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During the mid-Holocene, some of the world's rst large-scale complex societies came into being
within the lower and middle reaches of a number of large river systems.

Around this time, as

global sea-level stabilised, the hosting uvial environments of Lower Mesopotamia, the Nile Delta
and the North China Plain were evolving from spatially varied landscapes dominated by swampy
marshland, to better-drained, more uniform oodplain environments. It is necessary to consider
whether such environmental changes could have guided aspects of sociocultural evolution in these
settings.
In the Nile Delta, the setting for which most data are available, these palaeolandscape changes
are comprehensively mapped through the construction of a four-dimensional aggradation model
of the Holocene alluvial plain. Development of this model takes place within the context of a full
reinterpretation of the Upper Quaternary stratigraphy of the Nile Delta, which is itself further
informed by substantial programmes of eldwork in the western delta. The environmental changes
were forced by a decrease in the rate of relative sea-level rise within the context of decreased
discharge and sediment-supply due to regional climate change.
A geoarchaeological model links these changes in the landscape to sociocultural developments
taking place in Egypt between 5500 and 2500 BC. Increased adoption of agricultural practices in
the delta was stimulated by a decrease in the primary productivity of the landscape, which then
led to population growth and shifts in settlement styles.

The emergence of the rst Egyptian

capital of Memphis at the delta apex can also be seen as having been facilitated by changes in
the palaeogeography of the uvio-deltaic environment. Such linkages between the changing deltaic
landscapes and social change are crucial in understanding the formation of the Ancient Egyptian
State (c. 3100 BC), which involved increased involvement of regional elites using the delta as both
an agricultural resource and trade route.
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Chapter 1

Introduction
1.1

Research context

During the mid-Holocene, major changes took place within a number of human societies
around the globe (Fig. 1.1). Settlements became larger, culminating in large urban
agglomerations within which new forms of social relations were played out: craft
specialisation resulted in many people not being engaged in direct food production, while
to some extent a ruling class arose, authorised by new institutionalised belief systems
(Maisels, 1999; Trigger, 2003; Yoee, 2005). These developments are sometimes grouped
together under the title of social complexity, an appropriate term given that the
varying processes leading to these changes were multilinear, interlinked, occurred over a
wide range of spatial and temporal scales and are still far from being fully understood.
Nonetheless, there is no doubt that by the later Holocene (Table 1.1), some of the
world's rst Primary States had emerged in the Nile Valley, Lower Mesopotamia, the
Indus Valley and the Lower Huang He (Stein, 2001). Interestingly, the social
developments leading to the emergence of these civilisations broadly culminated within
similar environments: the uvio-deltaic regions of large river systems.
At the time that these changes were taking place in the human sphere, the landscapes
within which they occurred were also being fundamentally reworked by natural forces: a
near-cessation of eustatic sea-level rise at 50004000 BC (Fleming et al., 1998) resulted in
the reduction of river terracing and the concomitant formation of larger-scale oodplains
in uvial regions and deltas (Stanley and Warne, 1994), as well as the establishment of a
relatively more static shoreline position. Various interconnected changes were also taking
place in the climatic system (Anderson et al., 2007; Rosen, 2007).
It is impossible to truly understand the paths to social complexity without a full
appreciation of the dynamic environmental context from within which each of these
civilisations emerged. Taking such a view, many recent studies have attempted to
reconstruct changes in particular environmental parameters through time, and relate
1
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SUMER - Lower Mesopotamia

XIA DYNASTY - North China Plain

ANCIENT EGYPT - Nile Delta
HARAPPAN CIVILISATION - Lower Indus Valley

Figure 1.1: Map of the regions investigated.

such changes to social developments (Clarke et al., 2016; Kuper and Kröpelin, 2006;
Macklin and Lewin, 2015). There is now some consensus that the onset of agriculture in
the early Holocene may be linked to amelioration of the climate (Bellwood et al., 2005;
Mithen, 2003; Rosen, 2007), and that both increasing aridity and changing rates of
sea-level rise may have also played a part in the evolution of complexity (Brooks, 2006;
Day et al., 2007; Kennett and Kennett, 2007).
However, the fundamental nature, location, timing and pace of landscape change within
these archaeologically very important settings is still not at all well-known. While
general palaeoenvironmental trends are understood (Kröpelin et al., 2008; Litt et al.,
2012; Macklin et al., 2015; Roberts et al., 2011), there are surprisingly few large-scale
geomorphological reconstructions of palaeolandscape change. This situation perhaps
results from a lack of research focus: there have been only been a few geoarchaeological
projects in these areas following modern established methods.
This thesis attempts to redress this shortcoming, and oer a perspective on the nature of
large-scale mid-Holocene geomorphological change in those downstream, uvio-deltaic
settings which harboured some of the world's rst large scale complex societies (Fig.
1.1), using an approach rooted within basic uvial theory and sedimentological analysis.
The resulting palaeolandscape reconstructions can provide another starting point to
discuss the environmental context within which the ancient civilisations emerged, in
order that linkages between the landscape changes and the contemporaneous
sociocultural trends can be explored. In doing so, the thesis does not seek to redene the
concept of a state, civilisation or complex society  terms which are contentious, can
be highly specic and loaded with theoretical and metatheoretical baggage. The focus of
the thesis is instead rst on the landscapes themselves, before highly specic aspects of
developing social complexity are explored.
It would be beyond the scope of a single thesis, however, to investigate the
palaeolandscapes of all four locations shown in Fig. 1.1 in equal detail. The Nile Delta is
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therefore the subject of a signicantly more in-depth investigation than the other
regions, being the most appropriate in which to do so, since it has the largest amount of
extant sedimentological data which have not been incorporated into a palaeolandscape
synthesis; most of the literature is in English, French or German; it is the smallest of the
four regions geographically; it is accessible for eldwork; and it has a relatively large
number of excavated sites which document the sociocultural changes through the periods
of interest. In Lower Mesopotamia, the Lower Huang He and the Indus Valley the
landscape reconstructions are taken in this thesis only to an exploratory level: to as far
as the current datasets allow without further eldwork.

Some may contend that it is erroneous to focus on the landscape evolution of

downstream alluvial settings as being of relevance to the emergence of the Indus Valley
civilisation, Ancient China and Ancient Egypt, since the archaeological literature places
their origins slightly further upstream, in the Upper Indus Valley (Gangal et al., 2010;
Mughal, 1992; Possehl, 2002), the middle reaches of the Huang He (Liu, 2009; Xu, 2005),
and Middle and Upper Egypt (Kemp, 2006; Lloyd, 2014; Midant-Reynes, 2000)
1

respectively . However, to suggest that each of these civilisations developed solely from
interactions between people, and between people and their local environments in these
middle and upper riverine reaches, in isolation from events taking place further
downstream would be a gross oversimplication; they are likely to have come about as a
result of numerous interactions between dierent sets of people and dierent
environments over a large range of spatial scales.

It is the landscape evolution of downstream settings that is focussed on within this
thesis, and not the upper or middle riverine reaches, for three reasons: rst, these lower
alluvial and deltaic plains are some of the most expansive, resource-rich, diverse, resilient
landscapes on the planet, that are able to support both large populations and high
population densities, far in excess of what conned valley zones can oer further
upstream (Ericson et al., 2006; Sebesvari et al., 2016; Syvitski, 2008). It would be naïve
to not consider them as crucial settings of landscape-human interaction. Second,
governed to a rst order by the rate of sea-level rise, it is downstream regions that would
have undergone the most signicant landscape changes during and after global eustatic
sea-level stablilised in the mid-Holocene (small changes in sea-level lead to major
changes in the landscape), far more so than regions further upstream. It seems
reasonable that it is those environments that are not only the richest in resources, but
also undergoing the largest environmental changes, whose evolution should be considered
in any discussion of contemporaneous social trajectories, even if the political nexus lay
further upstream. Third, it can even be argued that while many of the initial
developments in the social spheres of Ancient Egypt, China and the Indus Valley did
indeed take place in the middle riverine reaches, the states themselves did not come
into existence until they encompassed the lower alluvial plains of the rivers as well. For

1

Conversely, there is no doubt that the Sumerian city-states of Lower Mesopotamia emerged from

within the downstream environment (Adams, 1981).
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example, in the Indus Valley, while the Early Harappan cultures were located further
upstream, the transitional social developments which resulted in the Mature Harappan
phase of civilisation appear to have taken place within the Lower Indus Valley, around
centrally-placed Mohenjo-Daro (Madella and Fuller, 2006; Maisels, 1999). In North
China, although the Cishan-Peiligang and Yangshao cultures were seemingly more
complex than their downstream counterparts the Houli, Beixin and Dawenkou (Xu,
2005), it was not until the Longshan period  when a single culture occupied both
middle and lower riverine environments  that complex social organisation, an
increasingly urban landscape, specialized crafts and technologies... standardized pottery
production... as well as competitive and/or cooperative interaction (Dematte, 1999)
come into existence. In Egypt similarly, the nation-state of Egypt only came into being
after both Upper and Lower Egypt shared a single material culture (Maczy«ska, 2011).
Of course, there are (at least) two other centres of early social complexity: one in
Mesoamerica (Olmec civilisation) and the other in Peru (Norte Chico). Both of these
also lie within uvio-deltaic environments, but they are not explored within this thesis
due to the currently very limited amounts of data from these regions. In Mesoamerica,
the Olmec civilisation had its cultural heartland in the lower alluvial plains of the Rio
Coatzacoalcos, and later, along the lower reaches of the Rio Tonala. Whilst the dynamic
nature of the landscapes of this region has been acknowledged by numerous researchers
(Coe and Diehl, 1980; Pool, 2009; Rust and Sharer, 1988; Symonds et al., 2002), there
are very few recent studies of the palaeolandscape (Cyphers and Pérez, 2000; Jiménez
Salas, 1990; Ortiz Pérez and Cyphers, 1997; Pope et al., 2001; von Nagy, 2003, 1997).
The area is extremely complex, inhomogeneous and geologically active, with numerous
salt diapirs, active tectonics and volcanism contributing in a large way to the natural
palaeoenvironmental evolution, and signicantly more eldwork would be required for
any discussion of the landscape history of this area. In Peru, research is in its relative
infancy and not enough is yet known about the ancient natural environment to
incorporate this region within the thesis (Creamer et al., 2013, 2007; Haas et al., 2004).

1.2

Statement of aims

The overall question with which the thesis is concerned is: What was the uvio-deltaic

landscape context for the emergence of civilisation, and what was its importance for the
development of large-scale social complexity? . In attempting to answer this question,
four dierent objectives are addressed:

1. To propose and explain a generic model for mid-Holocene landscape changes in
major lower alluvial and deltaic systems.
2. To summarise the changing mid-Holocene landscapes of Lower Mesopotamia, the
Lower Huang He and the Indus Valley, and relate them to this landscape model.
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3. To map the changing mid-Holocene landscapes of the Nile Delta, and similarly
relate them to this landscape model.
4. To assess whether the mid-Holocene landscape changes observed in the Nile Delta
can be implicated as potential drivers of contemporaneous social developments.

1.3

Thesis structure

In accomplishment of the aims presented above, the remainder of the thesis is divided
into eight chapters. Chapter 2 accomplishes objectives 1 and 2. In doing so, it explains
and expands upon a conceptual model developed by the author (Pennington et al.,
2016), which itself builds upon an unpublished MSci thesis at the University of
Cambridge (Pennington, 2011). These works developed a uvio-deltaic model and
showed that in basic terms it could be applicable for understanding the evolution of
Lower Mesopotamia, the Nile Delta and the North China Plain. Chapter 2 therefore
reviews this uvial model, and then substantially builds upon the previous work in a full
assessment of its applicability to the evolving landscapes of Lower Mesopotamia, the
Lower Huang He and the Indus Valley. Spatio-temporal correspondence between the
observed landscape changes and contemporaneous events in the human cultural sphere is
highlighted, and an explanation of why these three settings are not considered further in
the thesis is also oered.
The main part of the thesis, chapters 3 to 7, then creates and presents a four-dimensional
landscape and aggradational model of the Holocene Nile Delta in accomplishment of
objective 3. Within this section of the thesis, chapter 3 reviews previous literature that
deals with the results of prior studies in the region; chapter 4 then provides details of a
number of programmes of targeted geological eldwork undertaken to shed further light
on the landscapes of the ancient delta. Chapter 5 integrates all the sedimentological
work into a single framework and relates this back to the landscape model outlined in
chapter 2, before assembling all the data from the region into a single database. Chapter
6 probes this database using computer modelling methodologies in order to understand
the nature of the early and mid-Holocene landscapes of the region further. Finally,
chapter 7 concludes this section of the thesis, integrating the sedimentological model
with chronostratigraphic and aggradation data to create a full four-dimensional model
for the mid-Holocene landscape evolution of the delta.
The nal main chapter of the thesis (chapter 8), before the conclusions (chapter 9), then
accomplishes objective 4, assessing to what extent the observed landscape changes may
be considered a driver of various sociocultural trends within the formative period of
Ancient Egypt. Throughout the thesis, methods by which the research is carried out are
described within the chapters they relate to, in sections 4.2, 5.2, 5.3, 6.2 and 7.2.1.
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Table 1.1: Timeline (approximate dates BC) for selected cultures within the archaeological settings considered. Those cultures in

bold

are those

that are generally thought to represent the rst Primary States. Compiled from Dee et al. (2014, 2013); Fuller et al. (2008); Jotheri et al. (2016); Liu
(2009); Liu and Chen (2006); Maisels (1999); Possehl (2002); Shaw (2000).
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Predynastic
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Chapter 2

Mid-Holocene landscape change in
uvio-deltaic systems
This chapter is primarily concerned with elucidating the generic patterns of
mid-Holocene landscape change in the lower alluvial and deltaic systems which
harboured the emergence of some of the world's rst large-scale complex societies. In
accomplishment of this aim, section 2.1 rst proposes and explains a basic theoretical
model for such landscape changes, before sections 2.2 to 2.4 test this model in the
investigation of the Holocene palaeoenvironmental evolution of Lower Mesopotamia, the
Lower Huang He and the Indus Valley. In order to develop such a generic model for the
palaeoenvironmental history of mid-Holocene uvio-deltaic landscapes, it is rst
important to understand the critical parameters which control landscape change.

2.1

Towards a unied model of mid-Holocene uvio-deltaic
history?

2.1.1

Critical parameters

In downstream alluvial settings where rivers act as the primary agent of landscape
sculpture, the two main parameters that control the alluvial architecture, the deposition
of sediments and the resulting landscape character are: i) the rate of sediment supply,
and ii) the rate of creation of accommodation space. The rate of creation of
accommodation space is the changing volume of the basin into which sediments are
deposited; the rate of sediment-supply controls the speed at which this basin is lled. It
is the balance between these two competing parameters which determines the
topography, drainage and overall landscape of uvio-deltaic regions.
Changing rates of sediment-supply delivered to downstream settings are aected by a
complex and diverse range of parameters: changes in precipitation in the catchment can
7
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result in dierent rates of erosion; tectonic uplift in upper reaches of rivers can impact on
rates of denudation; vegetation change (natural or anthropogenic) can result in greater
or lesser soil erosion; changes in climate may also result in dierent types of weathering
operating, aecting sediment supply greatly. In many settings there is also a marked
seasonality to sediment-supply: at high latitudes sediment-supply is dominated by pulses
related to snowmelt, while many lower latitudes are subject to monsoons, themselves the
annual agents of mass liberation of material. Through the Holocene, variability in all
these factors would have resulted in changes to the supply of sediment delivered to
downstream settings.
It is most probable, however, that the most important factor which inuenced the
Holocene geomorphic development of downstream regions was changes in the rate of

creation of accommodation space. Generally synonymous with the rate of relative
sea-level rise, and therefore composed of glacio-isostatic, eustatic, local tectonic and
subsidence components, it varied in many locations by an order of magnitude from some
10mm/yr prior to c. 5000 BC, to some 0.51mm/yr in the later Holocene (Fig. 2.1). In
order for sediment-supply processes to have been dominant through this transition they
would have had to have varied by a comparable or greater order of magnitude  a
supposition which seems likely only in rare and isolated cases.

2.1.2

Environmental response: coastal regions

The eect that changing rates of creation of accommodation space (sea-level rise) had on
the evolution of deltaic regions during the Holocene is becoming better understood
(Pennington et al., 2016). In coastal areas, the landscape evolution and stratigraphy can
be summarised by a generalised stratigraphic column (Fig. 2.2), whose deposition has
been controlled predominantly by sea-level change. In the early Holocene, fast rates of
sea-level rise and thus a high rate of creation of accommodation space resulted in marine
transgression and retreat of the shoreline to a point well inland of its present position.
The sediments recording this event were deposited as a sand comprising reworked
material: Sequence II of Stanley and Warne (1994), uncomformably overlying earlier,
Pleistocene sediments of Sequence I deposits. At this time, many coastlines were
open, with salt-water incursion into extensive estuarine and tidal-at environments
(Berendsen and Stouthamer, 2001; Carozza et al., 2012; Hanebuth et al., 2012; Pasha,
2005). Then, delta-lobe formation was initiated, and ne-grained sediments of Sequence
III were laid down (Stanley and Warne, 1994). As the rate of sea-level rise decreased
further, coastlines began to stabilise and form a continuous strand including
beach-barrier systems, before prograding as the rate of sediment-supply exceeded the
rate of creation of accommodation-space (Berendsen and Stouthamer, 2001; Brückner

et al., 2005; Carozza et al., 2012; Hanebuth et al., 2012; Hijma et al., 2009; Pasha, 2005).
Fresh water outlets became xed for longer periods and saltwater inlets scarcer. As a
result, the estuarine environment shrank and a clear separation between the fresh water
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Figure 2.1: Generalised, eustatic sea-level since 8000 BC, after Fleming et al. (1998).

Vertical error bars represent uncertainties in elevation relative to sea-level and horizontal
ones the error in dating. Note the inexion point at 50004000 BC.

and saltwater domains developed. At the interface, lagoons and salt marshes became
major landscape features (Berendsen and Stouthamer, 2001).

2.1.3

Environmental response: uvial regions

In contrast to coastal regions, the eect that the transition from a fast rate of creation of
accommodation space to a slow rate c. 5000 BC (Fleming et al., 1998) had on the
landscape evolution of downstream uvial settings just behind the coastal zone is  in
most regions of the world  much more poorly understood. Recently, however, an overall
model for understanding the eects of such a large change in the major geomorphic
control has been developed (Pennington, 2011; Pennington et al., 2016). In uvial regions
before this transition, high rates of relative sea-level rise would have resulted in fast rates
of oodbasin aggradation, and the associated development of a swampy, wetland
landscape dominated by crevassing (Pennington et al., 2016). High rates of base-level rise
would have resulted initially in a reduction of the river gradient, causing a corresponding
decrease in energy to transport sediment and decreased shear-stress of the water on the
river bed, ultimately resulting in elevated in-channel aggradation rates. These high rates
of in-channel aggradation would have in turn led to channel superelevation (Jerolmack
and Mohrig, 2007; Mohrig et al., 2000), since to maintain constant volumetric ow while
the river-bed is silting up, channels build their margins above the surrounding oodplain.
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?
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Figure 2.2: A typical stratigraphic log (right) and its interpretation (left) from a uvio-

deltaic setting. A Pleistocene sandy sequence, Sequence I, (often braided stream deposits)
gives way to a nearshore marine, reworked transgressive sand (Sequence II), before deltaic
progradation takes place as Sequence III. The transition from Sequence II to III was
caused by decreasing rates of sea-level rise and occurred globally between 6500 and 4500
BC. After Stanley and Warne (1994, 1993a).

Super-elevation in turn would have led to widespread crevassing and frequent avulsion
(Aslan et al., 2005; Jerolmack, 2009; Jerolmack and Mohrig, 2007; Phillips, 2011; Mohrig

et al., 2000). Frequent crevassing and ooding into the basins between channels resulted
in fast oodplain aggradation (Kraus, 1996; Kraus and Aslan, 1993; Slingerland and
Smith, 2004). Ultimately, therefore, fast in-channel aggradation resulted in rapid
oodplain aggradation, which in turn inhibited soil formation and resulted in the
development of a wetland landscape (Smith and Pérez-Arlucea, 1994; Smith et al., 1989;
Willis and Behrensmeyer, 1994). The resulting typical environment has been referred to
as Large-Scale Crevassing, or LSC (Pennington et al., 2016; Törnqvist, 1993a).
Following the mid-Holocene transition to lower rates of relative sea-level rise, lower
in-channel aggradation rates would have meant that channel superelevation would have
decreased, and crevassing and avulsion would have become relatively less dominant
processes of landscape formation. Rivers would instead have then primarily migrated
across their oodplain via lateral channel migration and point bar deposition (Jerolmack,
2009; Jerolmack and Mohrig, 2007; Pennington et al., 2016). This process would have
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swept-up other channels and so tended to establish a single-channel network. With less
crevassing, oodplain aggradation rates would have decreased, and soils would have
developed. The resulting landscape has been referred to as a Meandering environment
(Pennington et al., 2016).
Ultimately, this model for how the uvial environment would have responded to a
decrease in rates of relative sea-level rise posits that it is the relationship between the
rate of vertical aggradation (dominant in LSC) and the rate of lateral migration
(dominant in the Meandering landscape) that is the main determinant of the character
of the landscape. If vertical aggradation is dominant over lateral migration, channel
superelevation will occur, leading to the LSC landscape; if lateral migration is dominant
this will not be the case. The Mobility Number (M  Jerolmack and Mohrig, 2007), is a
dimensionless number that encapsulates this ratio. It is dened (Equation 2.1) as the
ratio between the timescale for a river to vertically aggrade one-channel height, and the
timescale for a river to migrate one channel width, and thus expresses whether a river
predominantly aggrades vertically or migrates laterally.

M=
In this equation,

h

erosion rate and

Va

values of

M >10

hVc
BVa

(2.1)

is the river depth at bankfull discharge,

B

the width,

Vc

the bank

the in-channel vertical aggradation rate. In general, rivers with

are characterised as single-channel,

M <1

as anastomosing, and

1<M <10 corresponds to a transition zone (Jerolmack, 2009). The LSC facies is thus
the result of lower
of higher

M

M

driven by higher

driven by lower

Va

Va

1

during the early Holocene , and Meandering

during the later Holocene (Pennington, 2011, pp. 1415).

Unfortunately, historical variability in the controlling parameters of the Mobility
Number is not known well enough for a bottom-up modelling perspective on the
LSC-Meandering Transition for any particular river system (Pennington, 2011, pp.
2831).
The environmental changes corresponding to both the onset and termination of the LSC
environment would have not occurred synchronously across the lower alluvial system,
but would have likely followed a diusion curve (Pennington et al., 2016). Although the
exact relationship governing the rate of facies migration is not fully known (Jerolmack,
2009), it is controlled in some way by the avulsion timescale (Sheets et al., 2002), in turn
controlled by river gradient (Jerolmack, 2009), which is of course ultimately controlled
by sea-level in these settings. The particular river gradient in equilibrium with sea-level
at any one time migrates upstream via a known diusion curve, shown below in

1

High

Va

was crucial for the existence of the LSC environment, although LSC would have very initially

come about through a lowering of

M

(under near-constant

Va ) through an initial decrease in Vc

as a result

of the deposition of the ne sediments of Sequence III (Stanley and Warne, 1994), due to a reduction
in bed-shear stress as a result of reduced gradient due to sea-level rise.

These ne-grained sediments,

unconformably deposited upon the sandier unit of Sequence I or II (Stanley and Warne, 1994) would have
been highly cohesive, inhibiting lateral migration rates and thus causing a decrease in

M.
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Equation 2.2 (Jerolmack, 2009; Paola, 2000; Paola et al., 1992; Swenson et al., 2000);
thus to a rst order it is likely that the upstream migration of the LSC environment
followed a similar diusive pattern.

Teq =

In this equation,

L

L2 BR
√
8IQw cf

(2.2)

is the distance upstream from the coastline, and

Teq

the timescale

over which the river gradient reaches equilibrium with sea-level at this distance.
channel width,
discharge,

cf

I

the proportion of time that the river is in ood,

the friction coecient and

R

Qw

B

is the

the water

the relative specic sediment density.

Unfortunately, the changing values of the controlling parameters of this equation are also
not well-known enough for a full bottom-up modelling perspective of specic river
systems through the Holocene (Pennington, 2011, pp. 2527).

2.1.4

Response observed in the sedimentary record: Rhine and
Mississippi

These theoretical ideas have been tested in two well-understood delta systems: the Rhine
and Mississippi, where the sedimentary record demonstrates LSC landscapes giving way
to Meandering environments via an LSC-Meandering Transition (Aslan and Autin,
1999; Berendsen and Stouthamer, 2001; Gouw, 2008; Gouw and Autin, 2008; Pennington,
2011, pp. 1013; Pennington et al. 2016). The LSC facies was rst recognised in the
lower Rhine-Meuse by Hageman (1969), while subsequent work in delimiting its
spatio-temporal position was accomplished by Törnqvist (1993a,b), and further
interpretations were oered by de Groot and de Gans (1996), as well as Makaske (1998).
In the Mississippi, work has been carried out primarily by Aslan and Autin (1999).
Essentially, LSC consists of a network of anastomosing multichannel networks, displaying
high rates of vertical aggradation and little lateral migration, as well as continuous
crevassing and frequent avulsion. Fast sedimentation rates result in little time for soils to
form, and the overall picture is one of a swampy, wetland environment (Fig. 2.3). The
alluvial architecture is characterised by narrow channel belts composed of sandbodies
with low width/thickness ratios (∼815), a consequence of low

Vc

and high

Va ,

whereby

the rivers do not migrate across the oodplain but stay in the same locations in the
landscape, aggrading vertically. Floodbasin deposits of this facies are very complex and
extremely variable both laterally and vertically. Lacustrine muds and poorly-drained
backswamp muds (containing authigenic minerals indicative of near-surface reducing
environments) alternate laterally and vertically with numerous crevasse splay deposits,
as well as those of small, sinuous streams.
The Meandering regime, on the other hand, is characterised by uvial processes that
are more familiar (Fig. 2.4). Lateral migration through point bar deposition results in a
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The LSC landscape of the early mid-Holocene, in equilibrium with high
rates of sea-level rise. After Weerts (1996).

tendency to form single-channel networks and wide channel belts composed of
sandbodies with a high width/thickness ratio (∼5065). Crevassing and avulsion are less
dominant geomorphic processes, and aggradation rates are lower. Floodbasin deposits
are characterised by lower sedimentation rates, and are wedge-shaped, tapering away
from the channel, ning as they do so. The sediments are also indicative of
better-drained environments, which allowed for enhanced soil formation all over the
oodplain (Fig. 2.4).

In the Rhine-Meuse system, the spatio-temporal relationships of these facies have been
mapped and are shown on Fig. 2.5. The initiation of LSC occurred near the shoreline
once the ne-grained sediments of Sequence III (Stanley and Warne, 1994) were
deposited, then the environment migrated upstream such that it used to cover a large
portion of the lower alluvial plain. Around 2000 BC the environment then disappeared,
to be replaced by the Meandering landscape (Berendsen and Stouthamer, 2001;
Pennington et al., 2016).
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facies types straight and aggrading meandering are grouped here into the single facies
of Meandering since the dierences between these (mainly channel sinuosity) are immaterial compared to the major oodplain dierences with the LSC environment. After
Berendsen and Stouthamer (2001); Pennington et al. (2016).
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Synthesis

Overall, there is a theoretical basis for a generalised model of the inuence that
decreasing rates of sea-level rise through the mid-Holocene may have had on the
landscape evolution of downstream uvial settings. This evolution is marked by the
initiation, upstream migration and subsequent disappearance of a Large-Scale
Crevassing landscape, characterised by anastomosing, multichannel river networks
displaying little or no lateral channel migration, frequent avulsion, and ooding
primarily through crevassing. Fast aggradation rates resulted in poorly-drained swampy
and wetland environments with little large scale soil formation, while the heterogeneity
of the landscape resulted in an alluvial architecture characterised by narrow sandbodies,
and complex oodbasin sediments varying substantially both laterally and vertically
(Table 2.1). Initiation of this environment came about in the early-mid Holocene
through a lowering of the Mobility Number
high

Va ,

M

through an initial decrease in

Vc

under

and its subsequent upstream migration then probably followed a diusion curve

(Pennington et al., 2016).
As

Va

decreased with decreasing rates of sea-level rise, this environment then gave way

during the mid-Holocene to a Meandering uvial environment, characterised by fewer,
wider rivers in single-channel networks, less crevassing and avulsion, with ooding taking
place primarily though overtopping of levees, leading to slower oodplain aggradation,
larger-scale soil formation and a much more homogeneous landscape with wide levees
wedging out laterally from the channels (Table 2.1). This shift was most likely not a
synchronous change across the oodplain, but one that was also forced by a diusion
curve (Pennington, 2011, pp. 1618; Pennington et al., 2016).
Table 2.1: Summary of dierences between the LSC and Meandering environments.

Geomorphological characteristic

LSC

Meandering

In-channel aggradation rates

High

Low

Floodplain aggradation rates

High

Low

Channel migration

Little

Substantial

Network

Multichannel

Single-channel

Alluvial architecture

Narrow sandbodies

Tabular sandbodies
Less frequent

Avulsion

Frequent

Flooding style

Crevassing

Overtopping

Environment

Poorly-drained swamps

Well-drained oodplains

Floodbasin sediments

Complex, varying substantially

Simpler, wedging out

both laterally and vertically

laterally from the channel

Given such a generic model for the Holocene landscape evolution of lower alluvial
systems, the pertinent question in which this thesis is interested is whether the
landscapes described above are those within which some of the rst large-scale complex
societies (Ancient Mesopotamia, Indus Valley civilisation, Ancient Egypt, Ancient
China) developed. Did these societies' formative periods take place within the LSC
environment, and the LSC-Meandering Transition? And can bulk geomorphological
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palaeolandscape reconstructions be provided for these settings, which show the spatial
and temporal extents of the dierent environments?
The rest of this chapter therefore studies palaeoenvironmental changes taking place in
the hosting environments of Lower Mesopotamia, the Lower Huang He and the Indus
Valley in turn (sections 2.2, 2.3 & 2.4). Each of these regions is discussed in the same
way. A brief introduction to the geomorphological setting of each area is followed by a
survey of the previous sedimentary/palaeoenvironmental work that has been undertaken
in the region. Research that sheds light on the ancient position of the shoreline is
discussed, as well as that which helps to inform on the history of the uvial zone, and
which can suggest bulk changes in uvial style analagous or otherwise to the
LSC-Meandering Transition. A discussion of the aggradation history of each region
then links the observed palaeolandscape changes with the drivers of such change, before
any correspondence between shifts in the landscape and changes in the archaeological
record is noted, before this is returned to in chapter 9.
Following this, the Nile Delta then forms a case study comprising the bulk of the rest of
the thesis. During the scheme of work it quickly became apparent that this region
provided the best opportunity for the development of a full four-dimensional model of
landscape evolution, and for integration of this landscape model with the archaeological
record. Here there is a large (English/French/German-language) corpus of sedimentary
data (providing information on the evolving palaeolandscapes) which have never been
integrated into a delta-wide synthesis; the region boasts a relatively large number of
excavated sites that document the changing socio-political and economic trajectories
prior to the emergence of the state; and although dicult to work in from a bureaucratic
perspective the region is accessible for eldwork, something which cannot readily be said
of Mesopotamia and large parts of the Lower Indus Valley. In Lower Mesopotamia, the
Lower Huang He and the Lower Indus Valley, the models are taken as far as the
limitations oered by the current datasets allow.

2.2
2.2.1

Lower Mesopotamia
Geomorphological setting

The Lower Mesopotamian uvial plain (Fig. 2.6) sits in an actively subsiding foreland
basin, bounded by the Zagros mountains fold-and-thrust belt to the east, and the Syrian
desert upon the stable Arabian shelf platform to the west (Allen et al., 2013). The uvial
plain is formed by the Tigris and Euphrates rivers and exists downstream of the cities of
Ramadi and Samarra, where the rivers discharge in various distributaries over a wide
area before joining together at Basra to form the Shatt al-Arab, emptying into the
Persian Gulf with another river from Iran: the Karun. The Euphrates and Tigris both
drain from Anatolia and are very seasonal rivers with maximum discharges between
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February and June as a result of snowmelt (Bozkurt and Sen, 2011); the Tigris in
particular is quite unpredictable, also being fed by various tributaries from the
mountains on its eastern bank (Adams, 1981, pp. 34), such as the Diyala.
Landforms atop the extensive uvial plain comprise relic levees, alluvial fans in the north
and east (abutting the Zagros), crevasse splays where these fans meet the extensive
oodplain, and aeolian dunes in the centre. Further south, the uvial plain grades into a
coastal region of estuarine sabkhas and lagoons through an extensive zone of marshes
(which has been drained since the 1950s). The local climate is submediterranean and
arid, and the natural vegetation is dominated by Tamarix, Salix, Populus, & Cyperus,
although this has been replaced in many places by cultivated crops such as wheat, barley
and dates.
It was within this region that some of the world's rst city-states came into being from
the Uruk to Early Dynastic periods c. 35002350 BC (Table 1.1). An agricultural
hinterland, farmed through irrigation agriculture, provided each city with a surplus of
grain, which funded a social structure, the construction of monumental architecture and
the maintenance of full-time craft specialists. In the Akkadian period c. 23502100 BC
these Sumerian cities were united into a single large empire (Liverani, 1993).

2.2.2

Palaeolandscape reconstruction

Palaeolandscape studies have been undertaken in the region by a number of authors over
the previous few decades. Reviews of the broad stratigraphy of the area are available
(Aqrawi et al., 2006; Yacoub, 2011), based mainly on geological studies undertaken
19751981 by GEOSURV (Domas, 1983; Hamza and Yacoub, 1982; Salim, 1978; Yacoub

et al., 1991, 1990, 1985, 1981). The rst geoarchaeological uvial research was
undertaken by Jacobsen (1960, 1957). Following this, the courses of ancient channels and
canals across the plains of Akkad and Sumer were mapped using ideas from settlement
archaeology in combination with aerial and Landsat photographs (Adams, 1981, 1972,
1965, 1958; Adams and Nissen, 1972). In the 1970s, the Belgian Archaeological
Expedition to Iraq then used topographic, sedimentary and archaeological evidence in
combination with aerial photographs (Cole and Gasche, 1999, 1998; Gasche, 1988; Gasche
and Cole, 2003; Gasche et al., 2002; Heyvaert and Baeteman, 2008; Verhoeven, 1998) to
redraw these maps for Babylonia (Cole and Gasche, 1998) and suggest changes in uvial
style (Morozova, 2005; Verhoeven, 1998). Further sedimentary work has been briey
undertaken near Nippur and Adab (Wilkinson 2003, pp. 7879; Wilkinson and Jotheri,
2015; Wilkinson et al., 2015), north of Baghdad (Al-Sadoun, 2000), and also recently at a
variety of areas across the Lower Mesopotamian oodplain (Jotheri, 2016; Jotheri et al.,
2016). In the far south, in today's coastal zone, sedimentary studies have been carried
out as a result of petroleum exploration (Aqrawi, 2001, 1995, 1993), and the anatomy
and extent of the mid-Holocene transgression has been investigated by a number of
authors (Heyvaert and Baeteman, 2007; Kennett and Kennett, 2007; Sanlaville, 1989).
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Map of Lower Mesopotamia (SRTM data) showing places referred to in

the text. Reconstruction of maximum transgression is after Sanlaville and Dalongeville
(2005).

Geoarchaeological studies of varying detail have also been undertaken around particular
archaeological sites (Baeteman, 1980; Brandt, 1990; Brückner, 2003; Gasche and De
Meyer, 1980; Gasche and Paepe, 1980; Paepe, 1971; Paepe and Baeteman, 1978; Paepe

et al., 1978; Wilkinson, 2003), and there has also been a recent pollen study (Al-Ameri
and Jassim, 2011). Other researchers have carried out studies using remote sensing, and
textual analysis which provide corroborating information for the sedimentary work
(Hritz, 2010, 2005; Hritz and Wilkinson, 2006; Pournelle, 2007, 2003; Steinkeller, 2001).

Palaeo-coastline: During the mid-Holocene, the shoreline retreated to some 200250km
north of its present position (Aqrawi, 2001, 1993; Heyvaert and Baeteman, 2007;
Lambeck, 1996; Macfadyen and Vita-Finzi, 1978; Sanlaville, 2002, 1989; Sanlaville and
Dalongeville, 2005; Yacoub et al., 1981), and a marine sedimentary unit, the Hammar
Formation (Hudson et al., 1957), was deposited. Textual and archaeological evidence
indicates that around 3000 BC, Eridu, Ur, and other cities in the vicinity were located
near the coast, and that the contemporary Sumerian communities were maritime
(Falkenstein 1951; Huot 1989; Ionides et al. 1954, p. 396). Following the transgression,
the shoreline gradually prograded, leaving behind an area of salt marshes, coastal
sabkhas, lakes and lagoons (Kennett and Kennett, 2006; Heyvaert and Baeteman, 2007).

Changes in uvial style: While the main focus of the teams working in Mesopotamia was
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to map the changing courses of the rivers across the plain through historical periods, the
surveys also drew conclusions on the bulk uvial evolution of the area that attest to the
genesis and subsequent disappearance of the LSC landscape (Pennington, 2011, pp.
1924; Pennington et al., 2016). In Babylonia, Verhoeven (1998, p. 160) tentatively
proposes that after the early-middle Holocene there was a gradual transition from a
multi-channel anastomosing pattern in [the northern part of the Lower Mesopotamian
ood plain] to a single-channel meandering one. This is a statement of the
LSC-Meandering Transition encapsulated. In the earlier multi-channel network both
crevassing and avulsion are specically highlighted as dominant landscape processes
(Morozova, 2005; Paepe and Baeteman, 1978), further backing up the interpretation of
this landscape as LSC.
The LSC-Meandering Transition (as evidenced by the disappearance of anastomosing
multichannel networks) is also observed in the central plains. In the fourth millennium
BC, Adams (1981, pp. 1719) describes what is interpreted here as the LSC landscape as
a fanlike network of natural channels...[which] had its apex in an early junction of the
Tigris and Euphrates near Sippar; these channels may have constituted a shifting,
bifurcating, and rejoining combination of an anastomosing pattern and an alluvial fan as
they crossed the lower Mesopotamian plain toward a number of separate points of
outow. Later, this anastomosing pattern of the LSC landscape vanished: the multiple
small, shifting channels... [were] consolidated into a much reduced number of larger and
more permanent courses (Adams and Nissen, 1972, p. 38) with linearization [sic] of
the channel pattern (Adams, 1981, p. 160). The extremely limited pollen evidence also
suggests a potential shift to dryer conditions in the south c. 2100 BC (Al-Ameri and
Jassim, 2011).
A snapshot of a river network in the Uruk period even appears to show the LSC
landscape (evidenced by a lack of lateral migration) in existence in downstream settings,
but not further upstream, lending support to a downstream control on its genesis. One
particular river channel, mapped through analysis of river levees and dated by sites that
lie along its course (Adams, 1981, pp. 6162) shows a process of lateral meander
movement or `sweep'... over a distance of more than 6 kilometres in its upper reaches
(presumably within the Meandering environment), while the lower end of the
observable part of this ancient watercourse (presumably within the LSC environment)
appears to dier in important respects from the remainder of it. Traces of alternate
course-cutting and meander migration disappear. There are also several bifurcations in
the channel that appear curiously stable and unaected by the processes of movement
that are so evident farther upstream (Adams, 1981, p. 31).
Unfortunately, it is dicult to unambiguously assign a date to the transition from the
LSC landscape to the Meandering regime. Verhoeven (1998, pp. 238239) suggests the
transformation was gradual and was ongoing from the early mid-Holocene, nally
completed sometime between the late Old Babylonian Period (c. 18001600 BC) and 900
BC. However, the surveys that led to this conclusion were unable to date anything prior
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to c. 2000 BC (Paepe and Baeteman, 1978, p. 41). An earlier date for the transition is
suggested by Adams and Nissen (1972, p. 38) as during the Early Dynastic Period (c.
29002350 BC). Indeed, analysis of maps provided by Adams (1981, pp. 6465, 83, 89,
161163) seems to suggest two distinct breaks in channel pattern: the rst between the
early and late Early Dynastic (c. 29002350 BC) and the second into Ur III and Old
Babylonian times (c. 2000-1600 BC).
The reason for the diculty in assigning a single date to the transition is likely twofold.
First, the transition was most probably gradual and asynchronous. Second, the situation
is complicated enormously by the fact that the region was also becoming increasingly
anthropogenically altered during the same time that the LSC landscapes were
disappearing: through the third, second and early rst millennia BC... the major
watercourses... gradually assumed an increasingly canallike regime (Adams, 1981, p.
245), and numerous articial waterways were being dug across the plain by the end of
the third millennium, and particularly through the Ur III (21002000 BC), Old
Babylonian (18001600 BC) and Kassite (16001150 BC) periods (Adams 1981, pp.
155167; Adams and Nissen 1972, p. 42). As such, it is dicult to deconvolve the
relative contributions of natural and anthropogenic factors as drivers of overall landscape
evolution. Even so, the overall spatio-temporal extent of the facies changes across Lower
Mesopotamia can be tentatively mapped, and are displayed in Fig. 2.7 (Pennington,
2011; Pennington et al., 2016).

Aggradation rates: Data to inform on the history of aggradation rates in Lower
Mesopotamia are fairly sparse, but are displayed on Fig. 2.8. The data points come from
a variety of sources. The data points from the northern region all come from
archaeological deposits, or from well-understood lithostratigraphic layers that had been
correlated with archaeological horizons, and from deepest to shallowest represent the
regions around Diyala, Kish, Sippar and Tell ed-Der (Reichel 1997; Paepe and Baeteman,
1978; Wilkinson, 2003, p. 80). Most data points in the central area are radiocarbon
dates from stratied oodplain contexts (Hritz et al., 2012; Jotheri, 2016; Jotheri et al.,
2016; Wilkinson and Jotheri, 2015), although at Nippur and Adab some come from
archaeological horizons (Reichel, 1997; Wilkinson, 2003; Wilkinson et al., 2015). The
points in the coastal area are all radiocarbon dates (Aqrawi, 1995, 1993; Baeteman et al.,
2004; Heyvaert and Baeteman, 2007; Hritz et al., 2012; Jotheri, 2016). Some available
radiocarbon dates were excluded since their depths are unknown (Plaziat and Younis,
2005), while many others had been collected from anthropogenically-derived deposits and
so their relevance for the aggradation history of the plain is limited (Hritz et al., 2012;
Wright and Rupley, 2001). The point with a large error at the extreme bottom-left of
the gure is an estimate: the Holocene sediments are known to be an average of 1520m
thick across the plains (Yacoub, 2011, p. 65); here their onset is assumed between
100005000 BC.
While there are certainly local complexities related to degredation and aggradation
(Hritz et al., in press) there still appears to have been a substantial decrease in
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Figure 2.7:

Spatio-temporal distribution of sedimentary facies encountered in Lower

Mesopotamia. After Pennington et al. (2016). Labelled points represent data as follows:
1) Onset of ne-grained sediment deposition and proposed start of LSC. 1a) Onset of
ne-grained sediment deposition north of Nippur (Adams, 1981). 2) Substantial multichannel Euphrates network diverges around Sippar (Adams, 1981, p. 19). 2a) Avulsions
start near Fallujah (Morozova, 2005). 2b) Verhoeven (1998) suggests a transition from
anastomosing multichannel networks to a meandering regime around both Sippar and
Fallujah. 3) Heyvaert and Baeteman (2008) see an avulsion-driven multiple Euphrates
channel network at Tell ed-Der. 3a) Abandonment of this network. 4) Meander migration is observed north of this point, but inhibited to the south (Adams, 1981, p. 31). 5)
Major slowing down of aggradation rates: in general 11.8 mm/yr before, <0.4 mm/yr
after (Aqrawi, 1995).
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aggradation rates in the mid-Holocene c. 3000 BC in the central alluvial plains (Fig.
2.8). The close correspondence between this decrease and the sea-level curve suggests
that it most likely results from the slowing-down of sea-level rise, probably enhanced by
decreasing discharge as a result of increasing aridity in the Anatolian headwaters of the
Tigris and Euphrates (Wick et al., 2003). The decrease in aggradation rates is not
observed as convincingly in the northern plains, a fact which has been suggested to have
resulted from subsequent irrigation having diminished water discharge and trapped
alluvium in the north (Wilkinson, 2003, p. 80). However, this could also simply result
from the fact that this area was perhaps too far upstream to be inuenced by the
downstream control of decreasing sea-level rise, especially since these regions are close to
the modern knickpoints of the rivers (Verhoeven, 1998, p. 210).

Discussion: It seems fairly clear that the LSC landscape, characterised by an
anastomosing, dynamic, multichannel river network with inhibited lateral migration of
channels was in existence in Lower Mesopotamia during the mid-Holocene (Pennington,
2011, pp. 19-24; Pennington et al., 2016). These environments then disappeared at some
point prior to the rst millennium BC, and were replaced by a less anastomosing, single
channel network with less crevassing. Dating the transition is dicult due to a
combination of factors, not least because increasing human modication of the oodplain
through this time has the potential to result in confusion between human-driven and
naturally-driven aspects of landscape evolution. A best estimate is that the transition
occurred mainly between c. 2500 BC and c. 1000 BC.
While it is suggested here that the transition was due to a decrease in the rate of relative
sea-level rise (and thus aggradation rate

Va ),

which lowerered the Mobility Number (M ),

dierent drivers for elements of this transition have previously been suggested. Adams
and Nissen (1972, p. 38) believe it was eected by human activity, while Morozova
(2005) suggests it was due to a decrease in aggradation rates as a result of slower deltaic
progradation (through a mechanism similar to that proposed in the current work). What
is clear is that given that there was a decrease in aggradation rates around 3000 BC at
least in central Lower Mesopotamia, the landscape model elucidated in this thesis
(section 2.1) would predict such an environmental transition. It seems most probable
that the nuances and complexities of naturally-forced and anthropogenically-driven
landscape evolution through the third and second millennia BC will only be fully
understood with substantial further eldwork.

2.2.3

Correspondence with the archaeological record

During the time periods that the LSC landscape was a major component of the
landscape in Mesopotamia, large changes were taking place in the social sphere (Adams,
1981; Yoee, 2005). The Sumerian city-states of the southern alluvium developed in the
Uruk to Early Dynastic periods (c. 35002350 BC) within the LSC environment (Fig.
2.9). It is clear that the LSC environment provided a number of opportunities for their
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Figure 2.8: Stratied pottery and radiocarbon dates from Lower Mesopotamia. Data

from Aqrawi (1995, 1993); Baeteman et al. (2004); Jotheri (2016); Jotheri et al. (2016);
Heyvaert and Baeteman (2007); Hritz et al. (2012); Paepe and Baeteman (1978); Reichel
(1997); Wilkinson (2003); Wilkinson et al. (2015); Wilkinson and Jotheri (2015); Yacoub
(2011). The pink line is estimated contemporary local sea-level (Kennett and Kennett,
2007).

inhabitants, who took easily exploitable resources usable as... fodder, fuel... reeds...
ax, salt, dyestus and shell (Pournelle, 2007; Pournelle and Aldgaze, 2014) from their
surrounding landscapes, in addition to plentiful food resources. The presence of
numerous avulsion nodes provided for stable points within a dynamic landscape, at
which settlements were preferentially located (Morozova, 2005), while irrigation
agriculture may have even developed out of attempts to control the numerous crevasse
splay networks which existed in the LSC landscape (Morozova, 2005; Wilkinson et al.,
2015). Wetland resources, which were presumably abundant within the LSC
environment, were heavily exploited: remains of burnt sh are prevalent at Eridu, Ur,
Uruk, and Tell Asmar in Mesopotamia (van Buren, 1948 in Pournelle, 2007); there were
prolic oerings of sh at temples (Kennett and Kennett, 2007); and sh and other
aquatic resources are also prominent in Uruk proto-cuneiform texts (Englund, 1998, pp.
7071, 88), in contrast to a relative absence of mammals.

After the LSC-Meandering Transition there are a number of changes in the patterns of
resource exploitation and political control, which may be linked with the landscape
changes. The disappearance of the LSC environment appears contemporary with a
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notable increase in agricultural scale and complexity, manifested by the construction of
major branch canals and the expansion of irrigation systems (Adams, 1981, pp. 164-165;
Ur, 2013). At the same time, there was a shift in the political nexus from the lower
alluvial plains to the region of Akkad/Babylon (Fig. 2.9), at the apex of the distributary
network (Pennington et al., 2016), a location of political authority that persists to this
day in the form of Baghdad. Essentially, the rst complex societies emerged from within
the LSC environment in the southern alluvium, but these transformed into much larger
political entities, in the form of empires centred on Akkad and Babylon (Liverani, 1993),
around the same time as the LSC-Meandering transition.
Whether either of these changes  in subsistence basis, or the location of political
authority  were enabled by the LSC-Meandering Transition cannot be known without
substantially more eldwork, but relevant ideas are discussed in chapter 9, after all the
archaeological settings have been considered.

2.3
2.3.1

Lower Huang He
Geomorphological setting

The oodplain of the Lower Huang He (Yellow River) in eastern China is a wide, at
alluvial plain (Fig. 2.10), whose apex and focus of numerous historical avulsions lies near
Zhengzhou. To the north lie the Yanshan mountains, to the west are the Taihang
mountains and the China Loess Plateau, to the east lie the Bohai, Yellow and East
China seas, and dividing the plain into northern and southern portions are the Taishan
mountains. The northern portion is known as the North China Plain, upon which the
Huang He has existed for most of its history. South of the Taishan mountains lies the
Huang-Huai-Hai plain, a plain which belongs within the Huang He system but upon
which the Huai river is the predominant drainage feature today. This plain then
gradually grades southwards into the lower alluvial plain of the Chang Jiang (Yangtze).
Tectonically, the area is an active rifted intraplate basin, in which the Taishan mountains
form a horst structure (Ye et al., 1985).
The plain is generally divided into four geomorphological units: rivers ow through a
piedmont plain at the margin of the Taihang and Yanshan mountains, which grades into
a uvial fan plain zone, and then an extensive ood plain zone (the uvial fan plain and
ood plain zones are generally grouped together as the alluvial plain), before they
discharge onto the coastal plain and into the sea (Chen et al., 1996a). Within the
alluvial plain, the Huang He and other rivers lie on pronounced ridges some 10m above
the surrounding oodplain. Today the area is one of the most densely-populated areas in
the world, intensively farmed with millet, cotton, maize, wheat, sesame and hosting little
of its natural vegetation. The area is located at the interface between the Indian and the
East Asian summer monsoon (Zhang et al., 2011), with a rainy season occurring in July
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and August, resulting in droughts in the spring and ash oods in the summer.
Large-scale complex societies in China are generally thought to have begun with the Xia
dynasty c. 2000 BC, centred on the site of Erlitou, near modern-day Zhengzhou (Liu,
2009).

2.3.2
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Palaeolandscape reconstruction

The palaeogeographic development of the Lower Huang He has been relatively
well-studied over the past c. 40 years, with the most substantial palaeoenvironmental
studies carried out on the North China Plain. From the 1960s to the 1990s the Hebei
Academy of Sciences focussed on determining the locations of palaeochannels and the
evolution of the environment of the North China Plain through the Holocene (Chen,
1996; Chen et al., 1996a, 1996b, 1996c; Qinghai et al., 1996a, 1996b), through the
synthesis of information from historical documents, large-scale maps and aerial
photographs, electrical resistivity surveys, infra-red imagery, hydrological and geological
information from 7000 wells, and from data contained in 263 new core drillings and 2000
drilled previously. From these cores, pollen, ostracods and formainifera were studied
from 11 boreholes; grain-size from 6 boreholes and molluscs were looked at in 3
boreholes. 41 radiocarbon dates were also collected. Other geological coring of the
Holocene sediments has been carried out by Shao and Wang (1991) and Zeng et al.
(1989) among others. More recent geoarchaeological studies and pollen analyses have
also provided major contributions to an understanding of the developing environment in
the region (Ren and Beug, 2002; Zhuang et al., 2013; Zhuang and Kidder, 2014), while
the specic history and development of the coastal zone has also been reviewed elsewhere
(Saito et al., 2001; Xue, 1993).
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Figure 2.10: Map of the Lower Huang He (SRTM data) showing places referred to in

the text. After Zhuang and Kidder (2014). Numbered channels came into existence as
follows: 1) c. 2278 BC. 2) c. 602 BC. 3) c. AD 15. 4) AD 893. 5) AD 1048. 6) AD 1289.
7) AD 1324. 8) AD 1853. 9) AD 1938-1947. See Fig. 2.6 for key to other features.

Palaeo-coastline: In the North China Plain, the maximum extent of the Holocene
transgression at approx. 50004000 BC was spatially variable (Fig. 2.10), extending
between 60 and 160km inland of the present shoreline (Saito et al., 2001, 2000; Xue,
1993; Xue and Guodong, 1989). South of the Taishan mountains (but north of the
Chang Jiang river), the position of maximum transgression is less well-established, but
was likely to be some 4060km inland of the present coast (Chen et al., 2008), based on
the location of a series of inland coastal ridges. After this time, subsequent progradation
of the shoreline was closely associated with the development of cheniers (Saito et al.,
2001; Xue and Guodong, 1989), and the formation of a continuous beach-barrier strand.

Changes in uvial style: The North China Plain has experienced very distinct and clear
changes in sedimentary facies and uvial style, and the development of the LSC
landscape is well-attested (Pennington, 2011; Pennington et al., 2016). The terminal
Pleistocene/Holocene sequence has been divided into three by the study undertaken by
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the Hebei Academy of Sciences (Chen, 1996): Stage III/IV represents the terminal
Pleistocene and early Holocene, Stage V, represents the mid-Holocene, and Stage VI
represents the late Holocene. Stage III/IV is analagous to Sequence I of Stanley and
Warne (1994); Stage V is assumed to be the LSC landscape.
Stage III/IV (Sequence I of Stanley and Warne (1994)) exists on the plain at depths of
1530m and generally consists of light-grey/greyish to legume-green medium and ne
sands (Qinghai et al., 1996a), in which uvial sandbodies make up approximately 60% of
the total area of the ground surface; this stage is characterised as a palaeochannel
development stage (Qinghai et al., 1996a). The pollen assemblage suggests grassland
vegetation dominated by Artemisia (Qinghai et al., 1996a, 1991), transitioning to a
mixed coniferous and broadleaved forest-steppe vegetation, characterised by Pinus,
minor Picea, Abies, & Ulmus (Qinghai and Chen, 1985; Qinghai et al., 1996a, 1991,
1988). The top of the unit likely represents an unconformity (Chen et al., 1996b).
Lying above deposits of Stage III/IV, Stage V exists at depths of 515m and is deemed
to represent the LSC landscape (Pennington, 2011, pp. 1924; Pennington et al., 2016).
It consists of dark grey to greyish-black miry silt and mire with turf  (Qinghai et al.,
1996a, p. 20), containing numerous ferric and manganese nodules (Chen et al., 1996b)
indicating reducing conditions. Fluvial sandbodies in this unit account for only 30% of
the uvial plain area; this stage is characterised as a palaeoswamp development stage
(Qinghai et al., 1996a, p. 23), composed of river, lakes and swamp deposits (Chen et

al., 1996b, p. 45), in which rivers kept within their channels (Chen, 1996, pp. 12).
The lower proportion of oodplain covered by sandbodies is exactly what would be
expected from the alluvial architecture of the LSC landscape: a consequence of low
lateral mobility (Vc ) relative to aggradation (Va )  driven by the rivers keep[ing] within
their channels (Chen, 1996, pp. 12) and not migrating laterally, as explained in section
2.1.3. The pollen assemblage is characterised by an increase in broadleafed arboreal
pollen (Pinus and Quercus with some Betula, Tamarix and Corylus ), a decrease in
Poaceae, and the occurance of some Typha, Cyperaceae and Ceratopteris (Qinghai and
Chen, 1985; Qinghai et al., 1996a, 1991, 1988).
Finally, Stage VI exists upwards of 5m below the surface and is represented by
yellow-brown silts underneath modern sandy clays. Fluvial sandbodies account for
4060% of the uvial plain area; the stage is characterised as a minor palaeochannel
development stage (Qinghai et al., 1996a). The pollen assemblage is characterised by an
increase in herbaceous components such as Artemisia, Chenopodiaceae, Ephedra and

Humulus and a decrease in arboreal pollen (Qinghai and Chen, 1985; Qinghai et al.,
1996a, 1991, 1988).
More recent palynological work on the Holocene sequence also shows mixed Pinus &

Quercus forest having expanded across the North China Plain from 8000 BC, replacing a
late Pleistocene landscape dominated by herbaceous forms such as Artemisia. The mixed
forest then dominated the landscape  albeit with some ucuations (Yuecong et al.,
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2011)  until c. 25002000 BC, when a major reduction in arboreal pollen indicates a
transition to a temperate-steppe biome (Cao et al., 2010; Ren, 2007; Ren and Beug,
2002; Yi et al., 2003). The replacement of an Artemisia -dominated ora with Pinus &

Quercus can thus be seen as the Stage III/IV  Stage V transition, while the decrease in
arboreal pollen is assumed to correspond to the Stage V  Stage VI transition.
Dates for the transitions between the uvial facies III/IV, V and VI, and the changing
spatial extents of these environments through the Holocene are dicult to
unambiguously establish. In order to investigate this, relevant radiocarbon dates
collected by the study of the Hebei Academy of Sciences which correspond to particular
units were plotted on a time-space diagram (Fig. 2.11). Qinghai et al. (1996b) suggest
onset of the LSC landscape (Stage V) around 7500 uncal yr BP (c. 6500 BC), a date
which is clearly supported by the radiocarbon evidence (Fig. 2.11). However, the timing
of the the Stage V  Stage VI contact (the termination of the LSC landscape) is much
more dicult to establish. A date of c. 500 BC was suggested by Qinghai et al. (1996b)
on the basis of pottery dated to 770 BC  AD 23 encountered within Stage V deposits.
However, the archaeological contexts from which the relevant diagnostic sherds were
collected were a well and a tomb: both of which would have been dug into their
surroundings during construction and thus cannot be assumed to be contemporary with
their surrounding sediments. If these pottery data are disregarded, any date for the Stage
V  Stage VI transition between c. 3500 BC and c. 20001500 BC could realistically be
supported from the radiocarbon evidence (Fig. 2.11). A more specic range of c.
25002000 BC is tentatively suggested through correlation of the pollen assemblages of
Stages V and VI with the those observed by Ren and Beug (2002) and Yi et al. (2003).
Other studies looking at the uvial geomorphological development of the Lower Huang
He have focussed on trying to reconstruct the changing position of the main Huang He
channel at dierent times (Saito and Yang, 1995; Saito et al., 2001, 2000; Xue, 1993; Xue
and Guodong, 1989; YRCC, 1984). This is now known with some accuracy and is shown
in Fig. 2.10. Essentially, for much of its Holocene history, the river discharged into the
Bohai Sea through various channels active at dierent times, forming a series of lobate,
wave-dominated deltas. Between AD 11281855 it owed south of the Taishan
mountains to discharge into the East China Sea, after which an avulsion returned it to
the north and to its present course. Some authors (Liu, 2004, pp. 2930) also argue for a
mid-Holocene channel south of the Taishan mountains, but this is unsupported by recent
work (Kidder et al., 2012).

Aggradation Rates: The alluvial plain of the Lower Huang He shows an increase in
aggradation rates from the early Holocene into the mid-Holocene, and then a substantial
increase in aggradation rates into the late Holocene, due mainly to human land use
changes. The most comprehensive study of aggradation rates to date plotted 490
stratied radiocarbon dates collected within the North China Plain, producing a gure
showing the temporal variation of average aggradation rates (Shi et al., 2002),
reproduced as Fig. 2.12. Noting the over-representation of the coastal zone in this
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Spatio-temporal distribution of sedimentary facies encountered in the

North China Plain. Radiocarbon dates of Chen et al., 1996b; Qinghai et al., 1996a from
within Stages V and VI are shown. After Pennington (2011); Pennington et al. (2016).
All radiocarbon dates have been recalibrated according to IntCal13 (Reimer et al., 2013).

dataset, the authors then tried to construct a representative, spatially averaged
age-depth curve for the Holocene deposits across the entire plain (Fig. 2.13). The
six-step process by which this was achieved is highly involved (Shi et al., 2002):



For each core which contained stratied radiocarbon dates, average depths to
deposits were ascertained for 2500, 5000, 7500 and 10,000
contained radiocarbon dates within 1250



14

14

C years BP, if the cores

C years of any of those ages.

Spatial interpolation was carried out to create four surfaces showing the depths to
deposits at each of these ages.



Adjustments were made to the data: If the interpolated depth of the concerned
age was smaller than the burial depth of a younger age or larger than that of an
older age in a core, the original burial depth of the younger or older age in that
core would be added into the dataset of burial depths of the age under
consideration. This was to account for the fact that in some locations there was
an absence of

14

C dates in the range 1250 years before or after the concerned ages.
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The burial depths of each of the four ages were re-interpolated using the new
dataset.



The proportions of the 19.5m average thickness of the plain (Shao and Wang,
1991) that had been deposited within each of the four time windows considered
was calculated as a spatial average across the whole plain from these surfaces, and
plotted as Fig. 2.13.

Figs 2.12 & 2.13 together show four things: i) progressive increasing heterogeneity of
aggradation rates, ii) some examples of very high recent aggradation rates, iii) a general
increase in spatially averaged aggradation rates across the plain through the Holocene,
iv) a probable decrease in aggradation rates in the coastal zone through the Holocene.
Fig. 2.12 clearly shows increasing heterogeneity as well as examples of high recent
aggradation rates; Fig. 2.13 shows the overall increase in spatially-averaged rates
through the Holocene. Approximate magnitudes for this shift are from 1.7mm/yr in the
mid-Holocene to 2.5mm/yr in the late Holocene, with the major increase at c. 3000500
BC. This increase in aggradation rates in the late Holocene is also seen in more recent
studies (Kidder et al., 2012a, 2012b). A Holocene decrease in aggradation rates in the
coastal zone is suggested from considering Figs. 2.12 and 2.13 together: the majority of
data points on Fig. 2.12 show a slight downward trend in aggradation rates, but this
trend is not seen in Fig. 2.13. Knowing that it is the coastal zone that is
over-represented in Fig. 2.12 (Shi et al., 2002) and whose inuence is removed in Fig.
2.13, it follows that this downward trend must be seen in this area.

Discussion: The Huang He has a dierent pattern of aggradation rates to that suggested
by the uvio-deltaic model (section 2.1.3): fast rates of mid-Holocene aggradation are
not followed by slower aggradation rates but instead by even faster rates. However, the
existence and subsequent disappearance of mid-Holocene LSC landscapes are still
well-attested across the plain.
Drivers for the changes in aggradation rates across the North China Plain are
well-understood. The increase in aggradation rates from the Pleistocene into the early
and mid-Holocene is a natural consequence of eustatic sea-level rise causing decreased
river gradients in the region, meaning rivers changed from an incising character to an
aggrading character. As rates of relative sea-level rise then decreased c. 60004000 BC
(Zong, 2004) the coastal zone saw an associated decrease in aggradation rates. The
uvial zone of the North China Plain, however, did not see such a decrease; instead, it
appears that an enormous increase in the rate of sediment supply (especially between c.
3000500 BC) served to outweigh the impact of the decrease in the rate of creation of
accommodation-space, and aggradation rates actually increased. This dramatic increase
in the rate of sediment-supply is attributable in a large part to increasing human activity
and land use changes (deforestation) on the China Loess Plateau and concomitant
liberation of sediment, coupled with reinforcing climatic changes and tectonic movements
(Milliman et al., 1987; Ren and Zhu, 1994; Shi, 2005; Shi et al., 2002; Xu, 1998).
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Average aggradation rates implied by stratied radiocarbon dates from
the North China Plain. From Shi et al. (2002).
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Figure 2.13:

Reconstructed spatially averaged age-depth curve for the North China
Plain. After Shi et al. (2002).
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Interestingly, the dramatic, anthropogenic increase in sediment supply is even recorded
in the names given to the river. Previous to 500 BC it was known as Da He (large
river); in the Han dynasty (c. 200 BC  AD 220) it became known as Zhuo He (turbid
river); it acquired its present name Huang He (yellow river) in the Tang Dynasty c.
AD 700 (Hu et al., 1998). Today the river is responsible for the second largest sediment
ux in the world (Milliman and Meade, 1983), and so with such enormous rates of
sediment-supply it is therefore of little surprise that aggradation rates have remained
high through the later Holocene. The Huang He is thus clearly an exceptional river for
which anthropogenically-driven rates of sediment-supply have indeed managed to keep up
with and outweigh the downstream control on aggradation rates through the Holocene.
However, the sediments still record the genesis and subsequent disappearance of the LSC
landscape (Stage V), even under a late-Holocene increase rather than a decrease of
sedimentation rates. Whilst the genesis of the LSC landscape can clearly be attributed
to high mid-Holocene aggradation rates, its demise and replacement c. 25002000 BC by
the Stage VI environment cannot therefore be driven by a lowering of aggradation rates
as the theoretical model would suggest (section 2.1.3), since aggradation rates increased
further at this time in response to increasing human activity. Instead, the replacement of
LSC environments by the Stage VI landscape can probably be attributed to
anthropogenic alteration of the environment. Stage VI was clearly not a natural
Meandering landscape but was extremely anthropogenically altered, with sediment
uxes and a graded river prole orders of magnitudes away from the natural
equilibrium (Shi, 2005). The dramatic decrease in arboreal pollen in Stage VI deposits
compared to the preceding LSC landscape is not a natural event but a consequence of
deforestation at an unprecedented scale (Wang et al., 2004; Zhuang and Kidder, 2014);
the altered riverine landscape can thus be explained by increased human modication of
the uvial regime.
Overall, for the early and mid-Holocene the sedimentary record of the Huang He clearly
documents an environmental history that accords with the uvial landscape model
presented above, characterised by the development of a LSC landscape as a result of
elevated aggradation rates. However, by the late Holocene, the exceptional nature of the
Huang He's sediment ux, driven primarily by anthropogenic land use changes upstream,
did not result in the LSC environment disappearing as a result of a lowering of
aggradation rates. Instead, the demise of the LSC environment c. 25002000 BC most
likely came about in tandem with and as a consequence of anthropogenic modication of
the environment.

2.3.3

Correspondence with the archaeological record

There appears to be strong spatio-temporal correspondence in China between the
archaeological record and the disappearance of the LSC environment (Fig. 2.9).
Similarly to the case in Mesopotamia, the disappearance of the LSC environment
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appears to correspond with the establishment of the political centre at the apex of the
distributary network  at Erlitou (Liu, 2009), as well as an increase in agricultural scale
and complexity (Lee et al., 2007; Pennington et al., 2016). The inhabitants of the LSC
landscape c. 55002500 BC were the Houli, Beixin, and Dawenkou cultures. For these
people, while millet (plus some soybean and rice) was increasingly being farmed, and
pigs and chickens were kept, hunting and gathering were still important parts of the
subsistence economy (Fuller et al., 2008; West and Zhou, 1988; Yuan and Flad, 2002). It
was only after the LSC-Meandering Transition, when the Longshan people likely
colonized the environment after c. 2500 BC, that there was agricultural intensication
evidenced by expansion of anthropogenic habitats and higher densities of crops (Lee

et al., 2007, p. 1091). As with Mesopotamia, these observations are returned to at the
end of the thesis in Chapter 9.

2.4
2.4.1

Indus Valley
Geomorphological setting

The Indus plain exists within the Indo-Gangetic foredeep, a foreland basin on the Indian
craton south of the Himalayas. To the west are the Kirthar mountains, while to the east
exists the Thar desert (Fig. 2.14). In the upper reaches of the area a number of incising
streams in Punjab drain the Himalayas and Hindu Kush before converging together and
joining the Indus some 30km east of Rajanpur. The Indus displays pronounced
seasonality: water discharge is predominantly fed by snowmelt during the spring and
summer months (Karim and Veizer, 2002), but sediment supply is more reliant on the
Indian monsoon (Wulf et al., 2010).
The lower alluvial plain of the Indus Valley is convex-up (Holmes, 1968) and can be
considered as comprising two fans, separated by a region of relative uplift. The upper fan
exists within the Suleiman foredeep and has its apex at Kashmor, by the Gudu barrage
(Schumm et al., 2000), some 130km downstream from where the ve rivers of the Punjab
join the Indus. This apex marks the point where the river transitions from an incising to
an aggrading character (Holmes, 1968), and is the focus of a series of avulsions (Giosan

et al., 2006). The lower fan exists downstream of the ancient site of Mohenjo-Daro, and
has its apex at Sehwan, within the Thatta-Hyderabad high (Schumm et al., 2000).
Separating these two fans are the Mari-Khandkot and Jacobabad-Khairpur zones of
relative uplift (Jorgensen et al., 1993) and the Kachi foredeep. The Indus river itself
today broadly occupies the centre of the alluvial plain, except in the south where it lies
on the extreme western margin. Today it consists of a series of weakly anastomosed
channels within a single major channel belt, elevated above the oodplain to form a
mega-ridge (Giosan et al., 2006; Syvitski et al., 2013). Recent landforms on the plain
comprise inlled channels, covered bars, levee and oodplain deposits, as well as river
terraces rising 0.31m above the oodplain in the extreme east and west (Flam, 1993).
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Figure 2.14: Map of the Indus Valley (SRTM data) showing places referred to in the

text. Extent of maximum transgression is an average of Flam (1999) and Kazmi (1984);
labelled palaeo-river courses are after Flam (1999). Numbered featres are as follows: 1
& 2) Boreholes of Giosan et al. (2012): 1) Sindh transect, 2) Nara transect.
Transects of Kazmi (1984):

36)

3) Transect CD. 4) Transect EF. 5) Transect GH. 6)

Transect IJ. See Fig. 2.6 for key to other features.
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Further south, the Indus river opens into a triangular delta near Thatta, consisting of a
deltaic ood plain in its upper part and a lower tidal zone of mud ats and creeks.
Incision of the entire area area occurred during the last glacial due to base level lowering
as a result of global eustatic lowstand, resulting in a valley some 150200m deep (Kazmi,
1984), which was subsequently lled by late Pleistocene and Holocene sediments of the
Tandojam Formation. Very few features stand out above these Tandojam deposits: only
the Rohri hills near Sukkur, and the Ganjo Takar and other hills south of Hyderabad
protrude above the plain as Eocene limestone escarpments. The Indus has occupied a
number of dierent courses through time (Fig. 2.14); in historical times previous to 900
BC the Nara Nadi was a second major river, draining the eastern part of the alluvial
plain; still further back in time existed the Ghaggar-Hakra channel, draining through
Cholistan (Giosan et al., 2012). The Indus Valley civilisation existed across all these
plains at approximately 25001900 BC (Table 1.1), centred on Mohenjo-Daro (Possehl,
2002).

2.4.2

Palaeolandscape reconstruction

Palaeolandscape studies of the lower alluvial plains were initially undertaken by Lambrick
(1964), who tried to reconstruct previous watercourses and coastlines based on historical
documents. The oldest of these was an account of Alexander the Great's observations in
326325 BC. Holmes (1968), in conjunction with the Lower Indus Project and Hunting
Technical Services Ltd. then undertook extensive mapping of the plain based on aerial
photographs, and was able to produce a series of maps suggesting shoreline and
river-course changes, but with no chronological controls. A number of authors then
worked in the area in the 1970s to the 1990s. Kazmi (1984) published a seminal study of
the recent geology of the area incorporating both gravity and borehole surveys. Most
recently Giosan et al. (2012, 2006) have undertaken more work along the whole river
system from Punjab down to Sindh, coring 26 boreholes in the process, four of which are
of most relevance for this study, located denitively in the main alluvial plains; while
three more were undertaken on the Nara, east of the Rohri hills. These combined studies
have helped reconstruct the palaeo-coastline during the Holocene, infer changes in
aggradation rates, and shed some light on the changing uvial character of the area.

Palaeo-coastline: Reconstructions of the palaeo-coastline are contentious due to a lack of
data (Flam, 1999, 1993; Giosan et al., 2006; Holmes, 1968; Kazmi, 1984; Lambrick, 1964;
Raikes, 1964; Wilhelmy, 1967), but it is probable that the delta started to develop in the
east, and then move westward with the river (Giosan et al., 2006). Based on the lack of
chronostratigraphic data it seems impossible to denitively determine either an exact
location or timing for the maximum point of shoreline regression.

Changes in uvial style: Data to suggest any change in uvial style are extremely sparse.
Most obviously, there is a a major change in the character of the Tandojam Formation at
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4550m below the surface near Sukkur and 6090m below the surface near Hyderabad
(Kazmi, 1984; Kazmi and Abbasi, 2008). Below this, the Lower Tandojam deposits are
made up of a coarse gravelly alluvial sand, interpreted as an earlier, braided channel
stage; above this division the Upper Tandojam is composed of ne to medium alluvial
sand and represents a meandering channel stage. No chronological control exists on
the transition between the two stages, although by interpolation on Fig. 2.15 (below), a
date anywhere between 100004000 BC can be attributed to this transition at Sukkur,
and a date of 100006000 BC around Hyderabad.
Flam (2013, 1999, 1993) also sees changes in uvial style, and argues that each of the
three main Holocene courses of the Lower Indus river before the present-day have been
characterised by slightly dierent uvial styles. The oldest Jacobabad course
apparently consisted of a broad zone of sandy bar and channel deposits; the Sindhu
Nadi also consisted of a broad zone of extensive deposits but the material was no
longer sandy, but instead comprised silty-clay. Finally, the Kandhkot is described as
a single, narrow and winding channel. An increase in sinuosity is also observed with
each of these transitions. Dates of the transitions between these river courses are
suggested by the author, but on the basis of very little evidence. If the oodplain was
indeed aggrading at a rate of ∼15mm/yr before c. 3500 BC as suggested by Fig. 2.15
(below), it can be fair to assume that none of these presently-visible channels can be
much older than that date (if at all).

Aggradation Rates: Data to inform on the spatio-temporal variation of oodplain
aggradation are fairly sparse, but are displayed in Fig. 2.15. These data points come
from a variety of sources. The best data come from Giosan et al. (2012), who collected
radiocarbon dates from all four of the cores drilled in their Sindh transect (Fig. 2.14),
and in the three cores they drilled to the east of the Rohri along the Nara. Further
points derive from earlier work. Jorgensen et al. (1993) showed that average rates of
aggradation since the Pleistocene (unadjusted for compaction) can be calculated from
considering the thickness of the Tandojam formation lling the incised valley. This ll is
some 160m thick by Sukkur, and >182m, >139m and >190m thick along the transects
EF, GH and IJ of Kazmi (1984) respectively (Fig. 2.14). If the valley oor were
assumed to represent an unconformity surface of some 1015kyr, then average
aggradation rates since this time must have been 1016mm/yr by at Sukkur, and at least
1218; 914; and 1319mm/yr along EF, GH and IJ respectively. More data come
from measurements of levels at Mohenjo-Daro, where there has been 5m of aggradation
since 23701750 BC (Allchin, 1976; Jorgensen et al., 1993). A more controversial data
point comes from a borehole in which Mohenjo-Daro period pottery was apparently
found at a depth of approx. 30m (Kazmi and Abbasi, 2008, p. 420). Fig. 2.15 presents
all data on an age-depth graph.
The data suggest a substantial decrease in aggradation rates from ∼1020mm/yr to

∼0.55mm/yr during the Holocene, but an exact date for this transition is dicult to
establish due to the paucity of data. Ignoring the seemingly anomalous data point of
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of 1.3mm/yr) uses data after 5000 BC, ignoring point KA08.

Kazmi and Abbasi (2008), but if data from the three cores undertaken in the Nara by
Giosan et al. (2012) are still included (G12  Middle), a sudden transition c. 3500 BC
would be supported. If these cores in the Nara are deemed not representative of the
main Indus river system due to their location to the east of the Rohri hills, a transition
sometime between 5500 BC and 2350 BC would be supported. The data are too sparse
to suggest whether the transition in uvial style observed from the changing character of
the Tandojam Formation can be correlated with or attributed to a decrease in
aggradation rates.

Discussion: There is evidence to suggest that there has been a major decrease in
aggradation rates across the lower alluvial plains at some point between c. 5500 and
2350 BC. This decrease in aggradation rates may have resulted from the combination of
i) a fast decrease in the intensity in the Indian monsoon, thus suddenly reducing
sediment ux, combined with ii) a slower decrease in the volume of snowmelt each year,
thus only slowly reducing water ow (Giosan et al., 2012). This combination would have
resulted in lower sediment concentrations and thus slower rates of deposition. However,
it is also worth considering whether this decrease in aggradation rates could also have
resulted not from changing sediment-supply, but also from a change in the rate of
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creation of accommodation space: an adjustment of river gradients in response to
changing sea-level rise. Data to potentially support a downstream control on aggradation
rates come from the fact that the decrease in aggradation rates is not seen in cores
further upstream. Cores taken by Giosan et al. (2012) further upstream in the Cholistan
area (not shown on Fig. 2.14) document consistent rates of aggradation in the region of
0.12.1mm/yr from c. 6500 BC. If the control on aggradation rates were to have been an
upstream one, the Cholistan cores may have been expected to show the same decreasing
pattern in aggradation rate as those further downstream.
There is also evidence to suggest that a major change in uvial style may have occurred
at some point between 10000 and 4000 BC, from a braided river with a coarse sandy
bed-load to one carrying ner material and no longer exhibiting a braided pattern.
While this may appear to be a similar pattern to that observed in other river systems
with Sequence III deposits overlying those of Sequences I and II, with no rm
chronology it is dicult to draw any conclusions.
Essentially, whilst it is clear that the lower Indus basin experienced a decrease in
aggradation rates during the Holocene (most likely c. 55002350 BC) there are too few
data points to suggest a driver of the decrease, and still less to attribute any potential
changes in uvial style to it. As such it is impossible to highlight any correspondence
between the landscape changes and the archaeological record, in which the Mature
Harappan culture emerged, centred around the site of Mohenjo-Daro in the Lower Indus
Valley c. 2500 BC (Fig. 2.9).

2.5

Synthesis

Overall, the review of the mid-Holocene environmental evolution of the settings
considered here has shown that the theoretical model presented at the start of the
chapter is broadly applicable in understanding the overall mid-Holocene landscape
development of these regions, although the review has also highlighted dierences
between the areas. In Lower Mesopotamia and the Lower Indus Valley, a decrease in
aggradation rates through time is clearly observed. This is not seen in the Huang He, a
system with exceptional sediment supply dynamics. The mid-Holocene LSC environment
is also clearly observed as having persisted under fast rates of aggradation in both Lower
Mesopotamia prior to c. 25001000 BC and the Lower Huang He perhaps prior to c.
25002000 BC. There are not enough data to reconstruct the mid-Holocene landscapes of
the Lower Indus Valley. In Lower Mesopotamia it seems as if the disappearance of the
LSC environment could plausibly have been driven by a natural decrease in aggradation
rates in response to decreased rates of sea-level rise; in the Huang He system its
disappearance is instead likely due to increased human inuence in the catchment. In
both these regions, which clearly show large amounts of human inuence on the
landscapes, it can be dicult to deconvolve anthropogenic eects from more natural
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changes.
The landscape reconstructions are substantially hampered by a lack of accessible
chronostratigraphic and sedimentary data. This problem is not quite so acute for the
Nile, and as such it is this landscape setting which forms a case study comprising most of
the rest of this thesis. In the following four chapters a complete four-dimensional model
is developed for the Nile Delta, providing the most up-to-date model of its mid-Holocene
landscape evolution, and a much better picture of the palaeoenvironmental context for
the emergence of the Ancient Egyptian state than is possible for the other settings.
There does appear to be some degree of temporal correspondence between the
disappearance of the LSC environment and both an increase in the scale of agriculture
and a shift in political authority to the apex of the distributary network within Lower
Mesopotamia and North China. Whether there can be any causal relationships between
the landscape changes and such developments is explored for the Nile system in chapter
8, and reected upon for the other settings in chapter 9.

Chapter 3

Previous sedimentary work in the
Holocene Nile Delta
3.1

Introduction

This chapter and the subsequent four focus on providing a series of mid-Holocene
palaeolandscape reconstructions of the Nile Delta (Pennington et al., 2017). Amongst
the environmental settings studied in this thesis, the Nile Delta is the one for which most
data are accessible.

3.1.1

Geomorphological setting

The Nile Delta is an alluvial plain in the north of Egypt formed by the river Nile (Fig.
3.1) and constitutes by far the largest continuous expanse of agricultural land in the
country. Bounded by the Sahara (Libyan) desert to its west; the Eastern (Arabian)
desert and the Sinai peninsula to its east, its apex is near Cairo, where the river today
divides into two main distributaries: the Rosetta and Damietta, which discharge over the
triangular-shaped alluvial plain and ow north into the Mediterranean. Many more
distributaries existed in historical times (Butzer, 2002).
The basic geology of this alluvial plain is fairly simple. The Holocene deposits are mainly
represented by a thin veneer of predominantly silty sediments of the Bilqas Formation,
which lie unconformably on top of the thick, predominantly sandy Mit Ghamr Formation
(Rizzini et al., 1978), whose top surface forms the erosion remnants of a buried alluvial
landscape formed under a dierent hydrological regime (Adamson et al., 1980; Stanley
and Warne, 1993a). Some of these remnants protrude above the modern delta surface as
sandy hills, known as turtlebacks, or gezira (Baker, 1886; Judd, 1897).
The present-day tectonic regime of the area is driven by a stress eld aligned such that

σ1

is EW or NESW and

σ3

is NS (Bosworth, 2008; Hussein et al., 2013; Tingay et al.,
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Figure 3.1: Map of the Nile Delta (SRTM data) showing places referred to in the text.

The locations of ancient river branches are after Bietak (1975) and Butzer (2002). The
extent of maximum transgression is as given by Stanley and Warne (1993a).

2011). As a result, broadly east-west normal faulting predominates, probably
reactivating older EW to WNWESE structural trends related to the Suez rift. At the
coastal margins and further oshore, Plio-Pleistocene normal fault structures form
trends parallel to the delta margin (Abd-Allah et al., 2012; Abd el Aal et al., 1994;
Hussein and Abd-Allah, 2001), most likely driven by sedimentary overburden and
gravitational collapse.

The Mediterranean fringe of the delta was historically composed of large coastal lagoons,
although modern land reclamation has limited their size. The plain is densely populated
and intensively farmed with wheat, rice, maize, beans, clover (for fodder) and other
crops such that little natural vegetation remains (Zahran and Willis, 2009). The local
climate is hot, there is only approx. 25mm rainfall per year, and thus almost all the
water inux to the delta is provided by the river Nile. This river displays pronounced
seasonality, a situation related to the diering catchments of its three main tributaries,
whose conuences are all much further south in Sudan. The Blue Nile and Atbara drain
the Ethiopian Highlands and provide the majority of the Nile's annual discharge (56%
and 14% respectively) and sediment ux (61% and 35%), primarily during the Nile ood
between July and October, which is driven by rainfall associated with the East African
Monsoon (Woodward et al., 2015). The White Nile, draining Central Africa, provides
year round discharge (30% of the annual total), displays little seasonality to its ow but
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only accounts for 3% of the sediment ux (Woodward et al., 2015). Since the damming
of the river at Aswan in 18981902 and 19601970, the Nile through Egypt has not
ooded, and has also been starved of 95% of its sediments (Stanley and Warne, 1998).

3.1.2

Palaeolandscape reconstruction

While a large amount of research has been undertaken on the Pleistocene and earlier
history of the region, mainly as a result of oil exploration (Abu El-Ella, 1990; Rizzini

et al., 1978; Said, 1981, 1971; Schlumberger, 1995), the Holocene landscape evolution of
the area remains quite poorly understood in comparison with the rest of the Nile system.
In the upper catchment of the White Nile (Cockerton et al., 2015); Blue Nile (Marshall

et al., 2011); at the Nile conuence (Williams et al., 2015) and especially through the
Egypt-Sudan desert reach (Honegger and Williams, 2015; Macklin et al., 2013;
Vermeersch and Van Neer, 2015; Woodward et al., 2015, 2001); much recent work has
informed on Holocene landscape succession, relationships between the changing
landscape and human settlement & culture, and the varying roles of climatic and other
drivers of change in eecting these changes. Research from the oshore delta within a
Quaternary Science framework (Blanchet et al., 2015; Hennekam et al., 2015; Revel

et al., 2015) has also shed light on the evolution of the overall Nile system.
Over the past century there have been various eorts to provide overall syntheses for the
Holocene landscape evolution of the delta (Bietak, 1975; Butzer, 2002, 1976, 1974;
Fourtau, 1915; Hassan, 1997; Said, 1992; Sandford and Arkell, 1939; Stanley and Warne,
1993a,b), but it is only the evolution of the coastal margin that is understood to a level
comparable with the rest of the Nile system (Stanley and Warne, 1993a). The Holocene
evolution of the extensive uvial plain is understood much more poorly. This is
surprising, given the region's importance in hosting part of the formative period of the
world's rst nation state of Ancient Egypt, and its modern-day criticality for the nation
of Egypt, containing half of the country's agricultural land and population. A better
understanding of the Holocene evolution of this area, south of the zone dominated by
coastal processes  is urgently needed.
The most recent landscape synthesis of the region (Butzer, 2002) relied solely on
lithostratigraphic and chronostratigraphic data collected prior to 1991. Since that time,
and especially over the past ten years, numerous teams have carried out geological and
geoarchaeological research in the delta, providing a wealth of data to inform on the
development of the landscape, none of which has ever been integrated into a delta-wide
Holocene landscape synthesis.
Before attempting to understand any links between the landscape evolution of this area
and contemporaneous social trajectories, it is clearly necessary to fully update this
synthesis (Butzer, 2002), in order to produce the most up-to-date model of the
palaeolandscape evolution of the region. That is exactly what this section of the thesis
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(chapters 3, 4, 5, 6 & 7) seeks to do. This is achieved by: i) a full reinterpretation of the
lithostratigraphic information within all boreholes whose data have been made public; ii)
a series of eld coring campaigns in various regions of the western delta to provide
corroborative and further data; and iii) three-dimensional deposit modelling and
four-dimensional aggradation modelling of the sedimentological information in order to
inform on the nature and history of the evolving landscapes.

As such, the rst chapter in this section (chapter 3) outlines the ndings and conclusions
of previous sedimentological work that has been carried out in the Nile Delta over the
last 130 years. The second chapter (chapter 4) discusses new sedimentological eldwork
carried out as part of the scheme of work, which adds to the corpus of research on the
landscapes of the delta and sheds light on the landscape evolution of a number of areas.
Third, chapter 5 critically evaluates the sedimentological datasets in order to produce a
generalised lithostratigraphic column for the Holocene sediments. All the individual
lithostratigraphic records from the available boreholes (1640) are then input into a single
delta-wide database, and the magnitude and range of errors involved in doing so is
discussed. Then, chapter 6 seeks to understand how the three-dimensional architecture
of these deposits can inform further on the nature of the previous landscapes which they
represent. This is accomplished through the construction of a series of deposit models at
a range of spatial scales. Finally, chapter 7 integrates the time dimension into these 3D
models, using chronostratigraphic controls to provide a history for the evolving
landscape changes as well as an aggradation history for the region.

In all cases, literature cited and discussed is that which pertains to the sedimentology of
the overall Holocene deposits. Various other surveys using remote sensing and
geophysical techniques  predominantly electrical resistivity soundings  have also been
undertaken, but in order to maintain integrity of the sedimentological model (the the
tradeo being a reduction in the number of data points) only those data which can be
readily correlated on the basis of their geological characteristics are included.

The thesis focusses on the time period c. 6000 to 2500 BC, as this covers the period of
greatest geomorphological change, during which sea-level was approaching its
modern-day position (Lambeck et al., 2014), and the modern Nile hydroclimatic system
was being established, as the African Humid Period gave way to more arid conditions
(Shanahan et al., 2015). This was also a time period without substantial human factors
contributing to and complicating the remodelling of the deltaic landscapes, but is an
episode crucial for understanding the palaeoenvironmental context of Ancient Egyptian
state formation. As such, sediments collected from only very shallow depths and thus
time periods younger than this are not discussed. Furthermore, while other syntheses
have focussed jointly on the evolution of the coastal zone and the uvial zone, this thesis
aims to focus more specically on the evolution of the much more poorly-understood
uvial zone. Nevertheless, it is still instructive to rst attempt a brief review of the work
undertaken in the coastal zone.
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Previous research in the coastal zone

The evolution of the Nile Delta's coastal region is not the focus of the current study
since it is already fairly well understood, mainly as a result of a programme of focussed
work carried out by the Smithsonian Institution in the late 1980s and early 1990s.
Building on previous research in the coastal area (Anwar et al., 1984; Attia, 1954;
El-Askary and Frihy, 1986; El-Azkary and Frihy, 1984; El-Fayoumy et al., 1975;
El-Shazly et al., 1975; Said, 1981; Sestini, 1976; Sneh et al., 1986; Suez Canal Authority,
1978; UNDP/UNESCO, 1978; Weir et al., 1975), the Smithsonian's Mediterranean Basin
(MEDIBA) survey instigated a programme of deep coring along the coastal fringe of the
delta, collecting 87 cores of 2060m in length, 358 radiocarbon dates and a wealth of
lithostratigraphic information (Stanley et al., 1996). Studies of these cores have provided
valuable contributions to the understanding of the landscape development of the coastal
zone, and the timing of progradation and retrogradation (Arbouille and Stanley, 1991;
Chen et al., 1992; Coutellier and Stanley, 1987; Stanley et al., 1992; Stanley and Warne,
1993a; Warne and Stanley, 1993b), as summarised in Fig. 3.2. This work has been built
upon by more recent studies of the Holocene deposits undertaken within a Quaternary
science framework (Flaux, 2012; Flaux et al., 2013, 2011; Marriner et al., 2013, 2012);
through geoarchaeological investigations at specic archaeological sites (Ghazala and
El-Shahat, 2005; Moshier and El-Kalani, 2008; Wilson, 2011, 2010; Wilson and
Grigoropoulos, 2009); and as a result of isolated geological and geotechnical surveys
(El-Shahat et al., 1999; Pelli and Carletti, 1998).

The general sedimentary sequence recovered from this coastal region is relatively simple
(Fig. 3.3). At the base of the section are Late Pleistocene iron-stained quartz-rich sands
and sti muds  Sequence I Deposits (Stanley and Warne, 1993a). Unconformably
above these deposits in most areas lie quartz-rich sands with an abundant shallow
marine fauna referred to as Sequence II Deposits, or transgressive sands. Above this
is another depositional hiatus followed by a variety of lithologies which together comprise
Sequence III Deposits.

The predominantly sandy Sequence I Deposits at the base are interpreted as
representing terrestrial sedimentation on a partially vegetated braided river-plain
(Stanley and Warne, 1993a), with the sti muds hosted within the unit recording
overbank oodplain deposits (Chen and Stanley, 1993), or sometimes sabkha deposition
within local depressions. These sediments are dated to c. 3812 ka (Butzer, 2002), a
time when the coastline was located signicantly further north than its current position
(Summerhayes et al., 1978). A series of possible uvial terraces within the sequence
(Butzer, 2002; Chen and Stanley, 1993) potentially came about as a result of progressive
incision due to base-level lowering into the LGM (Last Glacial Maximum), and the
formation of a relic topography, which later became the turtlebacks of modern times.
The deposits are correlated regionally as the Mit Ghamr Formation.
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survey. After Stanley and Warne (1998).

Overlying Sequence I sediments of the Mit Ghamr Formation, the sediments of
Sequence II record the mid-Holocene transgression, and date from prior to c. 6000 BC
(Stanley and Warne, 1993a). This unit of transgressive sands results from reworking of
the earlier sediments of the Mit Ghamr Formation within a nearshore marine setting by
waves and currents, and the incorporation of a littoral fauna during the process (Stanley
and Warne, 1993a). The spatial distribution of this transgressive sand thus
approximates the extent of the marine transgression, which was signicantly more
extensive in the east (Fig. 3.2), where the shoreline migrated to 4050km inland of its
present position (Coutellier and Stanley, 1987). Much of the region south of the current
delta margin was probably undergoing erosion at this time (Warne and Stanley, 1993b),
which accounts for the question marks in the relevant panel on Fig. 3.2, indicating the
uncertain positions of rivers. An unconformity surface at the top of this unit is thought
to result from shoreface erosion (Stanley et al., 1992).
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Finally, the variety of lithologies represented in the deposits of Sequence III, dating
from c. 5500 BC onwards, variously record Holocene deltaic deposits from a range of
environments: marine, semiterrestrial, coastal, estuarine, lagoonal and in some cases
uvial. They document the onset of delta lobing (Coutellier and Stanley, 1987), the
overall progradation of the Holocene shoreline c. 5500500 BC (Coutellier and Stanley,
1987), the transition from a river-dominated cuspate delta to a wave dominated arcuate
delta c. 2500 BC  AD 0 (Stanley and Warne, 1993a), the changing positions and
discharges of major river channels (Arbouille and Stanley, 1991; Coutellier and Stanley,
1987), and the evolving distributions of various environments within the coastal zone
(Fig. 3.2).

3.3

Previous research in the uvial zone

In contrast to the coastal zone, the evolution of the uvially-dominated region of the Nile
Delta is signicantly less well-understood. This is, however, not necessarily for a lack of
data. There are a large number of geological boreholes from the region (>∼3m deep)
that have been undertaken since the nineteenth century, many of which have been
carried out since 1991 and thus were not included in the most recent synthesis of the
delta's evolution (Butzer, 2002). This section summarises the available and published
relevant sedimentary borehole work that has been undertaken to date in the area. Some
of these surveys have been undertaken within a geological framework; others as
supplements to archaeological research. Isolated studies have also been undertaken and
published from within the disciplines of hydrology and engineering. A map of the survey
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locations and the boreholes undertaken is provided as Fig. 3.4, while summary
cross-sections produced as a result of many of the surveys are provided in Fig. 3.5. For
the purposes of the current study the uvial zone of the delta is taken to encompass
the region north of Cairo, and south of the coastal lagoons. Studies of the numerous
boreholes undertaken within Cairo itself (Attia, 1954; Jereys, 2006; Said and Yousri,
1968) are the recent focus of other workers (Gonçalves, 2015).
The available geological information that can be ascertained from the records is of
varying quality, and is usually limited to basic sedimentological eld descriptions. A lack
of research focus, coupled with (and partly as a result of ) restrictions on the export of
material from the country and a dicult bureaucratic environment have meant that even
basic laboratory analyses, such as LOI, magnetic susceptibility and heavy-mineral
analysis, are not standard practice, and no published cores from this uvial region have
been studied with XRF or XRD techniques, nor with stable isotope analysis.

3.3.1

Regional borehole surveys

Survey of Egypt and Other Early Records: In 1954, the Survey of Egypt (SOE)
re-analysed and published the sedimentary records of all cores stored at the Cairo
Geological Museum and which had been collected between 1883 and 1948 (Attia, 1954);
they also re-published records of other relevant boreholes which had previously been
made available elsewhere (see for example Judd (1897, 1885)). These boreholes had been
undertaken for a wide variety of purposes: some for academic research, others for
obtaining drinking water, others as a result of preliminary engineering studies for
infrastructure projects. The data recorded and published were limited to basic
lithological descriptions of the units encountered, although the depth to diluvial
deposits was also given. These diluvial deposits are in most cases a part of the Mit
Ghamr Formation, although in the cores closer to the coastal area they could also have
been confused with transgressive sands or various coastal sediments. A small number of
further boreholes undertaken prior to 1948 were missed in the compilation but were
included in a publication by Fourtau (1915). The data from these records were used in
the rst modern synthesis of Nile Delta geoarchaeology by Butzer (1974).

Relevant MEDIBA cores: Whilst the MEDIBA survey, discussed in section 3.2, focussed
predominantly on the evolution of the coastal zone, two of the cores drilled (S86 and
S87) were collected from a purely uvial domain for comparison. Other cores in the
MEDIBA survey, especially those further to the south, probably also encountered
uvially-dominated (oodplain) Holocene facies within their sequence, notably: S4, S5,
S6, S7, S9, S23, S24, S26, S32, S37, S38, S39, S44, S54, S55, and S66 (Arbouille and
Stanley, 1991; Chen et al., 1992; Coutellier and Stanley, 1987; Stanley et al., 1996, 1992).

Amsterdam University Survey Expedition to the Nile Delta (AUSE): The Amsterdam
University Survey Expedition to the Nile Delta was set up in the mid-late 1980s to
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21) Kom el-

Khilgan/Tell es-Samara. 22) Kom Firin. Most of the other cores shown were published
by the Survey of Egypt.

illuminate the dynamic environmental backdrop for a major study of ancient settlement
undertaken in the eastern delta led by Edwin van den Brink (van den Brink, 1988;
van den Brink et al., 1987). This palaeogeographic study involved the drilling of a large
2

number of hand-augers over four eld seasons within a large (900km ) area in the eastern
delta, and included six radiocarbon dates (de Wit, 1993; de Wit and van Stralen,
1988a,b; Sewuster and van Wesemael, 1987; van Wesemael and Dirksz, 1986). The study
proposed a threefold division of the Holocene (Bilqas) sediments into Nile 1a, Nile 1b
and Nile 2 series overlying Pre-Nile sands of the Mit Ghamr Formation. Only
representative cross-sections and a representative log were published from the data (see
Fig. 3.5), but the results are remodelled in three dimensions in the current project
(sections 6.3.1, 6.3.2). Some degree of correlation was attempted to match the
Quaternary stratigraphy of the delta to that of the Nile Valley and the Fayum Oasis
(de Wit and Pawlikowski, 1992), but this line of enquiry was unfortunately interrupted
by the death of Huib de Wit.

Mansoura University Western Delta Survey (MUWDS): In the western delta between
Itay-el Barud and Damanhour, El-Awady (2009) undertook a regional borehole survey
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with a geological focus, drilling 12 cores 1020.5m deep down to the Mit Ghamr
formation. In the results the Holocene deposits were divided in two. The lower of the
two units was dened as Holocene humic mud, while the upper portion of the cores was
referred to as Holocene overbank mud. Beneath these units a further deposit was often
encountered: Holocene aeolian ne sand, before the cores terminated in Pleistocene
uvial sand. A cross-section of the results of this survey is provided in Fig. 3.5;
remodelling of the data contained within the survey was also undertaken within the
current project and is discussed in section 6.3.3.

Western Delta Regional Survey (WDRS): During the 2000s, Penelope Wilson, the
University of Mansoura, the EES (Egypt Exploration Society) and the University of
Durham carried out a number of hand auger transects across various areas of the western
delta as part of the Western Delta Regional Survey (Wilson, 2007). Details of 13 cores
were published, and Penny Wilson kindly allowed me access to the data contained within
another 31. This study was mainly carried out in order to investigate the possibility of
archaeological sites relative to the... Canopic branch (the westernmost of the major
ancient Nile distributaries) and from a landscape perspective mainly served to delineate
its historical position, and dierentiate between levee, backswamp and channel deposits
along its course. This study also served to inform on the location of a number of other
minor channels. Further augers were carried out around a large number of archaeological
sites as part of a wide survey of tell sites (ancient settlement mounds formed of
accumulated cultural deposits) in the northwestern delta (Wilson and Grigoropoulos,
2009), but these were located within the coastal area.

Western Delta Landscape Project (WDLP): In 2007, approximately 70 hand-augers were
drilled as part of the Western Delta Landscape Project on the extreme western edge of
the delta (Trampier, 2014; Trampier et al., 2013). This study was centred on a number
of tell sites; both lithological cross-sections through the sites and geogenetic
stratigraphic interpretations of these cross-sections were made available. Sediments were
grouped together into: Pleistocene uvial, Fluvial Bed/Levee and Fluvial distil
units (dierentiated through variations in grain-size over the oodplain), as well as
Eolian and Anthropogenic sediments. Remodelling of the data contained within this
project is discussed in section 6.3.5.

Buto Regional Survey (BRS): Over the past thirty years, numerous hand-auger and
motorised-auger surveys have been carried out in a large region of the northern Nile
Delta, centred on the archaeological site of Buto. While some of these surveys have
focussed on resolving settlement levels on the gezira (Hartung, 2008; von der Way, 1997,
p. 42), many more have informed on the landscape development of the hinterland
(Andres and Wunderlich, 1986; Schiestl, 2012b, 2010; Schiestl and Ginau, 2015; Schiestl

et al., 2014; Wunderlich, 1993, 1989, 1988; Wunderlich and Andres, 1991; Wunderlich
et al., 1989). Twenty-one radiocarbon dates were collected on plant fossils, while three
more were taken from a calcareous horizon. These hinterland studies found deposits that
were interpreted as being of Pleistocene age overlain either by peat, redeposited aeolian
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sand (gezirasande), or humic muds. Above all these units existed Nile muds which
variously comprised silt and clay, with some interbedded ne and medium/coarse sands,
as well as channel-ll deposits (Fig. 3.5). Remodelling of the data from this survey is
discussed in section 6.3.4.

3.3.2

Surveys around archaeological sites

In addition to the more regional surveys, which in general sought to understand the
landscape development of large areas of the Nile Delta plain, numerous geoarchaeological
studies have been carried out in the immediate hinterland of a large number of
archaeological sites, and serve to inform on the landscape evolution of more localised
areas of the delta.

Minshat Abu Omar (MAO): Seventy-ve boreholes were drilled around the
archaeological site of Minshat Abu Omar using a motor-driven gouge auger in the late
1980s (Andres and Wunderlich, 1992, 1991; Krzyzaniak, 1993, 1992). The site was found
to rest upon a turtleback made up of Pleistocene sands which protruded above the
surface in isolated locations, but in most of the area lay some 8m below the delta plain.
(Fig. 3.5). Unconformably resting upon these sands lay the Bilqas Formation, and the
survey split these deposits into two units, an upper and a lower unit. In addition to these
two divisions of the Bilqas Formation that represent the hinterland geology, there were
also two fan-like bodies of sandy mud that were observed to protrude laterally from the
gezira, the lower one of which included Predynastic remains (Andres and Wunderlich,
1992), and the other New Kingdom pottery. It seems that the upper fan may occur
within the upper mud, and the lower fan near the top of the lower mud. Beneath the
Pleistocene sands the project found light grey clay deposits... with interbedded sandy
layers, and the project also interpreted a channel ll deposit to the south of the tell.
Eight radiocarbon dates were collected in the survey, ve of which were from stratied
layers within the hinterland geology, while the other three were on channel ll deposits
or from the surface of the gezira.

Tell Ibrahim Awad, Tell Gherier and Tell el-Iswid S: As an adjunct to the more regional
AUSE project, a number of targeted fairly shallow borings were drilled at a number of
tell sites within the region (Sewuster and van Wesemael, 1987): 13 at Tell Gherier; 18
at Tell Ibrahim Awad and 49 at Tell el-Iswid S. The authors divided the deposits
encountered in four: settlement debris, Pleistocene sand, ood basin and
levee/point bar. The data contained within these cores are remodelled within the
current project in combination with those from the AUSE project, in section 6.3.2.

Kom el-Hisn: Fifty-four hand-augers up to 6m deep and 5 small trenches were sunk at
the site of Kom el-Hisn in 1984 and 1986 (Buck, 2016, 1990; Hamroush, 1987; Wenke

et al., 1988). The survey divided the deposits into four: Gezira, Consolidated Gezira,
Nile Mud and Midden. The Midden was the archaeological deposits of the Old
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Figure 3.5: Summary cross-sections of previous localised geoarchaeological/geological

surveys in the Nile Delta, reinterpreted within the stratigraphic divisions of the current
synthesis. a) Minshat Abu Omar, adapted from Andres and Wunderlich (1992); b) BRS,
adapted from Hamdan (2003); c) Quesna, adapted from Rowland and Hamdan (2012);
d) Sais, adapted from El-Shahat et al. (2005); e) Kafr Hassan Dawood, adapted from
Hamdan (2003); f ) MUWDS, adapted from El-Awady (2009). g) AUSE project, adapted
from Andres and Wunderlich (1992). The names of the units given in quotation marks
are those from the published literature; the key shows their reinterpretation within the
framework of the current synthesis (see chapter 5).

Kingdom settlement. A further 15 augers were undertaken at the site much later as part
of the Western Delta Landscape Project (section 3.3.1) which were published within the
stratigraphic framework of that survey; a further 24 cores were undertaken by Kirby

et al. (1998) but these were drilled with a primarily archaeological focus and do not
inform on the hinterland geology.

Quesna and the Minuyeh Archaeological Survey (MAS): Rowland and Hamdan (2012)
conducted a geological survey of the sediments around the site of Quesna in the southern
delta as part of ongoing archaeological investigation of the site. Nine mechanised
boreholes were drilled to a depth of 610m, the sediments from which were analysed in
the laboratory in terms of their basic lithological characteristics. A geological section was
also undertaken within the tell stratigraphy and a large number of hand augers were
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also drilled. The survey divided the deposits into ve. The Pleistocene sands of the
underlying gezira made up the lowermost of the units (Unit 1), while the Holocene
section was split into four. The upper three of these units are able to be grouped
together; a representative cross section is provided on Fig. 3.5. Boreholes were also
undertaken at a number of other locations in the region as part of a wider survey of tell
sites in the area (Rowland, 2007; Rowland et al., 2009): the full core records were very
kindly provided to the author by Jo Rowland.

Sais: As part of the EES investigations at Sais in the central delta, El-Shahat et al.
(2005) conducted a series of nine deep (up to 23m) borings close to the archaeology. This
was in addition to over 270 hand augers also undertaken at and around the site over the
course of over ten years of investigation; the details of 111 have been published (Wilson,
2006a,b; Wilson et al., 2014), and Penelope Wilson kindly allowed me access to the data
in another 163. These studies divided the deposits into exactly the same four divisions as
the MUWDS. A representative section is displayed on Fig. 3.5, and the data are
remodelled in section 6.3.6.

Kafr Hassan Dawood (KHD): Kafr Hassan Dawood, in the Wadi Tumilat, was the
subject of a geological investigation by Hamdan (2003). 28 mechanical cores as well as 20
hand augerings were drilled around the site, and several pits were also dug. The survey
divided the Holocene deposits overlying the basal sands in two, with the units separated
by a sandy fan protruding from the south. Close to the desert edge the entire sequence
was also overlain by a modern deposit of aeolian sand. No borehole logs were published,
although a representative section through the deposits was provided (Fig. 3.5).

c
c
Tell ed-Dab a: The geoarchaeology of Tell ed-Dab a, the ancient harbour settlement of
Avaris, has been comprehensively studied, and approximately 60 cores >5m deep have
been undertaken, of which details of 22 have been published thus far, along with ve OSL
dates and a single radiocarbon date (Bietak, 1975; Dorner, 1999, 1994; El-Beialy et al.,
2001; Tronchère et al., 2012, 2009). Unfortunately no cores are located far enough from
the archaeological site and the former Pelusiac branch of the Nile to give a representative
stratigraphy through the hinterland geology, although many cores do encounter the
Pleistocene Substratum and can be used to provide a local picture of the spatial
variation of its uneven top surface. There is also a suggestion that there might be a layer
of reworked aeolian/uvial material overlying the Pleistocene sediments (Tronchère

et al., 2012, layer C), deposited before the Pelusiac branch was present in the area.
Other sites: Most other auger surveys that have been undertaken as part of
geoarchaeological work have been primarily focussed on either delimiting dierent
occupation layers within archaeologically stratied site contexts, or establishing the areal
extent of archaeological remains. Due to the nature of this work, which has necessarily
targeted the archaeology rather than the hinterland geology, most of these surveys have
more limited (although still some) use in appreciating bulk changes in the uvial
environment over an extended period of time. A summary of these surveys is presented
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in Table 3.1.

3.3.3

Municipal and other isolated individual boreholes

Lithological data from boreholes collected by the Research Institute for Groundwater, as
well as the Education Building Authority have also been made available in a variety of
publications (El-Awady, 2009; El-Mahmoudi and Gabr, 2009; El-Mahmoudi et al., 2005;
El-Shahat et al., 2005, 1999; Hamroush, 1987), as well as by the Research Institute for
Groundwater directly (RIGW, 1985). Many of these publications have otherwise mainly
focussed on obtaining sedimentological proxy data from vertical electric soundings.
Isolated individual boreholes in the delta have also been drilled and published by Zalat
(1995) and Said (1981, pp. 110111).

3.4

Summary

Overall, this brief review has served to provide an overview of the state of research into
the Holocene deposits of the Nile Delta. There has been a large amount of work
undertaken in the coastal zone, and as such the corresponding Holocene landscapes of
this area are relatively well-known. Much less is known about the Holocene
environmental evolution of the uvial zone further south. However, as this chapter has
demonstrated, this is not necessarily for a lack of sedimentary data. Over the past
century numerous geological and geoarchaeological surveys have been undertaken in this
area, each of which provides a perspective on the history of the local environment. Many
of these have never been integrated into a regional synthesis of the delta's history.
The available data, however, is of very varying quality, and there are clear spatial biases.
There are some regions  especially the eastern delta  about which lots is known, and
others where there are signicantly fewer data points. In comparison with some other
world delta systems, the overall state of research is in its relative infancy. As such, the
collection of further sedimentological data through eldwork is an imperative.

Table 3.1: Details of minor coring surveys around archaeological sites

Site

References

Tell el-Farkha

Pawlikowski (2006); Pawlikowski and Wasilewski (2012)

Tell el-Iswid S

Tristant et al. (2011)

Kom el-Khilgan & Tell es-Samara

Tristant (2006); Tristant and De Dapper (2009),
Tristant et al. (2008, 2007)

Kom Firin

Hughes (2008); Spencer (2007)

Tell el-Muqdam

Redmount and Friedman (1997)

Chapter 4

New geological eldwork in the
western Nile Delta
4.1

Introduction

The Holocene sediments of the Nile Delta are not as well-understood as those of some
other world delta systems. As such, relatively modest programmes of targeted eldwork
can provide signicant contributions to further our understanding the delta's recent
geological evolution. Thus, within the overall scheme of research into landscape
succession within the Holocene delta, geological (geoarchaeological) eldwork was carried
out around three archaeological sites in the western delta: Kom al-Ahmer/Kom Wasit
(KA/KW), Tell Mutubis, and Kom Geif (Fig. 4.1). The aims of this research were
twofold: rst, to provide lithostratigraphic and chronostratigraphic data to inform on the
nature of the Holocene delta's evolution; second, to provide geoarchaeological
perspectives on the history of the environments at the site-specic scale of archaeological
investigation. It was initially hoped that the eldwork would also have involved a
programme of geological coring in the central delta, with sediments exported to the UK
and analysed using a variety of laboratory techniques (including radiocarbon dating),
but political complications unfortunately eventually prevented this.
After outlining the methods employed at each site (section 4.2), this chapter presents
and discusses the results of the eldwork at each location (sections 4.3 to 4.5). Within
these sections, chronostratigraphic information on the aggradation history of the
Holocene deltaic deposits is discussed within sections 4.3.5, 4.4.4 and 4.5.11. Finally, a
discussion (section 4.6) compares and contrasts the sediments seen at each site, and
relates them to work done elsewhere in the delta.
All eldwork is necessarily (and importantly) collaborative. The three dierent eldwork
programmes presented in this chapter were carried out as part of ongoing archaeological
projects by the Italian-Egyptian Archaeological Center/University of Padua (KA/KW);
55
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the University of Durham (Tell Mutubis) and the British Museum (Kom Geif ), under
the auspices of the Ministry of State for Antiquites in Egypt. All these organisations, the
Egypt Exploration Society (EES) and some people in particular (see page xix of this
thesis) are very gratefully thanked for their major involvement in the planning of the
work, some of its funding, and for ongoing logistical support. Furthermore, in this
chapter some specic data discussed are also the product of work accomplished jointly, or
by others. The eorts of those others are also very gratefully acknowledged on page xix.

4.2

Methodology

The methodology employed at each site was identical: an Edelman-style (Eijkelkamp)
hand auger was used to recover sediments from the subsurface down to a depth of 9.25m,
which were analysed and recorded immediately in the eld; the evolution of the
palaeo-landscape was then established through the description and analysis of the
reconstructed sedimentary sequences. Ceramic material recovered was removed from the
sediments and studied separately by specialists in order to provide a chronology for the
deposition of the sedimentary layers. Due to regulations prohibiting the transport of
material away from the archaeological sites, all analyses had to be carried out in the eld
on the day the sediment samples were recovered, and no laboratory techniques were able
to be utilised.
At Kom al-Ahmer/Kom Wasit, 17 augerings were undertaken to an average depth of
6.7m, 13 of which are located near Kom al-Ahmer, and four at Kom Wasit. Cores were
located along transects perpendicular to the regional geological trend at an approximate
spacing of 100m. The locations of the coring points are shown on Fig. 4.2 and in Table
4.2; they were surveyed using a total station and handheld GPS. Their vertical elevations
were transformed from the local datum used by the archaeological mission at the site
into the Survey of Egypt datum through a comparison with Survey of Egypt maps. At

Tell Mutubis, 25 cores were drilled to an average depth of 4.9m. These were located
along a number of broadly east-west transects perpendicular to the regional geology;
their locations are presented on Fig. 4.5 and in Table 4.3. Their positions were surveyed
using a total station and handheld GPS; their vertical elevations were transformed from
the local datum used by the archaeological mission at the site into the Survey of Egypt
datum through a comparison with Survey of Egypt maps. At Kom Geif, 49 augerings
were undertaken to an average depth of 6.6m, complementing a further 13 cores drilled
at the site in prior surveys (Coulson, 1996; Leonard, 1997; Villas, 1996). Cores were
located broadly along four transects: two east-west transects through the site; one
north-south transect through the site; and one longer east-west transect to the far east of
the site (Fig. 4.8 and Table 4.4). The locations of the points were surveyed using either
a total station and handheld GPS, or using RTK-DGPS. All cores were located relative
to the WGS-84 ellipsoid using RINEX data to an accuracy of 3.7cm (Thomas and
Villing, 2013), and their elevations transformed to orthometric heights using the
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EGM2008 global geoid model (Pavlis et al., 2012) by subtracting 14.7789m from the
WGS-84 ellipsoid heights. The locations of previous authors' boreholes at the site were
georeferenced as described by Pennington and Thomas (2016).
Local workmen were trained and employed to drill the boreholes. To recover each
individual sedimentary sample, after drilling down approx. 15cm, the portion of the
auger remaining above the ground surface was measured with a tape. Given that the
total length of the auger was also known, the depth of the head below the surface (and
thus the recovered sediments) could then be established to an accuracy of approx. 2cm.
After bringing up the auger, the recovered sediment was then carefully removed from the
auger head with a knife so as to not destroy sedimentary features; the way up of the core
was marked; and it was placed in a clean plastic tray for immediate destructive analysis
and description. Whilst the sediments were being described, drilling could continue down
the hole further. Each core attempted to reach a depth of about 89m; in places,
however, the presence of extensive deposits of well-sorted ne sands beneath the water
table impeded progress to this depth; other cores were stopped at shallower depths by
the presence of impassable archaeological debris.
The sediment was recorded in the eld in terms of its basic geological characteristics:
grain-size, texture, sorting, clast percentage and composition, organic content and form,
colour, and mineralogy where appropriate. Grain-size was assessed according to the
Wentworth grade scale (Wentworth, 1922) using a hand lens and grain-size comparator,
1

or (for silt and clay grade material) by feeling it between the teeth . The overall texture
was recorded using USGS nomenclature (USDA, 1987, p. 9), and the degree of sorting
was estimated. The percentage of each species of clast signicantly larger than the
modal grain-size (such as pottery, limestone, slag, rhizoconcretions, etc.) was estimated,
as was the amount of organic matter distinct from the sedimentary matrix (such as black
alteration or woody material). The colour of the deposits was estimated using a Munsell
soil colour chart. A general description of the sediment was also made, and the
mineralogy (if identiable) noted.
Fragments of pottery signicantly larger than the modal grain-size located within the
sediments were removed from the deposits and bagged separately. Great care was taken
to remove only those sherds that were located within the sediments sampled from the
bottom of the hole and not those that could have fallen into the hole, or stuck to the
outside of the auger whilst it was being removed from the ground. The recovered sherds
were then analysed in terms of their form and fabric by specialists (see page xix) such
that an age-range could be suggested. Of the 1344 fragments collected and studied in
this way, 811 were diagnostic to some degree and proved useful in determining a
chronology for the deposition of the sedimentary layers. This pottery dates from the rst
millennia BC and AD; a table showing the chronological periods of Egypt at this time is
provided below (Table 4.1).

1

This method yields 90% accuracy when tested against laboratory sieving and hydrometer methods

(Burge and Smith, 1999, p. 116)
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Figure 4.1: Locations of sites at which primary eldwork was carried out. The black

boxes on the whole-delta schematic indicate the locations of Maps 13, containing the
sites Kom al-Ahmer/Kom Wasit, Kom Geif and Tell Mutubis, around which eldwork
was undertaken. The dotted lines indicate positions of crop-marks that can suggest the
potential presence of a palaeo-channel (see text).

Table 4.1: Chronology of the later periods of Ancient Egypt.

4.3

Period

Dates

Islamic Period

AD 6411517

Byzantine Period

AD 330641

Roman Period

30 BC  AD 330

Ptolemaic Period

33230 BC

Late Period

664332 BC

Third Intermediate Period

1069664 BC

Kom al-Ahmer/Kom Wasit

Kom al-Ahmer and Kom Wasit are two archaeological sites located close together in the
western delta, some c. 23km from the present day coastline, and approx. 10 km west of
the Rosetta branch of the Nile (Fig. 4.1). Ongoing archaeological work is beginning to
reveal a wealth of information about the history of occupation at these Late Period,
Ptolemaic, Roman, Byzantine and Islamic settlements (Kenawi and Rossetti, 2013;
Marchiori, 2014), but no substantial geoarchaeological or geological work has ever been
previously undertaken in the area, and as a result the landscape setting of the towns is
not understood. The only geological research that is known to have been published from
the immediate vicinity is a single deep core at Mahmudiya (Said, 1981). The auger
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survey presented here, carried out as part of the Kom al-Ahmer/Kom Wasit
Archaeological Project (University of Padua  Italian-Egyptian Archaeological Center),
thus constitutes the rst geoarchaeological research from the region, informing both on
the landscapes contemporary with occupation at Kom al-Ahmer, as well as the broader
Holocene landscape evolution of the surrounding hinterland. The results are discussed in
two parts. First, those cores undertaken within the connes of the archaeological sites
are discussed, then the records of cores drilled in the hinterland are considered. The
locations of all cores drilled are shown on Fig. 4.2 and in Table 4.2.

4.3.1

Cores within the site  results

The area that is now currently covered by the main part of Kom al-Ahmer (represented
in the survey by augerings KA01, KA03, KA04, KA09, KA08 & KA10), is
sedimentologically quite simple. In general, three units are distinguished: Units A, B and
C (Fig. 4.3). Unit A, at the base of the section, is characterised by ning-up sequences
of well-sorted very dark greyish brown (2.5Y 3/2  10YR 3/2) to olive brown (2.5Y 4/3)
very ne and ne quartz-rich sands (occasionally very coarse silts) with very rare pottery
fragments. The sands are micaceous, with mica content increasing as the grain-size of
the sand decreases. Occasionally rhizoconcretions exist towards the top of the unit, but
at a low abundance (generally 12% by volume). Black organic mottling is also
encountered sparsely within the upper portions of the deposits. Texturally the deposits
are variously sands, loamy sands, sandy loams and loams, with the coarser deposits
having lower mud fractions. Unit A is seen only in the more western cores at the site:
KA01, KA03 and KA04 (Fig. 4.3); the lower deposits of KA09 and KA10 have more in
common with the hinterland geology (discussed below), while KA08 penetrated to only
very shallow depths.
Unit A grades upwards into Unit B. Unit B is similar to Unit A in terms of its degree of
sorting, but it is both browner in colour and ner in grain-size: the deposits are
commonly loams and silty loams of coarse silt grade. The sediments are also more
micaceous than Unit A, and they also contain more organic matter and black mottling
(see data column 6 of Fig. 4.3), and more rhizoconcretions (generally 15% by volume;
see data column 4 of the same gure). Pottery is encountered very sparsely in this unit,
especially towards the top (data column 3).
Together, Units A and B can be considered as representing a ning-up sequence, from
clast-poor, well-sorted ne sands to well-sorted micaceous silty loams of coarse-silt-grade,
with rhizoconcretions and black motting evidencing the growth of vegetation. Within
this broad-scale ning up sequence there are numerous other ning-up sequences at a
range of scales: at 1020cm, as well as at the scale of cm to mm.
Directly above these sediments exists Unit C. Unit C is generally composed of very dark
greyish brown (2.5Y 3/2), very inhomogeneous, more poorly-sorted coarse silts, often
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Figure 4.2: Locations of cores drilled at Kom al-Ahmer/Kom Wasit, and position of

the inferred palaeo-river channel at its inception and nal silting-up. The augerings at
Kom Wasit are not discussed in the present report as they are not yet understood well
enough to incorporate into the following discussion.

containing large quantities of pottery (most often 15% by volume, but rising in places
to 25%), charcoal, bone fragments, occasional limestone fragments and rhizoconcretions.
The deposits often contain a large amount of organic matter, and are frequently mottled
in appearance in various colours.

All three of these units are encountered at a lower level in the east than the west. In the
east (augerings KA04, KA09, KA08, KA10) Unit C extends down to a level of -0.5 to
-1.35m OD (Over Datum); in the west (KA01, KA03) it only extends down to 0.5m
OD (Fig. 4.3). Units A and B similarly slope downwards to the east.

The pottery present within the deposits of Unit C is also dierent in the east to the
west, being older in the east. All nineteen fragments of diagnostic pottery recovered from
Unit C in the eastern cores date from prior to the Roman conquest of Egypt in 30 BC.

Chapter 4 : New geological eldwork in the western Nile Delta

61

Table 4.2: Locations of boreholes drilled in the survey at Kom al-Ahmer/Kom Wasit.

Easting and Northing are expressed in WGS-84 UTM36N; elevation is in metres with
respect to the local datum set up by the archaeological mission. The Survey of Egypt
datum is approximately 30cm above this datum.

Auger

Easting

Northing

Elevation (m)

Total Depth (m)

KA01

256,499

3,450,298

2.45

5.32

KA02

256,386

3,450,249

1.40

8.75

KA03

256,600

3,450,331

4.39

8.12

KA04

256,742

3,450,383

0.72

4.54

KA05

256,255

3,450,210

1.22

5.73

KA06

256,437

3,450,274

2.58

6.75

KA07

256,126

3,450,172

1.37

8.37

KA08

256,905

3,450,414

3.68

2.00

KA09

256,824

3,450,428

2.04

7.86

KA10

257,033

3,450,493

3.10

8.02

KA11

257,194

3,450,558

2.07

7.85

KA12

257,229

3,450,669

2.04

7.38

KA13

256,470

3,450,273

2.53

7.70

KW01

257,766

3,451,759

2.61

3.54

KW02

257,947

3,451,857

0.84

7.88

KW03

258,036

3,451,935

0.84

7.86

KW04

257,699

3,451,742

2.01

5.40

This contrasts with the pottery recovered from Unit C in boreholes KA01 and KA03, in
which thirteen of the fteen diagnostic fragments recovered were dated to the Roman
period, with the remaining two being possibly Roman. None of the sparse fragments of
pottery encountered in these boreholes from Units A and B was diagnostic.

Immediately to the west of these augerings, two other cores are located (KA06, KA13).
The sediments in these cores are very dierent, and comprise two further units, D and E
(Fig. 4.3). Unit D consists of well-sorted black (2.5Y 2.5/0  5Y 2.5/0  10Y 2.5/0  10Y
3/0) highly laminated micaceous coarse silts, very ne sands and some ne sands,
containing ning up sequences at a range of scales. No rhizoconcretions are encountered
in the unit, nor any amount of organic mottling, but pottery is rarely encountered.
Lying above Unit D is Unit E. This unit comprises micaceous, organic-rich, pottery-rich
(generally 310% by volume) coarse silts that are less well-sorted than Unit D. Both the
organic material and pottery are well-developed into layers. The pottery dates from the
Roman and Ptolemaic periods, with rare Late Period fragments. Other cultural material
such as slag, limestone and seeds are also found, as well as bone fragments and pieces of
shell (both bivalves and gastropods). The deposits are brown, becoming darker and
greyer towards the base (2.5Y 3/2  10YR 3/2  2.5Y 2.5/0). There are also yellower
sandy partings present.
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next groups the deposits into stratigraphic units. In the next column the presence of a
purple bar indicates the occurrence of ceramic material. The last three columns indicate
the percentage of rhizoconcretions, abundance of mica, and estimated organic content
respectively. See Fig. 4.2 for core locations.

4.3.2
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Cores within the site  interpretation

Overall, units A, B and C are interpreted as recording the westward migration of a river
channel in antiquity, and the subsequent building of tell architecture upon its levee
sediments, while units D and E record the eventual silting-up of the channel (Fig. 4.4).
Whilst this interpretation is derived from the sediments recovered, further evidence to
support this identication of these deposits comes from distinctive linear crop-marks
present on satellite imagery immediately south (Fig. 4.1): features such as these are
useful as indications of a palaeo-channel having existed in the vicinity (Trampier et al.,
2013). The locations of the suggested river channel just prior to occupation at the site,
and in its nal position at the western edge of the settlement are both shown on Fig. 4.2.
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Figure 4.4: An interpretive cross section through Kom al-Ahmer, along the section line

indicated on Fig. 4.2. The dashed line indicates the ground surface at the time of rst
occupation in the area during the rst millennium BC.

The overall ning-up sequence of Units A and B provides the sedimentary evidence for
the presence of the palaeo-river channel. Together the units constitute a textbook
example of deposits commonly laid down by a migrating channel (Bridge, 1993;
Coleman, 1969; Collinson, 1996; Miall, 1996), and display many similarities with other
deposits identied as such in the Nile Delta (Pennington and Thomas, 2016). Unit A is
interpreted as representing lower bar sediments deposited within the river channel. The
relatively large grain-size indicates a high-energy environment of deposition, while the
well-sorted nature of the deposits and presence of ning-up sequences at a variety of
scales are typical. Unit B, lying above these sediments and ner in grain-size, is
interpreted as representing upper bar or proximal levee deposition. Colonisation of these
levees and upper bars by vegetation is evidenced by the presence of rhizoconcretions and
organic mottling, features which are not seen in the lower deposits of Unit A, deposited
within the water.

Unit C, lying upon the levees of Unit B, is interpreted as representing cultural settlement
layers and thus the building of tell architecture. The high degree of inhomogeneity of
the deposits, the large quantities of (varied) cultural material, and the more
poorly-sorted nature of the deposits are taken as evidence for a primarily anthropogenic
origin of the sediments. Analysis of in-situ archaeological sections provides convincing
parallels for the deposits, further arming the identication of the unit.

The westward migration of the river through time is evidenced by the upward-sloping
nature of these units towards the west (Figs. 4.3 & 4.4), as well as from dating
information aorded by the pottery encountered within the deposits, which further
provides a chronology for the process. It appears that the river was originally located
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around KA03 and KA04, where the top surface of Unit A is seen at its lowest level (it
was never located further east in the region of KA09, where Unit A is absent). Upon its
levees in the vicinity of KA09 and KA10 at this time, unidentied sherds located at an
elevation of of -2m OD (KA09) or -2.3m OD (KA10) indicate a human presence in the
area, presumably during the Late Period. The dashed line on Fig. 4.4 indicates the
ground surface level at this time.
Then, large-scale settlement during the Ptolemaic period in the location of KA09 is
attested by the onset of deposition of Unit C at a depth of -1.35m OD (Fig. 4.3), which
contains Ptolemaic sherd material in this location. At this time, the river could have
been located near KA01 and KA03: the very rare pottery fragments seen in these cores
within Unit A probably record ceramic material deposited within the river channel but
deriving from the nearby (contemporaneous) settlement directly to the east.
By the Roman period, the area of the tell site had expanded signicantly westwards:
KA01, KA03 and KA04 record large quantities of Roman pottery within Unit C. The
river was located further west still, in its nal position to the west of the settlement (Fig.
4.4), where it subsequently silted-up, a process recorded by Units D and E. The
highly-laminated ning-upward sequence represented by these units compares well with
other examples of channel-ll sediments (Toonen et al., 2012), with sandy laminations
representing individual ood units during channel abandonment. The organic-rich nature
of the deposits indicates colonisation of the area by vegetation when the channel had
become a swampy backwater abutting the site, while the large amounts of cultural debris
(bone, limestone, slag, pottery) perhaps record the inhabitants of the site using the area
as a dumping ground for rubbish. The large amounts of Roman debris but lack of any
Islamic remains within these units constrains the time when the channel silted-up to the
Roman period.

4.3.3

Cores within the hinterland  results

The sediments in the other boreholes undertaken away from the site to the west (KA02,
KA05, KA07) and east (KA11, KA12) are dierent to those encountered within the site,
and are divided into four units: X, G, H and I (Fig. 4.3).
Unit X exists at the base of the section and is represented by a series of deposits which
ne upwards from micaceous very dark green (5Y 3/1  5Y 4/1  5GY 2.5/0) ne or very
ne sands to sparsely micaceous black (N 2.5/0  2.5Y 2.5/0  2.5Y 3/0  10Y 2/0  10Y
3/0) medium and coarse silts. No sherd material is ever encountered within the unit.
Above Unit X is a fairly thick unit, Unit G (Fig. 4.3). This unit is very distinctive,
represented by non-micaceous blue (N 3/0) very ne silts, tending to clay in places, with
large amounts of decomposed and undecomposed plant material (often 1015% by
volume); sometimes the unit smells of hydrogen sulphide. Texturally these deposits are
silty clay loams, silty clays and clays. Occasionally there are also little clusters of yellow
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balls, each approx. 80 microns across, which may be sulphur-rich redox concretions. No
sherd material is found in the unit; rhizoconcretions are absent for much of the deposits,
but are sporadic towards the top. There are very rare lenses of ne green sand (5Y 3/2 
5GY 6/0  5GY 3/0).
Atop Unit G lies Unit H, represented by sparsely micaceous grey (2.5Y 3/1  2.5Y 2.5/1
 2.5Y 2.5/0) medium silts, often containing rhizoconcretions at 15% by volume, with
brown-orange, greenish or black mottling. Textually the deposits are usually silty loams.
Occasionally there are lenses of very ne sands which are usually yellow in colour (2.5Y
4/3). The lowest sherd material in these hinterland cores is found within this unit.
At the top of the sequence is Unit I, represented by very dark greyish brown (10YR 3/2,
but very occasionally 2.5Y 3/2) deposits that are usually micaceous coarse silts, although
ner and non-micaceous in places, or tending towards micaceous very ne sands in
others. The deposits are commonly mottled with minor black (organic) alteration, and
often contain rhizoconcretions and sherd material, each at approx. 15% by volume.

4.3.4

Cores within the hinterland  interpretation

The sedimentary deposits of the hinterland when taken together appear to record the
emergence and subsequent disappearance of a vegetated semi-lacustrine environment
(represented by Unit G) prior to settlement in the area. This replaced earlier sandy
uvial environments (Unit X) and was in turn replaced by terrestrial oodplain
landscapes (Units H and I). The exact time periods when the semi-lacustrine
environment emerged and disappeared are not yet known.
At the base of the section the well-sorted sandy deposits of Unit X are interpreted as
being derived from uvial deposition (Fig. 4.4); the presence of mica suggests that they
are not windblown, since from personal experience mica in Egypt is generally absent
from deposits transported by wind. The overlying Unit G is then thought to represent a
shallow lake environment with large amounts of colonisation by semi-aquatic vegetation.
The presence of standing water is inferred from the absence of rhizoconcretions from
within this unit but no other (standing water would inhibit their precipitation) as well as
from the very ne-grained nature of the deposits. No such ne-grained deposits are
usually encountered on the Nile oodplain; it is thought that only large areas of standing
water would allow for the absence of turbulence required for the deposition of the
homogeneous silty-clays and clays of Unit G. The standing water present, however, was
clearly shallow and vegetated, given the large quantity of organic material present, with
anoxia persisting at or below the sediment-water interface, as attested by the large
amounts of undecomposed and partly decomposed plant remains and the smell of
hydrogen sulphide.
Units H and I then represent a return to better-drained more terrestrial oodplain
environments (Fig. 4.4). The rhizoconcretions encountered in these units (Fig. 4.3)
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point towards an oscillating water table and indicate that the environment was no longer
permanently waterlogged. The presence of signicantly less organic matter is also
suggestive of a more oxic environment. It is within these deposits that the rst pottery
occurs (derived from the site), thus aording the only chronological control on when the
swampy environments of Unit G disappeared as prior to the later rst millennium BC.

4.3.5

Aggradation rates

The depths of pottery encountered within the boreholes in the hinterland can be used to
give an approximate estimate of the aggradation rate of this area of the Nile Delta. The
lowest ceramic material occurs at depths of 390cm, 330cm, 358cm, 280cm, 150cm, 380cm
& 295cm below the modern eld surface in KA11, KA12, KA07, KA02, KA05, KW02 &
KW03 respectively. Assuming that the lowest of this material is derived from early
occupation at the sites in the sixth to rst century BC, it can be suggested that approx.
3.53.9m of sediment has been deposited across the delta plain since this time, at an
average aggradation rate of approximately 1.31.9mm/yr.

4.3.6

Conclusions  Kom al-Ahmer/Kom Wasit

The auger survey at Kom al-Ahmer has provided information on the long-term landscape
evolution of the local area. The earliest landscapes identied are uvial environments
characterised by the deposition of sandy sediments with a larger grain-size than the
oodplain environments of the modern Nile Delta. It is not known at what time these
environments disappeared, but they gave way to a semi-lacustrine, very swampy
environment with extensive standing water. This environment subsequently disappeared
at some point prior to the later rst millennium BC, to be replaced by better-drained
oodplain environments.
The auger survey has also identied a minor palaeochannel of the Nile to the west of
Kom al-Ahmer. It appears that this channel may have existed over part of the western
half of the current site in the early centuries of the settlement's existence, before it
migrated westwards to be situated at the western margin of the tell, where it nally
silted up at some point during or after the Roman period.

4.4

Tell Mutubis

Tell Mutubis is another archaeological settlement site, located in the north-western delta
approximately 19km from the present-day coastline and 3km east of the Rosetta branch
of the Nile (Fig. 4.1). The site dates from the Roman & Byzantine periods (30 BC  AD
641), but predominantly from Byzantine times c. AD 330641 (Wilson, pers. comm).
Starting in 2012 an auger survey was initiated at the site in the context of ongoing
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archaeological eldwork by Penny Wilson and the University of Durham, in order to
inform on the Holocene landscape history of the area (Fig. 4.5). Apart from two cores
drilled in 2001 (M01-01 and M01-02) no prior geological or geoarchaeological work had
previously been undertaken in the vicinity.

4.4.1

Cores  results

The sediments encountered within the survey are divided into seven separate,
correlatable units: A, B, C, E, G, X and Y (Fig. 4.6). Not all of these are seen in each
individual core; some units are seen only in certain localities, while some of the lower
units were necessarily not encountered in boreholes that did not penetrate deep enough.
At the base of the section exist Units X and Y (Fig. 4.6). Unit X is seen at the base of
the cores in the south-west (M16-02; M16-01; M16-04) and is characterised by
well-sorted micaceous, black (2.5 N/0  10Y 2.5/1  N 2.5/0) to greenish-black (7.5GY
3/1) barren coarse silts and very ne sands. In places (M16-01; M16-02) the bottom of
the unit also contains white/grey ne sands. Rhizoconcretions are very rare. Further
north and east (M16-07, M12-01; M12-03; M16-06; M16-05; M12-12; M12-10) the base of
the section is instead formed by Unit Y. The sediments of this unit comprise blue or
blue-grey, very compact sti silts with plentiful rhizoconcretions at 110% by volume,
and sometimes some orange staining. At the very base of M16-07 the sediments also
contain brown plant remains at 110% by volume.
Above Units X and Y is a major and highly distinctive unit which is seen across the
area, Unit G (Fig. 4.6). This unit is made up of homogeneous dark grey, black,
blue-black or grey-blue silts with thickly-developed layers of black organic material.
These organic layers sometimes comprise 5080% of the sample and in these places the
unit smells strongly of hydrogen sulphide. The silts are usually of a ne grade, tending
to clay, and are sticky, although in places there are also coarser silts and sandier lenses.
The sediments also contain yellow mottling in places, which towards the top becomes
brown-orange. The top of the unit contains the lowest pottery encountered in the survey,
as well as rhizoconcretions at some 110% by volume, which are absent for much of the
rest of the unit. In the far north-east there are occasionally lenses of sands within the
unit: most notably within core M12-17 (Fig. 4.5), although to a lesser degree in core
M12-10 as well.
In the elds surrounding the site, the uppermost sediments comprise Unit C. This unit is
usually made up of brown micaceous coarse silts containing background pottery at some
15% by volume, sparse rhizoconcretions (12%), some root material and occasional
gastropod and bivalve shells. The top of this unit contains the modern soil prole.
Within the archaeological site, however, the uppermost sediments are not Unit C but
instead Unit E. Unit E is represented by inhomogeneous, moderately-to-poorly-sorted
sedients, usually of very ne sand grade, containing abundant cultural material (pottery
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Locations of cores drilled at Tell Mutubis, and position of the inferred
palaeochannel.

fragments, brick, charcoal, limestone and sandstone ecks and bone) commonly at 120%
by volume. There are also occasional rhizoconcretions present. As at Kom al-Ahmer
(Unit C) it is abundantly clear that the sediments of Unit E represent tell architecture
and settlement layers. They are encountered only within the upper levels drilled within
the known archaeological site, and a combination of their inhomogeneity, their
poorly-sorted nature, and the presence of large quantities of cultural debris suggests that
their genesis is more closely related to processes operating within anthropogenic settings
rather than natural forces. In some places the sediments could represent mudbrick
architecture; in other places they are likely derived from a combination of in-situ
degredation of archaeological material and windblown cover.

In a few places, stratigraphically above Unit G and contemporary with the deposition of
Unit E and the lower layers of Unit C lie the nal two units, A and B. Unit A is seen in
four boreholes: M12-05, M12-06, M12-07 and M12-13. It comprises a ning-up sequence
from micaceous grey, well-sorted, well-rounded, clean, barren ne sands to micaceous
coarse silts, with some pottery seen in M12-07 and M12-13 only. Unit B occurs directly
above Unit A and is made up of micaceous interbedded ning-upward sequences of very
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Figure 4.6: Geological logs of the cores drilled at Tell Mutubis, along lines a) ZZ'; b)

YY'; c) XX'. Four columns of data are displayed for each core. The left-hand column
displays lithological information, the next groups the deposits into stratigraphic units.
In the next column the presence of a purple bar indicates the occurrence of ceramic
material while the nal column indicates the percentage of rhizoconcretions. See Fig. 4.5
for borehole locations.
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Table 4.3: Locations of boreholes drilled in the survey at Tell Mutubis. Easting and

Northing are expressed in WGS-84 decimal degrees; elevation is in metres above sea-level
with respect to the Survey of Egypt datum. *elevations approximate (±510cm).

Auger

Easting

Northing

Elevation (m)

Total Depth (m)

M12-01

30.55595

31.28432

3.26

7.16

M12-02

30.55461

31.28540

1.43

3.15

M12-03

30.55517

31.28489

1.23

5.30

M12-04

30.55137

31.28765

0.91

2.54

M12-05

30.55348

31.28638

1.00

4.30

M12-06

30.55375

31.28412

0.74

5.04

M12-07

30.54920

31.28201

1.03

6.60

M12-08

30.55008

31.28550

1.00

3.16

M12-09

30.55834

31.28676

0.75

1.66

M12-10

30.55844

31.28740

0.04

6.52

M12-11

30.55887

31.28139

0.70

2.56

M12-12

30.55754

31.28263

0.59

5.17

M12-13

30.55358

31.28333

0.80

3.30

M12-14

30.55565

31.28892

0.58

1.37

M12-15

30.55544

31.28870

1.73

1.14

M12-16

30.55429

31.29013

1.01

2.81

M12-17

30.56093

31.28904

0.39

4.54

M16-01

30.54887

31.28356

1.00*

5.27

M16-02

30.54777

31.28306

1.00*

9.25

M16-03

30.55153

31.28367

0.90*

5.01

M16-04

30.55267

31.28347

0.90*

7.20

M16-05

30.55572

31.28283

0.80*

4.63

M16-06

30.55481

31.28328

0.80*

6.05

M16-07

30.55267

31.28728

0.90*

9.24

M01-01

30.55718

31.28783

1.75*

7.99

M01-02

30.55682

31.28580

2.75*

5.84

ne sands, ne sands and coarse silts with pottery, occasional shells, minor charcoal and
some rhizoconcretions. These sediments often contain very minor brown, black and
orange mottling. The ning-up sequences take place over a range of scales  on the scale
of mm, cm and over tens of centimetres. The sands of this unit are usually yellow, while
the silts are grey-brown; black, brown and orange mottling is sometimes present. Unit B
is also seen in other cores directly above Unit G (cores M16-01; M16-02; M16-03;
M12-02; M12-03; M12-04; M16-06; M12-08; M12-11; M12-12; M12-16; M12-17).

4.4.2

Hinterland evolution  interpretation

The landscape evolution of the broader hinterland is represented by the succession of
environments recorded by Units X and Y, then Unit G and nally Unit C. Units X and Y
record deposition of uvial sediments in both distil and proximal oodplain settings. The
larger grain-size of Unit X indicates uvial deposition in a proximal setting, while the
much ner nature of Unit Y indicates a distil oodplain origin. It seems that these units
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were deposited at the same time: neither unit appears atop the other  they are instead
juxtaposed laterally  and both units have their top at the same level (Fig. 4.7).The
exact age of these deposits is unknown, but it is clear from their basal stratigraphic
position (Fig. 4.7) that they are signicantly older than the archaeological site.
Over much of the area, these two units then give way to Unit G at 4.5m below the
surface (at 470, 480, 420, 440, 450, 466, 474cm in M16-01, M16-02, M16-04, M16-05,
M16-06, M16-07, M12-12). This change represents a major shift in environment. Unit G
appears to record a semi-terrestrial/semi-aquatic environment with colonisation by large
amounts of vegetation. In an analagous way to Unit G at Kom al-Ahmer/Kom Wasit,
the more ne-grained nature of the deposits is likely an indication of the presence of
standing water, while the presence of hydrogen sulphide is a clear indicator of reducing
conditions. There is no chronological control on when Unit G began accumulating, but it
disappeared at broadly the same time as the emergence of the archaeological site, since
pottery rst appears at the very top of this unit and persists continually above.
Finally, the deposition of Units (B and) C occurs upwards from a depth of 2.1m below
the surface (at 217, 217, 230, 214, 225, 236, 182, 200, 228, 182, 207, 185cm in M12-04,
M12-08, M12-12, M12-11, M12-16, M12-10, M12-17, M16-07, M16-02, M16-01, M16-04,
M16-06), and represents a change to more well-drained oodplain landscapes, evidenced
by a signicant decrease in organic content, coarser grain-sizes, and a browner colour
indicating more oxic conditions. There is also uvial activity in the south and west of
the studied area contemporary with these landscapes (discussed below).
Overall, therefore, the landscape evolution of this area is characterised by a replacement
of the uvial landscapes of Units X and Y by a semi-aquatic swampy environment (Unit
G), and then a return to more terrestrial, well-drained landscapes (Unit C). There may
potentially be two minor breaks in this depositional sequence, represented by
correlateable horizons of large quantities of rhizoconcretions and other indicators of soil
formation: the tops of both Units Y and Unit G are marked by large quantities of
rhizoconcretions, potentially suggesting reduced sedimentation rates over an extended
period.

4.4.3

Presence of a palaeochannel  interpretation

To the west of the site there is sedimentological evidence to suggest that a river channel
existed in antiquity, prior to and during occupation at the site. There is also potentially
earlier uvial activity in the north-east.
Units A and B together record the presence of a river channel having existed in the
vicinity of cores M12-13; M12-06; M12-05 and M12-07 (Figs. 4.5, 4.7). The ning up
sequence represented by these two stacked units: of barren, well-sorted, well-rounded
massively bedded ne-grained sands giving way to laminated, graded micaceous coarse
silts and sands, records lower bar deposits (represented here by Unit A) giving way to
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upper bar and levee environments (Unit B) in a similar way to the same sequence at
Kom al-Ahmer/Kom Wasit. Colonisation of the levee environments by vegetation is
evidenced by the presence of rhizoconcretions within Unit B, and the unit's occasionally
slightly mottled appearance (indicating oxidised organic matter). The presence of this
channel is further conrmed by the presence of levee deposits picked up in other cores
(Fig. 4.7), where Unit B is also encountered lying directly above Unit G. There may also
be a crevasse splay originating from this river in the south, around boreholes M16-06,
M16-05, M12-12 and M12-11: these cores also encounter deposits of Unit B at similar
depths to the cores in the west, and thus also indicate some contemporaneous uvial
activity near to these locations. A crevasse splay is tentatively suggested as the origin of
these sands based on their tabular architecture.
The palaeochannel existed both prior to and during occupation at the site, in slightly
dierent locations. It seems as if the river was present in the location of M12-06 and
M12-05 just before, but not during occupation at the site. Unit A is encountered at the
base of these boreholes, but no pottery is observed within these deposits, nor is any
pottery seen in the lower layers of Unit B which lie directly above. In this area it is only
in the uppermost layers of Unit B that pottery appears, and the architecture of the tell
site (Unit E) was then built upon these levels. Thus it appears that at the time this area
was a uvial channel-bar environment there was no human activity in the vicinity. In
contrast, M12-07 and M12-13 encounter pottery within the channel-bar sands of Unit A,
and therefore record the river in its position contemporary with, and/or following
occupation at the site. Thus it seems that the river migrated very slightly in the
direction of the arrows on Fig. 4.5 just prior to occupation at the site; away from M12-06
and M12-05, and towards M12-07 and M12-13. It is not known when the channel
silted-up, but it must have been during or after occupation at the site, given that
cultural deposits are found within the sands of Unit A. Channel-ll deposits originating
from the residual channel are not encountered in any boreholes.
It was on top of the levees of this river channel that occupation at the site commenced.
Within cores M12-06; M12-05 and M12-03 pottery is encountered within the upper layers
of Unit B, and the architecture of the tell site itself (Unit E) was then built upon these
levels.
There are also indications of much earlier uvial activity to the north-east of the site. A
sandbody recorded in M12-17 lower in the sequence is micaceous and graded, suggesting
deposition by riverine processes, while small sandy lenses at -3.2masl and -4.5masl within
core M12-10 may also relate to uvial activity in this region.

4.4.4

Aggradation rates

As outlined in section 4.2, the only chronostratigraphic information available with which
to inform on the aggradation history of the hinterland sedimentary sequence is the
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presence or absence of pottery. The presence of large quantities of large fragments of
pottery within well-stratied and correlated hinterland deposits is therefore used at this
site as a stratigraphic marker representing a terminus post quem date of 30 BC. In all
the hinterland boreholes, pottery is encountered upwards from a depth of c. 2.02.5m
(217, 217, 255, 202, 236, 115, 200, 131, 100, 230, 107cm in cores M12-04, M12-08,
M12-12, M12-16, M12-10, M12-17; M16-07, M16-02, M16-01, M16-04, M16-06). If this
pottery is assumed to date from 30 BC  AD 641, then an average aggradation rate of
1.01.8mm/yr can be calculated since that time.
There are some minor exceptions to this pattern which require discussion. First, pottery
is encountered at a deeper depth than 2.02.5m in cores which penetrated Unit A; this is
because the river was a topographic low within the ancient landscape at the time Unit A
was deposited, and so pottery (of the same age) deposited within this river is naturally
at a lower level. Second, some of the boreholes undertaken within the tell site also
found pottery at greater depths than in the hinterland, notably in core M12-01. This
occurs within Unit E, and is thought to be related to the digging of foundations for
building construction. Finally, two very small pieces of pottery were encountered in
M16-03 at 2.953.05m, and one rounded 10mm fragment was found at 3.143.17m.
These are both thought to be sample contamination.

4.4.5

Conclusions  Tell Mutubis

Overall, the auger survey at Tell Mutubis has provided a wealth of lithostratigraphic
information to inform on the evolution of local landscapes prior to, during and following
occupation at the site of Tell Mutubis. This landscape evolution is represented by the
development of a semi-aquatic swampy environment (represented by Unit G) sometime
during the Holocene, which subsequently disappeared at approximately the same time as
Roman occupation began at Tell Mutubis (since pottery is found only within the very
uppermost levels of this unit and in the levels stratigraphically above). This swampy
landscape was replaced by more well-drained oodplain environments that existed
contemporary with and following occupation at the site (Unit C). It appears that there
was a river most likely situated to the south and west of the site prior to and during
occupation (Units A, B); Tell Mutubis seems to have been built upon its levees. It is not
known when this river silted up.

4.5

Kom Geif

Kom Geif (ancient Naukratis) is also located in the western delta, some c. 60km from
the present day coastline, and is known to have been situated on the banks of the (now
disappeared) Canopic branch of the Nile (Arnauld, 2012; Möller, 2000; Pennington, 2016;
Pennington and Thomas, 2016; Thomas and Villing, 2013). This Late Period, Ptolemaic,
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Roman and Byzantine site (c. 620 BC  AD 641) was originally excavated in the late
nineteenth century (Gardner, 1888; Hogarth et al., 1905, 1899; Petrie, 1886), again in the
1970s and 1980s (Coulson, 1996; Coulson and Leonard, 1979; Coulson et al., 1982;
Leonard, 2001, 1997), and most recently by the British Museum since 2012 (Thomas,
2015, 2014; Thomas and Villing, 2013). Much of the area of previous archaeological
investigations is now a seasonal lake (Fig. 4.8)  the original tell site has been dug out
by both the archaeologists and the local inhabitants of the surrounding villages.
Some geoarchaeological work involving core drillings was undertaken in the 1980s by
Cathleen Villas and John Giord (Coulson, 1996, p. 9; Leonard, 1997, p. 28; Villas,
1996), leading to a series of palaeogeographic reconstructions (Coulson et al., 1982, p. 75;
Möller, 2000, p. 116; Villas, 1996), which are dicult to reconcile with the available
archaeological evidence (Thomas and Villing, 2013). From 2013 a new auger survey was
initiated at the site as part of the ongoing archaeological investigations by the British
Museum, in order to re-assess the results of the earlier work, shed light on the history of
the landscapes contemporary with occupation at the site, and to inform on the broader
Holocene landscape evolution of the surrounding area. An Electrical Resistivity
Tomography (ERT) prole was also undertaken at the site (Strutt and Thomas, 2014) to
assist in the accomplishment of the same aims.
The results of the auger survey are presented here in a number of sections. The rst
section deals with those sediments encountered in the far west of the site (augerings A01,
A02, A03, A06, A11, A21, A22, and A26). Second, cores drilled at the south-western
(A13, A14) and north-western (A04, A18, A19, A23, A27 and A32) sides of the
settlement, as well as two shallow borings slightly further west (A20 and A24) are
considered. Then, boreholes to the east of the site are discussed (A08, A09, A10, A15,
A29, A30, A31, A34, A35, A37, A38, A41, A42 and A43), before cores drilled in the very
south are presented (A47 and A48), which contain sediments in common with those in
both the east and the west of the site. The records of those augerings in the centre and
north of the site (A05, A16, A17, A19, A25, A27, A28, A32, A33, A36, A45, and A46)
are considered last, before nally, the sediments encountered in the older cores drilled at
the site in the earlier surveys (Coulson, 1996; Leonard, 1997; Villas, 1996) are
re-interpreted. Four boreholes with a specically archaeological purpose (A00, A39, A40
and A44) are not discussed here.
Table 4.4: Locations of boreholes drilled in the survey at Kom Geif. Easting and

Northing are expressed in WGS-84 decimal degrees; elevation is in metres above sealevel expressed to EGM2008.

Augerings A, B, C and those preceded by SM- are

those drilled in older surveys. A12 does not exist. The locations of the older cores were
established by georeferencing the maps on which they were displayed and correcting
for survey errors (Thomas and Villing, 2013).

Auger

Easting

Northing

Elevation (m)

Total Depth (m)

A00

30.59397

30.89469

5.58

7.22

A01

30.58966

30.89519

5.39

7.10

A02

30.58847

30.89476

5.35

6.60
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A03

30.58890

30.89924

5.35

7.10

A04

30.59059

30.89924

4.62

7.20

A05

30.59329

30.89711

3.62

7.46

A06

30.58750

30.89734

5.34

4.92

A07

30.59138

30.89533

4.97

9.00

A08

30.59375

30.89582

4.86

6.04

A09

30.59532

30.89590

5.14

7.58

A10

30.59680

30.89640

4.96

6.77

A11

30.59060

30.89528

4.87

4.77

A13

30.59183

30.89540

4.76

7.00

A14

30.59157

30.89548

4.85

7.30

A15

30.59730

30.89645

4.97

6.50

A16

30.59190

30.89858

1.04

5.48

A17

30.59168

30.90167

1.48

8.80

A18

30.59053

30.90008

2.41

5.40

A19

30.59070

30.90010

1.83

7.20

A20

30.59003

30.89980

5.16

3.30

A21

30.58943

30.89997

5.07

4.10

A22

30.58972

30.89950

4.84

6.00

A23

30.59028

30.90092

4.84

6.53

A24

30.58985

30.90087

4.90

3.30

A25

30.59213

30.90177

1.29

8.41

A26

30.58952

30.90083

5.07

4.10

A27

30.59072

30.90092

1.76

7.13

A28

30.59297

30.90128

2.06

7.15

A29

30.59402

30.90130

4.59

7.15

A30

30.59508

30.90130

5.07

6.20

A31

30.59703

30.90110

5.04

7.05

A32

30.59063

30.90060

2.18

5.47

A33

30.59255

30.90260

4.91

6.60

A34

30.59330

30.90125

4.44

4.77

A35

30.59371

30.89871

4.82

6.43

A36

30.59265

30.89940

2.54

9.70

A37

30.59489

30.89810

5.09

7.43

A38

30.59600

30.89742

5.37

6.95

A39

30.59366

30.89611

4.83

2.10

A40

30.59400

30.89617

5.06

6.16

A41

30.60026

30.89565

5.32

7.55

A42

30.60411

30.89505

5.08

8.83

A43

30.60834

30.89346

4.83

7.03

A44

30.59376

30.89471

7.05

9.05

A45

30.59218

30.89791

1.66

8.96
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A46

30.59338

30.89778

2.40

8.06

A47

30.59529

30.89158

5.65

6.48

A48

30.59553

30.89060

5.48

4.10

A

30.59295

30.90209

4.74

6.47

B

30.59327

30.90083

4.34

5.00

C

30.59363

30.89499

6.14

9.20

SM01

30.59373

30.89507

6.09

6.00

SM02

30.59368

30.89529

5.34

5.20

SM03

30.59314

30.89590

5.04

5.60

SM04

30.59365

30.89730

3.08

4.10

SM05

30.59439

30.89611

5.57

5.80

SM06

30.59366

30.89858

4.91

6.00

SM07

30.59358

30.90078

4.83

6.00

SM08

30.59071

30.89919

5.14

5.30

SM09

30.59032

30.90039

5.14

4.00

SM10

30.59409

30.89448

6.04

5.90

Cores in the far west  results

The rst set of cores (A01, A02, A03, A06, A11, A21, A22, A26), located to the far west
of the site, record a very clear continuous ning-up sequence, but can be thought of as
being composed of three individual stratigraphic units (Fig. 4.9). The lowermost unit,
Unit A consists of ne and medium very-well-sorted sands with occasional layers of
coarser sand as well as isolated granules and pebbles. The sands contain no silt fraction,
consist predominantly of well-rounded quartz grains and are non-micaceous. These
deposits are barren, containing virtually no clasts or inclusions. Sedimentary structures
and bedding appear absent, but this may be because of the unconsolidated nature of the
recovered sediments. This unit is observed to be coarser in the west (A06 and A02) than
in the east.
Further up in these cores, Unit A grades into Unit B. At its base, this unit generally
comprises barren ne sands which dier from those in Unit A by the minor presence of
mica, a very small proportion of silt-grade material (texturally, however, the sediments
are still sands), and a slightly browner colour. Progressing upwards within Unit B, the
modal grain-size decreases, the deposits texturally shift from sands to loamy-sands and
then to sandy-loams or loams, and the deposits eventually become predominantly very
ne sands or very coarse silts with a modal grain-size usually between 60-70µm. The
colour changes from yellow/clear to brown and the sediments also become progressively
more micaceous. There is also more variability within this unit than in Unit A, in that
there are thin (<0.5cm) layers containing organic material, occasional areas of black
organic staining, and variations in grain-size comprising: mm-scale layers of coarser
material, cm-scale ning-upwards sequences (usually very-ne sands to coarse silts), and
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Figure 4.8: Locations of cores drilled at Kom Geif. The limit of the ancient city is also

indicated, as well as the changing location of the Canopic branch of the Nile both prior
to and during dierent phases of occupation at the site. Four section lines are shown:
II', IIIIII', IIIIII', IVIV'

variations at a 1020cm-scale as displayed on Fig. 4.9. Both units A and B are
encountered higher (and they are coarser) in the western cores than those in the east,
suggesting that the units both slope upwards to the west. There is a potential indication
of two second-order ning-up cycles within Unit B in core A03.

In these far western cores, both Units A and B very occasionally contain pottery. A
possible Ptolemaic/Roman body sherd was found near the base of A01, and undateable
sherd material was also recovered from A26 within Unit B. Signicant quantities of
Byzantine pottery dated c. AD 350650 were found within A26 at a depth of -0.93 to
-1.17masl within Unit A.

Lying above Unit B is Unit C, composed of brown silts with a modal grain-size varying
between 1030µm, containing sherd material, limestone fragments, rhizoconcretions and
black nodules which together make approx. 12% of the sediment by volume, rising to
510% in the top metre. The sherd material is mixed but comprises mostly Roman or
PtolemaicRoman fragments. This unit also contains a higher proportion of organic
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matter than Unit A or B. The uppermost 40cm of this unit contains the modern soil
prole.

4.5.2

Cores in the far west  interpretation

These cores located to the far west of the site, where no drilling had been carried out by
any previous researchers, contain simple uvial sediments that together provide
overwhelming evidence that the Canopic branch of the Nile once existed at this location,
migrating westward with time (Pennington and Thomas, 2016). Units A and B together
form a textbook example of a ning-up sequence typical of channel bar deposition within
an active river channel (Bridge, 1993; Coleman, 1969; Collinson, 1996; Miall, 1996). The
very well-sorted, well-rounded quartzose medium-ne sands of Unit A are interpreted as
lower bar deposits, while the slightly more loamy, micaceous ner sands of Unit B, with
occasional intercalated siltier lenses and minor organic layers, as well as evidences of
minor internal ning-up cycles are interpreted as upper bar deposits, possibly grading
into minor levee deposits. The westward-coarsening of sediments at equivalent depths,
and the upward sloping nature of the sandbody in this direction suggest lateral
migration of the river channel in a westward sense.
Lying above Units A and B is Unit C. The signicantly ner nature of these sediments
suggests they are oodplain silts, deposited after the Canopic river had ceased to ow in
the vicinity. Unfortunately, due to the lack of ceramic material dating from after c. AD
650, it is impossible to provide a reliable estimate for the date at which this transition
occurred. However, given that the sandy sediments of Canopic origin (Units A and B)
persist only below 3.3masl and the present-day ground surface is around 5.3masl, and
assuming that since the demise of the Canopic branch background sedimentation rates
have been 1.42.5mm per year (Wilson et al., 2014, p. 25), the river must have ceased to
ow between c. AD 650 and AD 1200. This matches archaeological evidence that
suggests that Naukratis functioned as a riverside settlement until c. AD 650, and is in
agreement with previous estimates (Chen et al., 1992; Stanley et al., 2004).

4.5.3

Cores immediately to the west  results

Cores at the western margin of the ancient settlement of Naukratis (A04, A13, A14, A18,
A19, A23, A27 and A32) record two main stratigraphic units below the modern layers
(Fig. 4.9): ne sands of Unit B underneath highly organic-rich silts (Unit D). In addition
to these boreholes, an archaeological trench (Trench 8) was opened entirely within Unit
D, and was able to provide further sedimentological information on this unit.
In the cores in this area, Unit B persists only below -0.7masl, and in cores A19, A27 and
A32 the unit is observed to unconformably lie on top of earlier sediments (Fig. 4.9). In
core A18, however, Unit B grades into Unit A at the very base of the sequence. In
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Figure 4.9: Geological logs of the cores drilled to the west of Kom Geif. Three columns

of data are presented for each core. The left-hand column displays lithological information, the next groups the deposits into stratigraphic units.

In the right-hand column

the presence of a pink bar indicates the occurrence of ceramic material.

The earlier

sediments in A32, A19 and A27 are discussed below and in Fig. 4.13. From Pennington
and Thomas (2016).
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contrast to the cores in the far west, however, in these cores unit B contains large
quantities of pottery (510% by volume). These abundant fragments of pottery date
solely from between c. 620 BC and c. 500330 BC.

Above Unit B these cores encounter Unit D (between -0.7 to 2.8masl), which comprises
very organic-rich, inhomogeneous, dark green to black sediments containing large
quantities of anthropogenic debris (generally 525% by volume; occasionally up to 80%)
within a silt matrix. The modal grain-size of the clastic matrix usually varies between
2545µm, but the anthropogenic debris can be up to >10cm. This debris mainly
comprises pottery (one piece of which was inscribed), bone fragments, and pieces of
worked wood, although in the south (A13 and A14) large quantities of worked limestone
fragments were also found. In addition to this debris, there are large quantities of plant
remains, especially reedy material. Many of the plant remains (as well as the wood) are
decomposed, giving rise to the black colouration of the sediments. The pottery within
Unit D from the augerings in the north (A04, A18, A19, A23, A27, A32) and Trench 8
comprises a well-stratied sequence of later Late Period (450330 BC), early Ptolemaic
(330200 BC) and late Ptolemaic (20030 BC) material without any Roman debris. This
is in contrast to the pottery within Unit D as seen in the southern boreholes A13 and
A14, which is not stratied but comprises mixed Late Period, early Ptolemaic and late
Ptolemaic fragments.

Above Unit D, cores A18, A19, A27 & A32 (within the modern lake) record up to 50cm
of black, smelly, clay-grade gloop that has clearly been deposited within the lake; cores
A13 and A14 (outside the lake in the south) record Unit C. However, cores A04 & A23
(outside the lake in the north), record a further unit, Unit E. This unit is also observed
in two other shallow boreholes near this area (A20 and A24), and is made up of
sediments which in general are characterised by their heterogeneity. Usually they are of
coarse silt grade, are moderately (sometimes poorly) sorted, are micaceous and vary in
colour between a series of greys and browns (10YR 3/2  2.5Y 3/2  2.5Y 4/2  2.5Y 3/1
 10YR 3/1  5Y 3/2  5Y 3/1  5Y 2.5/1). There are no clear patterns in grain-size
within the unit. Sherd content is very variable, often around 510%, but sometimes only
tiny ecks are encountered; in other places pottery fragments constitute over 30% of the
sample. Charcoal is often fairly abundant within the deposits; rhizoconcretions are also
frequently present, usually at some 14% by volume; bone and shell fragments (and
occasionally things that appear to be calcied dung) are sporadically encountered. The
sediments are often mottled in a variety of colours (black, brown, grey, green, yellow),
and sometimes take on either a speckled or streaky, inhomogeneous appearance. In A04,
the base of this unit is marked by a distinct 40cm-thick horizon made up almost entirely
of Roman pottery fragments. In A20 and A24 the sherd material comprises large
amounts of Byzantine and Roman material with some earlier fragments.
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Cores immediately to the west  interpretation

These cores located at the margin between the settlement and the site provide
information on the evolving relationship between Naukratis and its contemporary
riverbank from c. 620 BC to AD 650. Initially, the Late Period waterfront was a sandy
riverbank. This is shown by the presence of Unit B, which was previously interpreted
(section 4.5.2) as representing upper bar deposits, and here forms the channel margin
contemporaneous with early occupation at the site. The abundant fragments of pottery
from the unit date solely between c. 620 BC and c. 500330 BC thus giving an age for
its deposition, contemporaneous with Late Period occupation at Naukratis. The unit's
position at the edge of the site is certain due to its direct onlap of the earlier sediments
in cores A19 & A27, and its proximity to the contemporary archaeology. The top surface
of the unit is situated at a minimum of 0.51m below the lowest archaeological layers in
the settlement, thus it can be seen as having formed a beach-like environment of sandy
deposits at a slightly lower level than the town.
Above Unit B, the organic-rich, fairly coarse silts of Unit D containing large amounts of
wood, reeds, pottery and bone, represent a swampy environment, such as a marsh, a
canal ll or some combination of these. In the north (A01, A18, A19, A23, A27), the
stratied sequence of pottery shows that these sediments were laid down between c.
450330 BC to 20030 BC. It thus seems that around 400 BC (at some point between c.
450330 BC), while the main river channel altered its course to the west over a short
period of time, the area then continually silted up under quiescent conditions, forming a
swampy backwater and later a marsh, as suggested by the ne-grained nature of the unit
(slow-moving water) and well-preserved organics (poorly-oxygenated conditions). Into
this swampy marsh environment there was continual dumping of domestic refuse, and
also votive oerings as attested (for example) by the inscribed pottery fragment. It is
clear that the silting-up was completed before Roman times, as there is no Roman
pottery recovered from Unit D.
This fairly sudden change in sedimentary environment from Unit B to Unit D (over some
50100 years) could have come about in a number of dierent ways. The deposition of a
mid-channel sandbar within the channel further west (perhaps represented by the lower
of two second-order ning-up sequences potentially observed within Unit B in A03), or
construction of harbour facilities within the channel (to form enclosed structures) may
have restricted the river's ow to its east, resulting in a decrease in the energy of the
depositional environment. Based on the evidence from the auger survey and limited
excavation (Trench 8), the former interpretation is favoured, but the question can only
be denitively answered with further archaeological excavation.
Once the marsh had silted up, it seems that the area was built over during Roman times,
and the new riverfront further west was maintained until the end of the site's
occupation. The large amounts of Roman debris directly atop Unit D in core A04 could
be related to an eort to consolidate the ground layers and extend the town area
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westwards over the old swamp. Augerings A20 and A24, which were drilled further
west, just east of the new waterfront yielded Byzantine (and Roman) cultural material.
Magnetometry results (Thomas, 2015, p. 254; Thomas and Villing, 2013, p. 93) have
shown there to be no archaeological deposits further to the west of this Byzantine
waterfront.
Further south (cores A13 and A14) the picture is slightly dierent. Although the earlier
sandy riverbank environment of Unit B is seen to give way to a more organic-rich
swampy environment (Unit D) in the same sequence as in the north, the sediments of the
upper organic-rich unit in the south were not laid down continually through the later
Late Period through Ptolemaic times, but instead were all deposited at the end of the
Ptolemaic period, since the pottery from within the unit here consists of mixed Late
Period, early Ptolemaic and late Ptolemaic fragments. Thus in contrast to the stratied
deposits in the north (attesting to continuous deposition), the mixed sequence suggests
that the southern area was maintained and dredged during Ptolemaic times (before
being left to silt up at the end of this period), possibly providing a waterborne link
between the river and the ritual limestone quay serving the nearby Egyptian temple of
Amun-Ra during this time (Thomas, 2015, p. 254; Thomas and Villing, 2013, p. 93).
Deposits of Unit E, lying at the top of the sequence, are assumed to variously constitute
tell architecture, settlement layers within the ancient town, and (in places) sediments
deposited within the town following its abandonment. An interpretation as such is
suggested after convincing parallels for the deposits are observed through extensive
sedimentological analysis of in-situ archaeological sections in trenches, sedimentary
analysis of mudbricks encountered at the site, and integration of the auger survey data
with magnetometry and other archaeological data. The lack of natural sedimentary
patterns in Unit E is to be expected within an anthropogenic context due to the
variability of the depositional environment over very small length scales; this also
accounts for the heterogeneity of the deposits. The speckled or streaky nature of the
sediments probably results in some instances from varied diagenetic chemical processes
operating in these depositional environments. In places large quantities of pottery within
the unit is as a result of dumping; in other places background pottery simply reects a
human presence.

4.5.5

Cores in the east  results

This section presents the overall set of sediments encountered in the boreholes to the
east of the site, primarily those encountered in cores A34, A29, A30, A31, A35, A37,
A38, A10, A15, A41, A42, A43, A09 & A08 (Fig. 4.10). Three new units are
encountered: from the base of the sequence upwards these units are labelled F, G and H;
Unit E (discussed above) is also present, found only within those cores located inside the
ancient settlement. At the base of the sequence lies Unit F (Fig. 4.10). This unit is
represented in most cores by a sequence of barren, black (10Y 3/0  5Y 2.5/0  2.5Y
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2.5/0), well-sorted, sparsely micaceous deposits, which coarsen downwards over 0.51m
from medium/coarse silts to ne or medium sands, with numerous laminae. The deposits
become progressively ner towards the east (A41, A42, A43); in A42 and A43 furthest
east there are also less-micaceous ner silts with some rhizoconcretions and plant
remains present.
Above Unit F exists Unit G. In the boreholes drilled closer to the site (A35, A37, A38,
A29, A30, A08, A09) this thin unit is represented by grey-greenish (5Y 3/1  2.5Y 3/1 
2.5Y 2.5/1), non-micaceous medium/coarse silts with 10% green mottling, plentiful white
calcareous streaking throughout, and numerous rhizoconcretions, especially at the top
(720%). There is some variability between the cores: in A38 it is a little ner; in A35 it
is coarser and browner (2.5Y 4/2  2.5Y 4/3  10YR 4/3) with black mottling. Further
east, however, the unit is dierent. Progressing eastward through boreholes A10, A15,
A41, A42 and A43 (Fig. 4.10) the sediments become progressively darker in colour, with
less green mottling and fewer rhizoconcretions, but instead with black and brown
(rust-coloured) mottling and more organic matter (up to 1012%). A31 is slightly
dierent again, with the unit appearing light grey in colour, and containing large
numbers of gastropod shells (up to 10%) and some undecomposed plant remains, but
still with some greenish mottling and rhizoconcretions. Some pottery is found within this
unit.
Unit G grades upwards into Unit H (Fig. 4.10), the lower section of which usually
comprises sparsely micaceous grey or brown ne silts (2.5Y 3/1; sometimes 2.5Y 3/2 
10YR 3/2) with rhizoconcretions (35%), black mottling, pottery (usually <1%), and
sporadic gastropod shells. Above this, the sediments gradually give way to coarser,
browner (10YR 3/2  2.5Y 3/2) micaceous silts with similar amounts of pottery, but less
black mottling and fewer shells and rhizoconcretions (often <1%). The top metre,
however, is usually signicantly more highly enriched in pottery (to 10%), and also
contains the modern soil prole. There is also a sandy lens encountered in the upper
layers of A10, A15 and A41. In locations outside the limits of the ancient city (Fig. 4.8),
Unit H is the uppermost unit encountered in the auger cores. Within the city, however,
the uppermost deposits encountered are those of Unit E (discussed above).
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Figure 4.10: Geological logs of the cores drilled to the east of Kom Geif, broadly along transects II', IIII' and IIIIII' (Fig. 4.8). Five columns of

data are displayed for each core. The left-hand column displays lithological information, the next groups the deposits into stratigraphic units. In the
next column the presence of a purple bar indicates the occurrence of ceramic material. The last two columns indicate the percentage of rhizoconcretions,
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and abundance of mica respectively. Dashed lines indicate breaks in the section.
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4.5.6

Cores in the east  interpretation

These sediments to the east of the ancient site are interpreted as recording the presence
and abandonment of an earlier course of the Canopic branch of the Nile situated to the
east of the ancient settlement (Unit F) and the transition to a oodplain environment
(Units G, H), as well as the building of settlement architecture over part of its ancient
course (Unit E). An interpretative schematic of this area is shown as Fig. 4.11.
Deposits of Unit F are interpreted as deriving from an earlier course of the Canopic
branch of the Nile (shown on Fig. 4.8). The well-sorted ning up sequences seen in A29,
A30, A31, A35, A37, A38, A10, A15 and A09 (at the same elevation) with ne sands at
their base are typical of sediments deposited under waning ow, within a channel that is
gradually shallowing and narrowing (Toonen et al., 2012). As such, they record the
position of an ancient river whose discharge was gradually decreasing. It is most likely
that this river was an older course of the Canopic, situated to the east of the settlement,
and was losing discharge due to its undergoing gradual avulsion (Bristow, 1999), with its
later main course situated to the west of the ancient settlement, in the position recorded
by Units A and B (discussed above). The basal position of Unit F (Fig. 4.11) is
testament to the sediments being older than those of Units A and B, indicating that this
eastern course of the Canopic is older than the western course (section 4.5.2). The
absence of pottery from the deposits (except for three isolated fragments at its very top)
indicates that the river ceased to ow in this area prior to the settlement of Naukratis
being founded c. 620 BC. Further sedimentary evidence to support the identication of
deposits of Unit F as deriving from an earlier course of the Canopic comes from the
nature of the unit further east. The deposits become progressively ner eastwards
documenting less proximal uvial facies, as would be expected from levee/oodplain
sediments in this location. The less-coarse, more laminated deposits of Unit F in A41
and A42 probably represent levee environments, while the ner sequence seen in A43
likely records a distil levee location; the minor presence of preserved plant remains in this
core further suggests a less well-drained environment further from the main channel.
Unit H, at the top of the sequence, probably represents cultivated as well as natural
oodplain landscapes. That vegetation was present is evidenced by the deposits
containing rhizoconcretions; human activity in the vicinity is indicated by the presence
of pottery within the deposits. It is probable that this area east of the settlement was
used for agriculture by the inhabitants of Naukratis. The minor observed vertical and
lateral variability within the unit is not (as yet) understood, although the sandy lens
seen in A10, A15 and A41 may represent a minor crevasse splay originating from the
Canopic river to the west. The fact that the uppermost metre of the deposits is
signicantly enriched in pottery probably results from relatively modern activities of the
sebbakhin: farmers who harvested archaeological deposits for use as fertiliser on their
elds (Bailey, 1999).
Unit G, between Units F and H, is thought of as a transitional unit between the
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Figure 4.11: An interpretive cross section through Kom Geif, along line IIII' indicated

on Fig. 4.8.

channel and levee facies of Unit F, and the oodplain environments of Unit H lying
above (Fig. 4.11). It gets darker in colour and more organic-rich towards the east; this
may be because this is further from the Canopic river and thus the landscapes there are
slightly less-well-drained.

4.5.7

Cores further south

Cores A47 and A48 were drilled further south. Beneath the surface layers of pottery-rich
soil (Unit C) both cores encountered deposits of Unit B (Fig. 4.12): a series of
coarsening downwards sequences from brown (10YR 3/2) micaceous coarse silts to
micaceous very ne sands (colour 2.5Y 3/3  2.5Y 4/3) with black mottling, and minor
white calcareous streaking and rhizoconcretions developed in the ner layers. These
layers persist to a depth of c. 3.3m, and are interpreted as levee sediments derived from
the Canopic river immediately to the west.
These sands, however, do not coarsen downwards into Unit A as they do in the boreholes
further west (see above in section 4.5.1) but instead are suddenly underlain by grey
coarse silts which become greyer (N 3/0) and ner further down. These layers contain
rhizoconcretions (210%), shell fragments, black mottling, are non-micaceous and often
streaked in brown and grey. They also contain pottery ecks. In A47 the very base of
these deposits is found to be composed of medium sand. These layers are mapped as Unit
E and are thought to represent mudbrick architecture. The sharp nature of the upper
contact with Unit B suggests they do not result from natural oodplain sedimentation.
If they were natural sediments, then a gradual contact would have been expected, and
also much coarser sediments would have been expected to have existed at these depths
due to the proximity of the nearby Canopic river; the ne silts encountered in the cores
appear very out of place. Instead, it appears that once the site had been abandoned,
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Figure 4.12: Geological logs of the cores drilled to the far south of Kom Geif.

Four

columns of data are displayed for each core. The left-hand column displays lithological
information, the next groups the deposits into stratigraphic units. In the next column
the presence of a purple bar indicates the occurrence of ceramic material. The last two
columns indicate the percentage of rhizoconcretions, and abundance of mica respectively.

continual aggradation of the ground surface under ooding from the nearby river nally
resulted in onlap of the sediments of Unit B burying the mudbrick architecture of the
abandoned settlement. The lowest deposits in this location (only penetrated in A47) are
deposits of Unit F, represented by black (2.5Y 2.5/0), barren, sparsely micaceous
deposits with some purply-black mottling which coarsen down to very ne and ne
sands, and which are assumed to derive from the older Canopic course to the east.

4.5.8

Cores in the centre and north  results

This section presents the sediments encountered in A33, A17, A25, A28, A27, A32, A19,
A16, A36, A45, A46 and A05, within the centre and north of the site. In many of these
cores the upper deposits belong to Units B, D, E and F, units which are discussed above.
Below these deposits, however, the sediments are dierent and complex, and it is
necessary to dene ve working units to describe the (pre-occupation) sediments in this
area: Units BM, BOCM, BUMA, BGS, BNXT (Fig. 4.13). The lateral relationships of
these units to one another are extremely complex  they seem to vary extraordinarily
over short distances and display few readily-understandable stratigraphic relationships at
the scale of sampling. They are older than Units E and F (given that they lie underneath
them), and so seem to have all been deposited prior to occupation at the site. A general
description of these units is oered below, but the units are complex and vary quite
substantially between the dierent boreholes in which they are encountered. None of the
units is encountered in all the boreholes discussed in this section.
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Unit BM is seen only in the north and west and is a blue-grey, sti, non-micaceous, ne
silty clay containing rhizoconcretions at some 210%, and with a brownish alteration or
tinge that appears permeated through the deposit. Sometimes minor layered black
organics are seen in the deposits; at other times there is minor quartz speckling. This
deposit is usually about 50cm to a metre thick.

Unit BOCM, which lies underneath BM in the north, but lies directly under Unit F in
the south is usually about a metre in thickness and is dened by the extremely obvious
presence of very distinctive bright orange mottling in streaks and lines, which can make
up to 2030% of the sample, within a usually grey (2.5Y 3/1  N 2.5/0  5Y 3/1)
medium or ne silt. In the north of the site the unit is non-micaceous and tends to be
ner, containing frequent rhizoconcretions (515%); in the south it is often sparsely
micaceous at the top (non-micaceous lower down), and contains fewer rhizoconcretions
but sandy partings.

In two boreholes in the west (A32, A19), Unit BNXT lies underneath Unit BM, not Unit
BOCM. Unit BNXT is of a dierent grain-size in these two boreholes but appears to be
laterally continuous. It comprises barren, well-sorted non-micaceous medium and coarse
silts and ne sands. The base of this unit was never penetrated.

In the north, underneath Unit BOCM is Unit BUMA, comprising coarsening downward
sequences of barren, clean brown, micaceous coarse silts to yellow ne sands. Sometimes
this unit is over 3m thick; in other places it is only a few tens of centimetres in thickness.
Lateral continuity of the sands is indicated by the fact that when penetrated, water
consistently wells up from the sediments  it acts as an aquifer.

In the south underneath Unit BOCM is Unit BGS, the base of which was never
penetrated (although it appears over 3.5m in thickness). This unit is also seen
underneath Unit BUMA in the north. It generally comprises blue or black (N 2.5/0 
10Y 3/0  2.5Y 2.5/0  5Y 2.5/0) sparsely micaceous barren coarse silts (although in
places it is much ner and non-micaceous) with very rare rhizoconcretions, occasional
sandy partings, and large amounts of plant remains (up to 1015%) towards its base.
This unit is quite laterally inhomogeneous, and in A36 in particular it is much ner,
much more homogeneous, and a dierent colour (bright blue).

Within the southern area of the lake (A16, A36, A45, A46, A05) it appears that these
units dip downwards towards the west. The units also appear to dip downwards towards
the south: in the northern area of the lake (A33, A17, A25, A28, A27, A19, A32), the
top of these units is fairly level at -1 to -0.7masl, but the south of the lake their top
varies between -3.7 to -1.7masl, with deposits of Unit F lying above.
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4.5.9
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Cores in the centre and north  interpretation

The range of environments encompassed by units BM, BOCM, BNXT, BUMA and BGS
are very varied, even over very small length-scales, and are extremely complex to
unambiguously interpret. They would probably have been a little easier to interpret if
they had not (presumably) been eroded on both the east and the west by the Canopic
branch of the Nile. In some of the cores in the south of this area (A05, A16, A36, A45,
A46) the deposits of Unit F above these units likely represent levee sedimentation
derived from the early Canopic channel located to the east.

4.5.10

Reinterpretation of stratigraphies encountered in earlier cores

The older geoarchaeological surveys at the site came to dierent conclusions than the
present study as to the landscapes surrounding the settlement during antiquity (Coulson

et al., 1982, p. 75; Möller, 2000, p. 116; Villas, 1996). This is thought to be because the
boreholes of the older surveys were located in north-south transects parallel to (rather
than perpendicular to) the prevailing geomorphological trends, and also predominantly
within the connes of the ancient town. Both of these factors would have signicantly
impeded interpretation of the sediments, and as a result make it very dicult to believe
the surveys' conclusions about the regional geology.
Based on the entire auger survey conducted herein, a reinterpretation of the deposits
encountered in all cores drilled previously at the site is therefore oered. This is done in
three parts. First, those cores previously drilled at the west of the site are reinterpreted.
Then, those towards the south and east of the site are reconsidered. Finally, the cores
drilled towards the centre of the site are discussed.
In the west of the site, the sediments within cores SM-8 and SM-9 (Villas, 1996), can be
correlated with units B and D of the current survey (Pennington and Thomas, 2016).
The base of SM-8 consists of ne and very-ne sand (correlated with Unit B of the
present survey), while further up the material is recorded as being ner and seems to
contain organic matter (correlated with Unit D). SM-9 is shallower and so only records
the upper, ner, more organic-rich Unit D.
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Figure 4.13: Geological logs of the cores drilled in the centre and north of Kom Geif, broadly along transect IVIV'. Five columns of data are displayed

presence of a purple bar indicates the occurrence of ceramic material. The last two columns indicate the percentage of rhizoconcretions, and abundance
of mica respectively.
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for each core. The left-hand column displays lithological information, the next groups the deposits into stratigraphic units. In the next column the
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Towards the south and east of the site, cores SM-1, SM-2, SM-3, SM-5, SM-6, SM-7,
SM-10, B and C are located (Coulson, 1996; Leonard, 1997; Villas, 1996). It is now
thought that all the sediments encountered in these cores upwards of depths of 5.4m,
5.1m, 4.4m, 3.9m, 5.1m, 4.5m, 5.4m, 4.0m and c. 4.8m respectively are simply cultural
layers of Unit E, of primarily anthropogenic origin, deriving from settlement at the site.
These sediments were previously interpreted variously as deriving from depositional
settings including oxbow lakes, channel lls, levees, crevasse splays, swamps, ponds,
lagoons and oodplain environments. Such a variety of depositional environments are
not supported by the current auger survey, nor the data from the magnetometry survey
or other lines of reasoning (Thomas and Villing, 2013). It is most likely that these
complex and inhomogeneous deposits that constitute the settlement layers of Naukratis
were simply interpreted previously within a purely geological, rather than
geoarchaeological framework.
Underneath these levels there is some indication that cores SM-5, SM-7 and B may have
encountered deposits of Unit G to depths of 5.8m, 5.5m and 5m respectively, where they
encountered grey-green sandy silts. At the very base, the sands or silty sands in which
SM-1, SM-2, SM-3, SM-6, SM-7, SM-10 and C terminated (previously interpreted as
channel bar) are correlated with Unit F. To some extent, therefore, the previous
interpretation of these parts of the cores appear correct, and indeed the presence of an
earlier river prior to the settlement at Naukratis running broadly in one of the positions
indicated by Villas (1996, p. 172), to the east of the ancient settlement, is supported by
the present interpretation of the deposits of Unit F as discussed above.
Towards the middle and north of the site cores A and SM-4 are located (Coulson, 1996;
Villas, 1996). Core A is reinterpreted to have encountered cultural deposits of Unit E to
a depth of 5.5m; underneath this the dense grey/brown clay and silt and dense grey
clay are thought to be Unit BM; the entirety of borehole SM-4 is thought to have
encountered Unit E.

4.5.11

Aggradation rates

While some of the aggradation history of the sediments to the west of the site has
already been discussed (sections 4.5.2 & 4.5.4), this was in the context of the aggrading
river channel, whose depositional history does not reect regional patterns of oodplain
aggradation rates. To reconstruct the history of aggradation rates across the oodplain
around Kom Geif, information has to be used from the cores in the east, where the area
has been a oodplain since prior to c. 620 BC.
Here, the large volume of identiable archaeological material recovered from the
boreholes at Kom Geif (761 diagnostic fragments) allows for the construction of a
depth-age curve for the deposits, and a more involved discussion of the aggradation
history than is possible at Kom al-Ahmer/Kom Wasit and Tell Mutubis. In order to
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construct such a curve, the maximum age-range of recovered pottery fragments was
plotted against the depth of their recovery (Fig. 4.14), a method used in Egypt
elsewhere (Bunbury et al., 2008; Toonen et al., in press), since export of samples for
radiocarbon dating is problematic. Each identiable pottery fragment can be assumed to
provide a terminus post quem date for the sediments which host it. As explained in
section 4.2, only those sherds which were located from the sediments sampled from the
bottom of the hole were included, not those that could have fallen in, or stuck to the
outside of the auger whilst it was being removed. Furthermore, only pottery fragments
from Units G and H (and the very top of Unit F) were included in the analysis as these
units represent the natural aggradation history of the uvial oodplain.
The lowest pottery comes from a depth of 4.9m5.6m below the surface (Fig. 4.14). This
material dates from the Late Period (664332 BC), and so an average aggradation rate
of 1.8mm/yr  2.4mm/yr since this time can be calculated (most likely 1.9mm/yr if the
material dates from Naukratis' inception c. 620 BC, and the isolated fragments from
within Unit F are not taken into account). Above this, pottery dating from the Late
Period only (no later phases) appears to exist in the deposits to a depth of 1m, above
which the rst material dating from denitively after 330 BC occurs. The absence of
pottery dating from later than 330 BC from deposits at 14.9m depth could be a result
of two factors: either extremely fast aggradation (12mm/yr) in the period 664330 BC,
followed by slow aggradation to the present at 0.4mm/yr, or an absence of large scale
human activity in the oodplain (and thus a total absence of contemporaneous pottery
within the deposits) during the Ptolemaic and Roman periods, and then redistribution of
such material across the elds at a much later date as a result of activities of
sebbakhin. It is not known which of these two scenarios is the case. Extremely fast
aggradation in the rst millennium BC could have been forced by the fact that the
location of the older (eastern) course of the Canopic may have represented a topographic
low in the landscape post-abandonment, which was then rapidly lled in with nes
during the seasonal inundation. On the other hand, the fact that it is only the top metre
that contains later fragments is suspicious: from personal experience it often appears
that sebbakh is attested to a depth of approximately 1m. Either way, however, one fact
remains, which is that the average aggradation rate since c. 620 BC is c. 1.9mm/yr.

4.5.12

Conclusions  Kom Geif

The auger survey at Kom Geif has revealed a wealth of information about the landscapes
prior to and contemporary with the Late Period  Byzantine site of Naukratis. The
oldest deposits in the survey are the complex, inhomogeneous sedimentary units BGS,
BUMA, BOCM, BNXT and BM. These deposits represent a wide range of landscape
types and are too dicult to interpret at the horizontal resolution aorded by the auger
sampling. It is likely that they were originally laid down over a much wider area than
their present extent, but that they have been eroded to their east, west and south by the
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Figure 4.14:

Aggradation history of the oodplain at Kom Geif.

Each individual

horizontal line represents a single diagnostic piece of recovered pottery; the length of the
line (in the x-direction) shows the maximum age-range that fragment corresponds to (it
is a chronological error-bar); the position of the line on the y-axis plots its recovered
depth. The lines are coloured according to which sedimentary unit the pottery is hosted
within.

Note the transition at c.

1m below the surface:

above this depth fragments

which denitively date from after 330 BC are rst encountered. The grey bar shows the
average aggradation history; the green bar shows the maximum.

Canopic river. All the later sediments deposited at the site are signicantly easier to
interpret, varying more predictably across larger areas. The Canopic river rst existed to
the east of the site prior to occupation during the Late Period, before it ceased to ow in
this position and underwent an avulsion, after which it was located to the west. This
avulsion was probably completed in the rst half of the rst millennium BC, leaving a
large sandbody in its prior position. From c. 620 BC settlement started at Naukratis,
and the river migrated slightly westward through time, leaving a swampy backwater
abutting the site, before it nally ceased to ow at the end of the rst millennium AD.

The aggradation history of the area is complex. While it is clear that the oodplain in
the eastern area originally occupied by the Canopic channel has been buried at an
average rate of c. 1.9mm/yr since c. 620 BC, the exact depth-age curve is dicult to
interpret, and could possibly suggest a period of very fast aggradation in the second half
of the rst millennium BC. This could have been in turn driven by the presence of a
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topographic depression in the location of the older eastern palaeo-channel during
antiquity.

4.6

Conclusions & regional correlation

The geological eldwork undertaken at the three sites in this chapter has provided a
wealth of lithostratigraphic data and information on Holocene landscape succession in
the western delta, building upon the corpus of literature reviewed in the previous
chapter. In addition (although of lesser relevance to the current thesis), the work has
also provided data to contribute to an understanding of the specic landscape settings of
a number of important settlements during the rst millennia BC and AD, and even shed
some light on aspects of the ancient navigational landscapes of the delta (by locating
palaeochannels). From the data collected, it is possible to build up a general picture of
the sedimentary sequence of the western Nile Delta, and relate this to an overall sense of
landscape evolution of the area through time.

4.6.1

Generalised sedimentary sequence

The sediments encountered at the three sites are very similar, and can be grouped
together into four overall units (Fig. 4.15). The lowermost deposits encountered
(penetrated at both Kom al-Ahmer/Kom Wasit and Tell Mutubis) comprise a
ning-upwards sequence from micaceous black or very dark green ne and very ne
sands (Unit X at KA/KW and Tell Mutubis), or rhizoconcretion-rich sti silts (Unit Y
at Tell Mutubis). These very basal sediments most likely belong to the Mit Ghamr
Formation (see section 3.1), since the deep geological core undertaken near Kom
al-Ahmer (Said, 1981) encountered sandy deposits at similar depths which were
interpreted as such, and the units are also similar to the lowermost deposits at Buto
(Wunderlich, 1989). Further data in support of such an assignment comes from the fact
that the these micaceous uvially-derived sediments display an undulating top surface
marked in places by calcium concretions, and host sti silts  characteristic of the Mit
Ghamr Formation. The green colours of these sands are also observed elsewhere (Andres
and Wunderlich, 1991), and indicate reducing conditions persisting above. These
deposits are not thought to have been encountered at Kom Geif.
Above these sediments (Fig. 4.15), deposits at both Kom al-Ahmer/Kom Wasit (Unit G)
and Tell Mutubis (Unit G) are thought to form a correlatable unit. These sediments
comprise very ne-grained, blue-black or grey-blue (N 3/0) silty clays with large amounts
of decomposed and undecomposed plant material but no rhizoconcretions. Sometimes
the sediments smell strongly of hydrogen sulphide. These deposits are interpreted as
originating from semi-terrestrial, swampy environments and are nearly identical to those
observed elsewhere in the Nile Delta, in the vicinity of Buto, for example (Andres and
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Figure 4.15:

Modern Aeolian Mbr
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Mit Ghamr Fm

Summary cross-sections from eldwork undertaken in the western Nile

Delta. a) Kom al-Ahmer/Kom Wasit; b) Tell Mutubis; c) Kom Geif. The names of the
units given in text are those given within the auger surveys (discussed above); the key
shows their grouping within the framework of the current synthesis (see chapter 5).

Wunderlich, 1986; Wunderlich, 1993, 1989, 1988). These deposits are also thought to be
contemporaneous with the lowermost  extremely heterogeneous  sediments
encountered at Kom Geif (Units BGS, BUMA, BOCM, BNXT & BM).

In the hinterland outside the archaeological sites, deposits overlying these
heterogeneous or swampy facies comprise the uppermost sediments encountered, and can
also be considered together. These sediments derive from relatively recent channel-bar,
channel-ll, levee and oodplain environments (Units A, B, D, E, H & I at KA/KW;
Units A, B, C at Tell Mutubis; Units A, B, C, D, F, G, H at Kom Geif ). Within these
sediments, channel-bar deposits comprise ning-upwards sequences over a range of scales,
from moderately-to-well sorted, barren, massively bedded, sparsely-micaceous ne and
medium sands (often 2.5Y 4/3 in colour) to well-sorted, laminated, micaceous silty loams
of coarse silt grade which are browner in colour, contain occasional rhizoconcretions,
pottery fragments, and sometimes minor black mottling (organic reduction halos). Levee
deposits are of a slightly ner grade than the bar deposits, are more laminated and never
massively bedded, and generally contain a higher percentage of rhizoconcretions than the
bar deposits (as would be expected, since they are more likely to both have been more
heavily vegetated and subject to an oscillating water table). They also often contain
more pottery than the upper bar deposits. Floodplain sediments generally comprise
brown (10YR 3/2) well-sorted medium and coarse silts containing sporadic
rhizoconcretions, pottery, occasional shells, and some black mottling. The residual
channel ll deposit at Kom al-Ahmer/Kom Wasit (Units D & E) also has much in
common with Unit D at Kom Geif. Both these extremely organic rich, heavily
laminated, pottery rich coarse silty units are slack-water deposits laid down in close
proximity to extensive anthropogenic activity.
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Finally, those anthropogenic sediments which make up the tell at each site are very
similar (Unit C at KA/KW; Unit E at Tell Mutubis & Kom Geif ). These deposits are
characterised overwhelmingly by their inhomogeneity, their poor degree of sorting,
presence of large amounts of anthropogenic material, relatively high organic content,
often mottled, speckled or streaky appearance, and slightly greener colour (2.5Y 3/2)
than surrounding oodplain sediments. Mudbrick architecture, when drilled through,
can appear very similar to deposits of natural origin, but can be recognised and
distinguished by the presence of very tiny pot ecks (<1mm), the occasional presence of
dung or straw, the less-well sorted nature of the deposits, the lack of any vertical trends
in grain-size, and the lack of convincing sedimentary structures.

4.6.2

Generalised landscape succession

The similarities in the sediments observed at the sites attest to extensive similarities
between the histories of landscape succession at the three sites, especially at Kom
al-Ahmer and Tell Mutubis. At both of these sites, the landscape evolution is
characterised by the genesis and subsequent disappearance of a semi-terrestrial lacustrine
or swampy environment prior to occupation in the area (recorded by Unit G in both
cases). This landscape replaced earlier uvial landscapes characterised by the deposition
of sandier sediments than the present oodplain, which themselves perhaps resulted from
higher energy deposition due to an increased gradient resulting from lowered base-level
in the earlier Holocene.

Unit G is interpreted as representing semi-terrestrial landscapes for a number of reasons.
The extremely ne-grained nature of the deposits and lack of rhizoconcretions suggests
deposition in standing water, while large amounts of vegetation are attested by the large
quantities of organic matter within the unit, and the smell of hydrogen sulphide in
places. The high degree of lateral inhomogeneity of the lowermost sediments seen at
Kom Geif (also thought to be contemporary with these deposits) suggests a very varied,
dynamic landscape.

Upwards, at all three sites, these lower deposits give way to browner, slightly coarser
sediments with more rhizoconcretions and signicantly less organic matter (Units H & I
at Kom al-Ahmer/Kom Wasit; Unit C at Tell Mutubis; Units G, H and C at Kom Geif )
in which wide and extensive levee deposits are observed. The later landscapes
represented by these deposits are much more well-drained, and appear to be more
homogeneous. It was within these landscapes that occupation and the building of tell
architecture at all three sites commenced.
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Methodological considerations

The methodology employed at the sites, involving large numbers of closely spaced
boreholes, is useful in distinguishing particular sedimentary units. Specically, if it were
only individual cores that were analysed there is the potential to confuse sandy deposits
deposited within a Holocene channel with sediments belonging to the Mit Ghamr
Formation. The drilling of large numbers of cores at closely-spaced intervals allows for
channels to be recognised not only by their deposits within a single borehole, but
through lateral variations in their associated deposits. Furthermore, with experience
(from drilling large numbers of cores) the exact down-hole sequence that is observed in
the Nile Delta indicating a palaeo-river channel becomes very obvious.
If only individual core records were taken there is also the possible potential to confuse
channel-ll deposits (such as Units D and E at Kom al-Ahmer/Kom Wasit, or Unit D at
Kom Geif ) with those of the more swampy facies lower in the sequence, based on their
containing large amounts of organic material. These methodological considerations have
wide implications for understanding and re-interpreting the conclusions of other studies.

Chapter 5

A new stratigraphic framework for
the Holocene Nile Delta
5.1

Stratigraphic framework

Based on the survey of the literature undertaken within chapter 3, as well as the
eldwork accomplished in chapter 4, a new stratigraphic framework is proposed for the
uppermost deposits of the Nile Delta. Eight stratigraphic units within four stratigraphic
Formations are dened and described below.

5.1.1

The Mit Ghamr Formation

The Mit Ghamr Formation, lying at the base of the Upper Quaternary sequence and
described from its type section in the Mit Ghamr oil well (Rizzini et al., 1978) broadly
comprises medium-coarse quartzose sands (with some ner layers), containing pebbles of
quartzite, chert and dolomite (Rizzini et al., 1978), some autigenic carbonate nodules
(El-Awady, 2009), and rare gastropod shells (Buck, 1990, p. 80). It can, however, be
separated into two dierent units (Butzer, 1974; Sandford and Arkell, 1939), with the
lowermost unit, renamed here as the Zagazig Member, being coarser and mineralogically
dierent to the upper unit, renamed here as the Minuf Member. The top of the unit is
consistently found to be very uneven, and is often made up of a calcareous white
palaeosol some 1040cm thick (Hamdan, 2003). In other locations the top appears
altered in colour to greenish-grey as a result of a milieu that reduces the iron coatings of
the sand grains (Andres and Wunderlich, 1991, p. 123). It is part of this unit that
usually forms turtlebacks where its top surface rises above the modern-day oodplain
surface (Butzer, 1974, 1959; Fourtau, 1915; Judd, 1897; Kholief et al., 1969; Said, 1981).

Zagazig Member: Within the Mit Ghamr Formation, the Zagazig Member has previously
been known by other names: the sub-delta formation (Judd, 1897); or the Lower
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Buried Channel (Sandford and Arkell, 1939). Older stratigraphic syntheses have also
described it as a unit composed of des sables quartzeux gros ou ns entremêlés de bancs
de gravier et de cailloutis (Fourtau, 1915, p. 91); several generations of Pleistocene
sands and gravels (Butzer, 1974, p. 1044); or Mid-Pleistocene coarse sands/cobble
gravels (Butzer, 2002, p. 85). These sands also usually correspond to the diluvial
deposits noted by the Survey of Egypt (Attia, 1954). The material is generally of a
grade between

φ=2.5

and

φ=-5,

with a skew to the ner grain-sizes (Andres and

Wunderlich, 1991; Buck, 1990; Kholief et al., 1969; Rowland and Hamdan, 2012), and is
thus often a medium sand with isolated larger clasts, although in some locations may be
signicantly coarser (Attia, 1954). It is variously reported as being light grey to pale
yellow (2.5YR 13) (de Wit and van Stralen, 1988b), very pale brown (10YR 7/4),
very pale brown... to brownish yellow... [or] yellow (10Y 7/6  10YR 7/8  10YR 7/4 
10YR 6/8) (Hamroush, 1987), light yellowish grey (10YR 8/4) (Hamdan, 2003;
Rowland and Hamdan, 2012) or yellow (Buck, 1990; El-Shahat et al., 2005; Kholief

et al., 1969). The sediments are moderately-to-poorly-sorted but quite homogeneous,
and are sometimes observed as being laminated or cross-stratied with evidence of
ning-upwards cycles (Hamroush, 1987; Kholief et al., 1969; Rowland and Hamdan,
2012), containing very little organic matter (Rowland and Hamdan, 2012). The sands of
this unit are predominantly quartz (80100%), with the remainder mostly plagioclase
feldspar (Zaghloul et al., 1980). The grains themselves have very thin coatings of iron
oxide (El-Shahat et al., 1999; Kholief et al., 1969; Stanley and Chen, 1991), and
carbonate (Kholief et al., 1969). Heavy minerals comprise opaques (magnetite, haematite
and ilmenite), amphibole (predominantly hornblende), pyroxene (augite) and epidote
(pistachite), with minor zircon and other minerals (El-Hinnawi and El-Shahat, 1969;
El-Shahat et al., 2005; Hamdan, 2003; Kholief et al., 1969; Zaghloul et al., 1980).

The sands are generally correlated with the Qena Prenile sands of Upper Egypt on the
basis of lithological characteristics (Said, 1981, p. 56), as well as the Sath Ghorab
Formation (Hamdan, 2003), and are assigned to the (mid?-)Pleistocene. The name given
to the unit here  the Zagazig Member  is chosen since the borehole in which it was rst
recognised as a distinctive unit was undertaken in Zagazig by the Royal Society (Judd,
1897).

Minuf Member: Lying unconformably atop the Zagazig Member is another unit within
the Mit Ghamr Formation: the Minuf Member. The deposits of this Member are slightly
ner than those underneath, display a slightly dierent mineralogy and host clayey
lenses (Butzer, 2002, 1974; Rizzini et al., 1978). Although these deposits have been
known about for many years as a combination of the Upper Buried Channel and
hornblende sands and silts (Sandford and Arkell, 1939); later together under the name
Fine Nilotic Sands (Butzer, 1974), they have generally eluded systematic description
and correlation with other units in Egypt, and do not nd themselves discussed at any
length in geological syntheses (Said, 1993, 1981; Tawadros, 2011). This is probably
because they are not easily-recognisable as a single unit. They most probably comprise a
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complex set of numerous dierent minor units of dierent genetic origin, probably
spanning a large age-range (Butzer, 2002), deposited under an earlier, braided Nilotic
regime (Adamson et al., 1980).

The sands within the unit dier from the underlying Zagazig Member by the presence of
mica (Butzer, 1974; Sandford and Arkell, 1939), or in other places by their less massive
character and ner grain-size (Attia, 1954). Butzer (2002) further suggests they can be
distinguished based on their hosting of clayey lenses variously described as `compact',
`blue', `hard blue', `hard yellow', or `sti ' , containing organic material, carbonate
nodules, and gypsum (Arbouille and Stanley, 1991; Chen and Stanley, 1993). These
lenses are noted in the type section of the Mit Ghamr Formation (Rizzini et al., 1978)
and in other surveys (Andres and Wunderlich, 1991; Tronchère et al., 2012), and are
suggested to have originated in fragmented Late Pleistocene oodbasins, especially near
the modern-day coastline (Butzer, 2002; Chen and Stanley, 1993). Radiocarbon dates of
the MEDIBA survey suggest that the deposits were laid down variously between c. 28 ka
and 9000 BC (Butzer, 2002), while two dates on carbonate nodules at Buto from this
unit range from 18 to 14ka (Wunderlich, 1993). Overall, therefore, this unit records a
varying host of depositional processes that probably operated during the late
Pleistocene, prior to approx. 9000 BC.

Butzer (1974) originally correlated the unit with the Masmas-Ballana and the Gebel
Silsila Formations of Upper Egypt (β 

γ

Neonile deposits of Said (1981)), but given that

the Upper Egyptian lithostratigraphic column for this time period is also tentative
(Butzer, 1998), and heavy mineral analysis in support of this is lacking (Wunderlich and
Andres, 1991), it is perhaps best not to attempt regional correlations at this stage. The
name given to the unit here is chosen after the location of one of the rst boreholes in
which the unit was recognised (Fourtau, 1915).

5.1.2

The Geziracover Formation

In a small number of locations, lying unconformably and directly atop the Mit Ghamr
Formation are deposits which have been interpreted as primarily aeolian reworking of the
sands beneath. These are observed, for instance, at Buto where sorting, rounding,
grain-size distribution and SEM analysis indicate a two stage deposition process: rst
uvial, then by wind (Wunderlich, 1989, pp. 5765). Similar observations were made by
Tronchère et al. (2012, 2009) based on microscopic analysis and architectural
considerations of a deposit they termed the pre-Pelusiac transition layer. The unit's
presence has also be inferred in other surveys (El-Awady, 2009; El-Shahat et al., 2005;
Judd, 1897) where well-sorted, friable, very-ne to medium sands above the Mit Ghamr
Formation have also been attributed to aeolian redeposition.
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The Transgressive Sand Formation

Also lying above the Mit Ghamr Formation, the early Holocene transgressive sand (see
section 3.2) is a sedimentary unit that was dened during the MEDIBA survey (Stanley

et al., 1996), which exists in the north of the delta. The unit is composed of coarse,
poorly-sorted quartzose sand which is olive-grey to yellowish-brown (5Y 3/2  10Y 4/2),
and contains a high percentage of heavy minerals, as well as mollusc and echinoderm
fragments, mica and lithic fragments, as well as pelecypods, gastropods, ostracods and
foraminifera (Arbouille and Stanley, 1991; Chen et al., 1992; Coutellier and Stanley,
1987; El-Shahat et al., 1999; Stanley et al., 1992). The sands are not stained by iron
oxide, in contrast to the Mit Ghamr Formation (El-Shahat et al., 1999). These deposits
were probably originally uvial sediments that incorporated a littoral signature during
retrogradation of the shoreline and major reworking by waves and other coastal processes
between c. 130006000 BC (Stanley et al., 1992).

5.1.4

The Bilqas Formation

First recognised as a distinctive unit under the name of terre végétale (Fourtau, 1915),
the Bilqas Formation (Rizzini et al., 1978) lies above the Mit Ghamr, Geziracover and
Transgressive Sand Formations and makes up the alluvial mud of the delta plain. It is
herein divided into four, with the most important conceptual contribution of the current
synthesis being that the uvially-dominated delta sediments can be divided into a
vertical succession of two separate, laterally correlateable units: Bilqas 2 and Bilqas 1.

Modern Aeolian Member: This unit of convenience is represented by the sediments which
have been deposited by aeolian activity in modern times, and it is also applied to
signicant amounts of archaeological cultural debris (settlement architecture) at tell
sites when encountered in cores from the surface downwards. This grouping of what
might appear very disparate sets of deposits is applied for two reasons. First, tell sites
that lie above the surrounding oodplain act as traps for windblown material. This
sediment is derived not only from winds emanating from the Sahara such as the
khamsin, but also from in-situ weathering and aeolian re-deposition of the tell sites'
constituent cultural debris over millennia. Thus, through time, degredation and
weathering of the tell sites results in a mound of redeposited aeolian material. The
second reason for the grouping is more pragmatic, in that both sets of sediments
represent the uppermost units observed: they both lie directly atop the uvial sediments
of the delta plain and thus display the same stratigraphic relationships. The unit usually
occurs both at the margins of the delta, and on tell sites within the delta.

Coastal Member: This unit represents all sediments that have been interpreted as having
being deposited in a coastal, nearshore or marine setting, except for the Transgressive
Sand Formation, which is discussed above and excluded from this grouping as it occupies
a very specic stratigraphic position at the base of the Holocene sedimentary sequence.
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The deposition of the Coastal Member, on the other hand, is contemporaneous with
much of the deposition of the uvial units of Bilqas 1 and Bilqas 2 (discussed
immediately below). This unit contains marine, semiterrestrial, coastal, estuarine,
lagoonal and occasionally sabkha deposits; the spatio-temporal extents of these
corresponding sedimentary environments have been previously mapped by numerous
researchers (Arbouille and Stanley, 1991; Chen et al., 1992; Coutellier and Stanley, 1987;
Stanley et al., 1992). The internal stratigraphic variation within this unit is not a focus
of the current work, which concentrates instead on the evolution of the uvial zone.

Bilqas 1 and Bilqas 2 Members: The most important conceptual contribution of the
current synthesis is that it posits that the recent uvial sequence can be divided into a
vertical succession of two separate, correlateable units, named here as the Bilqas 2 and
Bilqas 1 Members. The division of the Holocene sequence as such is arrived at both from
an analysis and appreciation of the results of the surveys outlined in chapter 3, and from
ongoing geoarchaeological eldwork by the author in various areas of the Nile Delta
(chapter 4). A twofold division of the sediments is supported by most of the focussed
studies of the hinterland: most particularly by the AUSE project, the MUWDS, the
BRS, and surveys around Minshat Abu Omar, Sais, Kafr Hassan Dawood, Kom Geif,
Kom al-Ahmer/Kom Wasit and Tell Mutubis.
In this twofold division, the Bilqas 2 Member is dened as the lower of the two uvial
1

units within the delta , and is much richer in organic material, darker and greyer
(blue-black  N 3/0) in colour, and signicantly less predictable in the lateral variation
of its grain-size than the overlying Bilqas 1 Member. It is interpreted as representing
deposition within the Large-Scale Crevassing environment discussed in chapter 2. This
is in contrast to the overlying Bilqas 1 Member which is generally brown-grey (10YR 3/2
 2.5Y 3/1) in colour, less rich in organic material, and importantly very predictable in
the lateral variation of its grain-size. This unit is thought to represent overtopping of
levees and the development of a wide oodplain during the later Holocene, within the
Meandering environment (chapter 2). The contact between the Bilqas 2 and Bilqas 1
units is therefore suggested to correspond to the LSC-Meandering Transition, a shift
which was suggested in chapter 2 to have been driven by the slowing of bulk aggradation
rates, driven ultimately by the slowing of sea-level rise. This position is revisited and
discussed further in chapter 7.
The AUSE project is thought to have observed the lower unit of Bilqas 2 (their Nile 2
facies) as being variously comprised of rapidly-alternating deposits of silt and sand; dark,
organic, humic clays; and calcareous clays (de Wit and van Stralen, 1988a) suggesting
permanent water-bearing systems... such as larger rivers, swamps and lakes... [with] no
obvious traces of temporal desiccation, in combination with ephemeral stream
sediments... [and] wadi-fed stagnant pools (de Wit, 1993, pp. 311, 313). This lower unit
gives way to overlying Nile 1a and Nile 1b facies, which comprise very dierent

1

The unit numbering  with Bilqas 2 underlying Bilqas 1  is chosen in deference to previous literature,

which described the units as Nile 2 underneath Nile 1 (see chapter 3).
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sediments and are together renamed as the Bilqas 1 Member: uniform oodbasin clays,
levee silts, channel plugs... and intermittent eolian sandy inuxes (de Wit, 1993, p.
309). The rapidly-alternating nature of the deposits of the Bilqas 2 Member in a lateral
sense suggests deposition in an environment characterised by anastomosing streams with
very narrow levees surrounding larger oodbasins (into which the humic muds would
have been deposited), an exact picture of the LSC environment. The rapidly-alternating
nature of the lower deposits in a vertical sense is testimony to the likely very dynamic
and changeable landscapes in which they were deposited: again a hallmark of the LSC
environment, and in direct contrast to the sediments above. The upper deposits (Bilqas
1) do not vary in such an unpredictable fashion, and are more likely deposited in the
Meandering environment, characterised by larger channels and wider levees.

The lower Nile 2 (Bilqas 2) deposits can be correlated with the sediments that exist at
Minshat Abu Omar below 35m underneath the surface (Fig. 3.5). These deposits are
made up of compact dark grey violet mud, rich in organic material (Krzyzaniak, 1993,
p. 324) comprising dark grey (greyish black to dark bluish grey) clay layers (Andres
and Wunderlich, 1991, p. 123) or locally... replaced by silty material, pure silt and ne
sand with a high content of micas (Andres and Wunderlich, 1992, p. 159), often
containing mollusc fragments and peaty horizons. These deposits were interpreted as
indicat[ing] the prevalence of semiterrestric environments (Andres and Wunderlich,
1991, p. 123), and they are located within palaeodepressions oored by greenish-grey
sands, which are coloured as such as a result of reduced iron (Andres and Wunderlich,
1991). A schematic image of the authors' interpretations of this landscape is shown in
Fig. 5.1. The peat layers and high organic content of the muds further points towards a
wetland landscape with abundant vegetation characteristic of the LSC environment.
In-situ decomposition of this vegetation through microbial activity likely resulted in
reducing environments persisting just below the surface, contributing to the colour of the
reduced iron oxide. These lower layers contrast dramatically with the upper clay with
silty intercalations, which has none of the peat layers nor the high organic content of the
lower muds; instead soil development is documented by calcic nodules, oxic mottles and
iron-manganese concretions. These sediments, originating in much more well-drained
settings, are interpreted here as being deposited from within the Meandering
environment and are correlated as the Bilqas 1 Member.

A very similar sequence was observed by the BRS (Fig. 3.5) where the base of the
Holocene section is composed of large amounts of peat, or clays and silts rich in organic
matter: Torfe als vielmehr stark mit organischer Substanz durchsetzte Tone und
Schlue oder aber Wechsel von Toragen und eher tonig-schlugen Schichten
(Wunderlich, 1989, p. 107). These layers contain organic material at 1575% by weight
and are interpreted as Bilqas 2 sediments resulting from deposition in the organic-rich
swamps of the LSC environment. Above them lies the well-known `Nile mud' [which]
mainly consists of clay, silt and silty clay... locally interrupted by loamy or sandy
intercalations, with Nodules of Fe, Mn and CaCO3 as well as molluscs and much less
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Figure 5.1: Schematic landscape at Minshat Abu Omar during the early mid-Holocene,

from Andres and Wunderlich (1991).

organic content at 8% (Wunderlich et al., 1989). An original suggestion that the lower
unit may be deposits of coastal lagoons is probably only the case in the far north of the
area, where a thin layer rich in molluscs and microfossils prefering [sic] brackish
conditions was found (Wunderlich and Andres, 1991, p. 110) .

The eldwork further west at Kom al-Ahmer/ Kom Wasit and also Tell Mutubis (chapter
4) has documented a near-identical sequence to that seen around both Buto and Minshat
Abu Omar, of highly organic-rich bluish-grey clay layers with minor peat development
(Unit G at both sites), lying atop sands (Units X, Y at Tell Mutubis; Unit X at
KA/KW), and underlying brown, less organic-rich deposits. Hydrogen sulphide is also
observed in places in the lower unit, which is taken as further indication of an organic
rich, wetland landscape with standing water and euxinia persisting in the subsurface.

The same twofold division marked in part by dierential organic content is also observed
to be the case further south in the western delta (Fig. 3.5). The lower Holocene humic
mud deposits of the MUWDS are reinterpreted in this synthesis as the Bilqas 2
Member, made up of sticky greenish-black... silty clay to clayey silt... characterized by
abundant decayed plant remains (El-Awady, 2009, p. 46), and containing bivalves, sh
bones, pyrite aggregates and seeds. This is in stark contrast to deposits of the Bilqas 1
Member further up in the sedimentary sequence: Holocene overbank mud, which
comprises earthy brown... silty clay to clayey silt [with] intercalations of very ne sand...
carbonate nodules, calcied root clasts and some plant remains and small gypsum
rosettes as well as pottery (El-Awady, 2009, p. 46).
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Other studies in the western delta also saw this division. At Sais the exact same
divisions of the MUWDS were applied to the sediments: the lower Holocene lacustrine
humic mud (Bilqas 2), made up of humic blueish-black silty clay and clayey silt with
abundant decayed plant remains, bivalves, sh-bones and ostracods, suggests permanent
and stable lakes... occupy[ing] depressions within the eroded Pleistocene sand mounds
(El-Shahat et al., 2005, pp. 111112), thus forming a wetland landscape characteristic of
the LSC environment. This is very dierent to the overlying earthy brown silty clay
with rhizoconcretions, which suggests a much more well-drained environment. At Kom
Geif nearby a twofold division is also supported, with sediments at the base of the
sequence displaying an extremely spatially variable sedimentology, in contrast to the
overlying sequence which is much more predictable (chapter 4). The lowermost deposits
are characterised by extreme lateral and vertical inhomogeneity, with no noticeable
trends in grain-size distribution, suggesting that the facies and landscapes that they
represent varied at scales smaller than the scale of sampling. This is dierent to the
deposits above, which are characterised by extensive levee deposits around wide channel
sandbodies.
A twofold division is even correlated into the Wadi Tumilat around Kafr Hassan Dawood
(Fig. 3.5), albeit with some dierences (probably due to the dierent sedimentary
setting, more isolated from the main alluvial-deltaic system). Here, a lower unit,
persisting up to some 4m below the current oodplain surface, is a dark-yellow-brown,
massively-bedded, homogeneous silty clay with some sandy areas, numerous gypsum
crystals and some rhizoconcretions, with a high percentage of organic matter, and it was
interpreted as having been deposited in oodplain basins or back swamps in the ood
basin (Hamdan, 2003, p. 223). There are remarkable dierences in lithology and
environment of deposition between this lower unit and the upper one, which is coarser
in grain-size, browner, contains more shells and carbonate concretions, seemingly less
organic matter and is more lithologically varied but similarly gypsiferous.
Overall, therefore, the sedimentary unit dened herein as the Bilqas 2 Member is most
often seen to be composed of sticky bluish-black silty-clay to clayey-silt, and it contains a
high percentage of organic matter. Peat layers are locally developed, and spatial
variations in grain-size are rapid and unpredictable, in that units do not tend to grade
into each other over wide areas. The overlying Bilqas 1 Member is composed of
sediments that are usually browner in colour, often coarser, contain less organic matter,
and display simple and predictable variations in grain-size. This formal stratigraphic
division between the two units is new, but the most recent synthesis of Holocene Nile
Delta geology (Butzer, 2002, p. 90) did hint at such a division within the Holocene
sequence, positing that earlier in the Holocene there was accelerated Nilotic
sedimentation... with rapid facies changes in channel proximity... and expansion of
marshland, that gave way later in the Holocene to Nile mud accumulation... at a
markedly slower rate and with great channel stability.
Such a twofold division was not recorded in all surveys. In some cases, this is because
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the Bilqas 2 Member was not reached, either for methodological reasons, because cores
terminated at depths which were too shallow; or alternatively because the unit's
occurrence is spatially restricted (it seems that it lls depressions in the Mit Ghamr
Formation, and thus in places where the Mit Ghamr Formation is at a local high the
Bilqas 2 sediments do not exist).
In other cases, the twofold division may not have been recorded because it is dicult to
establish without the drilling of a large number of cores at closely spaced intervals  it is
both the three-dimensional architecture of the Bilqas 2 deposits as well as their
lithological dierences that sets them apart from Bilqas 1 sediments. In the records of
Attia (1954), for example, the published data are usually of too coarse a resolution to
note divisions between the units. The survey limited itself to a single stratigraphic
division: between the upper deposits and the diluvial sediments. A re-appreciation of
the data, however, suggests that in a small number of cores the data are of sucient
resolution and supportive of imposing a division (see section 5.2.1). In the MEDIBA
survey, the twofold division was also not noted probably because the survey's main focus
was on delineating diering sets of coastal sediments, and only a small number of cores
were collected from the uvial zone. A re-appreciation of some of the records in this area
from the survey also suggests, however, that in places a twofold division is supported by
the evidence (section 5.2.1).
The limited palynological evidence that exists from the region further corroborates a
twofold division of the uvial sequence into Bilqas 2 and Bilqas 1 Members, backing up
the interpretation that swampy earlier environments became progressively less so
through the Holocene. An undated pollen record from the coastal margin (Saad and
Sami, 1967) shows a gradual upwards decrease in Cyperaceae, Poaceae, Typhaceae and
water plants like Jussieua, and an increase in land plants: Caryophyllaceae,
Umbelliferae, Chenopodiaceae, Euphiorbiaceae, Moraceae, Compositae and Liliaceae.
Tentative lithostratigraphic correlation of the core from which this record derives with
nearby dated cores of the MEDIBA survey (cores S60 and S66) perhaps suggest this
transition could have taken place after 60003300 BC. A further pollen study (Leroy,
1992) also in general found progressively decreasing amounts of Cyperaceae and other
wetland plants such as Azolla, and increasing Poaceae, Amaranthaceae and
Chenopodiaceae through time. This record was interpreted as showing marsh
environments becoming smaller and less dense since c. 2000 BC. More recent studies
(Bernhardt et al., 2012; Hennekam et al., 2015) also found decreasing Cyperaceae c.
3000 BC, which may reect the replacement of local wetland landscapes of the Bilqas 2
2

environment by the Bilqas 1 facies . Pollen recovered from peat deposits near Tell

2

The Cyperaceae pollen analysed in these two studies were originally interpreted as allochthonous,

deriving from the Sudd marshes and were originally used as a proxy for White Nile ow. However, these
studies relied on the use of strontium isotopes as a proxy for distinguishing between White and Blue Nile
input, with high Sr ratios seemingly reecting White Nile input, and lower ones reecting Blue Nile input.
The recent use of Neodymium isotopes has shown that elevated Sr ratios may not record White Nile input
but instead a larger contribution from wadis (Woodward et al., 2015; Revel et al., 2015), and that White
Nile input has actually been low for the past 25ka (Revel et al., 2015). Thus these pollen are unlikely
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Ibrahim Awad seemingly within the Bilqas 2 facies (Bottema, 1992) found very large
quantities of Cyperaceae, along with other aquatics such as Nyphaea. Based on the
palynological assemblage the sediments were thought to derive from an entirely
freshwater swamp c. 0.51m deep, with higher ground nearby. The results of two other
pollen studies are dicult to interpret (El-Beialy et al., 2001; Sneh et al., 1986), the
former due to the small number of pollen grains encountered; the latter due to the
diculty of deconvolving the true vegetation record from the sedimentary signal.

5.1.5

Stratigraphic relationships and unit naming

The vertical relationships of the units to one another are shown in Table 5.1, while
generalised sedimentary columns for both the coastal zone and the uvial region of the
delta are provided in Fig. 5.2. In no location are all these units seen in the same core.
The Transgressive Sand Formation and the Coastal Member are localised to the northern
margin of the delta, while the Modern Aeolian Member and Geziracover Formation
appear only in certain localities; maps showing the locations of all cores which
encountered each unit are provided in appendix A. Of these units, some have been
dened before and have been in use for a long time. Based on the recommendations of
the code on stratigraphic nomenclature (NACSN, 2005, p. 1569), many of the new units
have been accorded the status of Member as this is felt to be the most appropriate
designation at the scale of regional geological investigation. Standard geological naming
conventions are followed for the Pleistocene units (Mit Ghamr Formation), while the
predominantly Holocene units above are named for the facies they represent, except
where a previous geological name already exists (Bilqas). By far the most important step
change to previous syntheses is that the uvially-dominated sediments of the Holocene
section are divided into two new Members: Bilqas 1 and Bilqas 2.

Table 5.1: New stratigraphic framework for Recent Nile Delta deposits. Dashed lines

indicate unconformity surfaces; those units in italics are new to the current synthesis.

Modern Aeolian Member
Bilqas 1 Member
Bilqas 2 Member

Bilqas Formation

Coastal Member
Transgressive Sand Formation

Geziracover Formation
Minuf Member
Zagazig Member

Mit Ghamr Formation

to have been derived from the Sudd and may be autochthonous, reecting more local environmental
evolution.
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sand &
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Floodplain
mud
Fluvial
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Floodplain
mud
Backswamp
mud & peat
Fluvial sand
Backswamp
mud & peat
Redeposited
sand
Alluvial
sand
Alluvial
sand &
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Figure 5.2: Generalised vertical section through the Nile Delta in: a) the coastal zone

(compare with Fig. 3.3); and b) the uvial zone. Dashed lines indicate the stratigraphic
relationships of laterally discontinuous units.

M.M=Minuf Member; M.A.M=Modern

Aeolian Member

5.2

Development of a unied stratigraphic database

In order to draw conclusions about Holocene landscape evolution beyond the regional or
local scale of investigation, it is necessary to create a single database which contains all
relevant stratigraphic information, and which can then be probed to draw conclusions
about stratigraphic architecture and landscape evolution at a larger scale of investigation.
The remainder of this chapter presents the methods by which such a database was
created for the Nile Delta, and the magnitude and nature of errors inherent in doing so.
The database that was created included stratigraphic information from all boreholes
from the uvial region of the delta discussed in section 3.3 and chapter 4, and was
created within Rockworks 15, an industry-standard deposit-modelling software suite
designed specically to store, display and model subsurface information. Some boreholes
(cores S1 to S85 of the MEDIBA survey) were also input into the database from the
coastal zone. The data from other surveys in this region were not included for two
reasons. The rst reason is that the focus of the current synthesis is not on the coastal
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zone, whose landscape evolution is already quite well-understood (section 3.2), but is
instead on the uvial area. The second reason for exclusion of many of these data points
in the coastal zone is that data collected from this region prior to the MEDIBA survey
were collected under a less-well-understood stratigraphic framework than was presented
by the MEDIBA survey, and some stratigraphic interpretations may have been
inaccurate. A comparison of the positions of the ancient coastline given by Butzer in
1974 and 2002 illustrates this issue.
Three sets of information were recorded in the database:



The position of each borehole in the WGS-84 grid system. Since the boreholes'
locations had originally been surveyed using dierent methods, and dierent
publications presented their locations in dierent ways, boreholes' positions could
be established at diering levels of accuracy. The error inherent in this quantity is
discussed in section 5.3.1.



The elevation of the top of each borehole, in metres above sea-level relative to the
Survey of Egypt datum. Boreholes' elevations were also provided in dierent ways.
Some boreholes' elevations were recorded relative to the Survey of Egypt datum,
since they had been surveyed relative to a known survey benchmark (Survey of
Egypt, 1920). In other cases, borehole elevations were provided based on
interpolations between contours on maps. Finally for boreholes for which no
elevations were recorded, estimates of elevations were ascertained by extracting the
relevant pixel value from 3-second (∼90m) SRTM (Shutte Radar Topography
3

Mission) void-lled imagery

(Jarvis et al., 2008) within ArcGIS, and applying a

datum correction (see section 5.3.2).



The stratigraphies encountered in each borehole, and the depths below the surface to
the top and bottom of each unit. These stratigraphies necessarily had to be those
dened herein (section 5.1), thus the information present in each borehole record
had to be consistently mapped onto the major stratigraphic subdivisions discussed
in this synthesis. These subdivisions are: Mit Ghamr Formation; Geziracover
Formation; Transgressive Sand Formation; Coastal Member; Bilqas 2 Member;
Bilqas 1 Member; Modern Aeolian Member. Given this work's focus on the
Holocene (rather than Pleistocene) evolution of the delta it was felt that a division
of the Mit Ghamr Formation into its constituent Members was not appropriate and

3

The data used were SRTM version 4.1 post-processed by CGIAR, downloaded from

cgiar-csi.org/.

http://www.

Higher resolution 1 Arc-Second (∼30m) SRTM data were not used since statistical

analysis showed this dataset to have a larger error in its estimation of the heights of known points (see
appendix B). ASTER GDEM 2 data (Advanced Spaceborne Thermal Emission and Reection Radiometer
Global Digital Elevation Model Version 2: a product of NASA and METI) suered from a number of more
obvious major issues: on downloading this data from

http://reverb.echo.nasa.gov/ and importing into

ArcGIS a large discrepancy of up to 10m between the ASTER and the SRTM datasets was noted, even
through they were nominally expressed to the same datum (EGM96).

The SRTM data represented

more reasonable heights. There also appeared to be inconsistencies within the ASTER data arising from
tiling: some isolated, large, square areas in the data appeared articially high or low compared to their
surrounding areas and were deemed to be artefacts.
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could introduce a further degree of error. The errors inherent in consistently
mapping the stratigraphies recorded onto those of the current synthesis are
described in section 5.3.3.

The discussion below takes each available sedimentary dataset in turn, and explains how
these three sets of information: the horizontal position (location) of each core; the
vertical elevation of each borehole; and the records of each stratigraphic unit
encountered, were obtained consistently from the records, which dier substantially in
their quality and resolution. A summary of the database created is provided as Table
5.2, while maps showing the distributions of boreholes which encountered dierent units
are given in appendix A.
Table 5.2: Cores included in the Nile Delta lithostratigraphic database. H13 indicates

the degree of error in the horizontal location; V13 the error in the vertical elevation;
S13 the error in stratigraphic assignment. See section 5.3 for explanation of errors.

Survey

No. H1 H2 H3 V1 V2 V3

S1

S2

S3

AUSE

523

0

131

392

517

6

0

523

0

0

Sais

276

272

4

0

147

66

63

261

15

0

SOE

234

0

180

54

230

0

4

71

125

38

BRS

97

22

73

2

85

5

7

95

2

0

MEDIBA

87

0

83

4

0

85

2

79

4

4

WDLP

63

63

0

0

0

63

0

63

0

0

Kom Geif

61

61

0

0

61

0

0

61

0

0

WDRS

44

44

0

0

32

0

12

44

0

0

Isolated municipal & other

55

0

15

40

29

0

26

53

2

0

MAS

40

38

2

0

0

0

40

37

3

0

Kom el-Hisn

27

0

26

1

27

0

0

27

0

0

KA/KW

26

26

0

0

0

26

0

26

0

0

25

25

0

0

0

24

1

25

0

0

Tell Mutubis
c

Tell ed-Dab a

24

0

24

0

12

0

12

24

0

0

MUWDS

17

10

7

0

15

0

2

17

0

0
0

MAO

15

9

6

0

15

0

0

15

0

Kom Firin

11

11

0

0

11

0

0

11

0

0

Tell el-Iswid S

6

6

0

0

6

0

0

6

0

0

KK/TS

5.2.1

4

4

4

0

0

3

0

1

4

0

0

KHD

3

0

3

0

0

0

3

3

0

0

Tell el-Farkha

2

2

0

0

2

0

0

2

0

0

Regional borehole surveys

Survey of Egypt: The locations of all boreholes collated by Attia (1954) were presented
on a small-scale map of the Nile Delta; this was photographed and georeferenced in
ArcGIS to provide approximate locations for the boreholes, before textual information
(where provided) was used to locate each borehole more precisely. The few boreholes
missed in this synthesis but included by Fourtau (1915) were located based on textual

4

Kom el-Khilgan & Tell es-Samara.
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descriptions. Boreholes of these surveys were excluded from being input into the database
if they were in the coastal zone (102 boreholes), if they encountered Pliocene/Miocene
bedrock (17 boreholes), if they were unable to be located to a degree of accuracy better
than 2.5km (6 boreholes), or if it was exceptionally dicult to interpret the stratigraphy
(77 boreholes). In total, 234 records were input in the database, representing 261
individual boreholes. The vertical elevation of each borehole relative to the Survey of
Egypt datum was provided in the records in all cases. In order to input the stratigraphic

data from the records into the database, original publications were consulted in some
instances to shed further light on the stratigraphies recorded (Fourtau, 1915; Judd, 1897,
1885). In the vast majority of cases, the only stratigraphic data which could be input
from each core was the depth to the Mit Ghamr Formation, since the depth to the top
surface of the Zagazig Member was generally presented within the core records as the
depth to diluvial deposits; further lithological information was used to establish
whether the Minuf Member and/or deposits of the Geziracover Formation lay above this,
and if so, at what depths. If neither unit was present above the diluvial deposits then
the top surface of the Zagazig Member thus marked the top surface of the Mit Ghamr
Formation. Further up the sequences were sediments of the Bilqas Formation. In the
case of four cores a division between Bilqas 1 and Bilqas 2 deposits was interpolated
based on the available evidence. In the borehole at El-Khiyariya, the lowermost deposits
of the Bilqas Formation marked black clay with mica and plant remains were mapped
to the Bilqas 2 Member; similarly in the two cores at Bilqas Electric Power Station. In
one of the boreholes at Zifta reported earlier by Fourtau (1915), peat deposits containing
lacustrine gastropods Planorbis and Limnaea were similarly marked as Bilqas 2,
although the author's original suggestion that these deposits continued into the borehole
at Shinraq (Chenrak) was deemed too speculative. In all other cores the coarseness of
the lithological records rendered any more extensive use of these records in mapping
recorded lithologies onto the stratigraphies of this survey redundant, and in these cores
all uvial deposits of the Bilqas Formation were input as Bilqas 1/2 (undivided).

MEDIBA: All of Cores S1 through S87 of the MEDIBA survey were input into the
stratigraphic database. Cores' locations were provided by Stanley et al. (1996, p. 5) to
an accuracy of approx. 200m. In some cases, textual descriptions of the locations were
used to locate the cores more accurately. The elevations of a small number of cores in
the north-west delta had been ascertained from Survey of Egypt maps and were provided
to the author by Clément Flaux (pers comm.); the elevations of all other cores had never
been measured but were always assumed by the original authors to be at sea-level. In all
cases, the stratigraphic data contained in the core records were mapped onto the
sevenfold division of the synthesis by analysing both the data contained within the
sedimentary logs provided (Stanley et al., 1996) and the published summaries (Arbouille
and Stanley, 1991; Chen et al., 1992; Coutellier and Stanley, 1987; Stanley and Warne,
1993a; Stanley et al., 1992; Warne and Stanley, 1993b). Many of the cores naturally
comprised various sets of sediments of the Coastal Member overlying the Transgressive
Sand Formation, with the Mit Ghamr Formation at the base (given their locations in the
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coastal zone of the delta). There were thus few uvially-derived sediments present.
However, where more uviatile sediments of the Bilqas Formation were encountered (in
the list of cores given in section 3.3.1) it was determined whether it was appropriate to
impose a twofold division corresponding to the Bilqas 1 and Bilqas 2 Members upon the
deposits. In some cases this division was applied: lower down in the sequence the
sediments appeared to contain larger amounts of plant material and pyrite. In this way,
a division between Bilqas 1 and Bilqas 2 was inferred in core S4 at 7.7m due to the
signicant reduction in plant material, pyrite, mica, shells and ostracods above this level,
as well as the reduction in sedimentary variability. It was also inferred at 2.5m in
borehole S9, due to the fact that sediments above this level displayed fewer plants and
pyrite. In core S32 it was inferred at 7.5m, with the sediments below showing larger
amounts of plant debris as well as higher variability in light minerals. Cores S37 and S38
also show divisions at 10.5m and 7m respectively; in these cores above these levels there
is less variation within the clay mineralogy, as well as potentially a decrease in the
amount of plant material. Borehole S44 shows a division at 4m, containing less pyrite,
plants, calcium and gypsum in its upper unit. Cores S54, S55 and S66 are divided at
4.5m, 3.5m and 8m respectively, once again variously containing fewer plants, less pyrite
and shells, and displaying less varied lithologies and mineralogies in their upper sections.
Finally, in core 86, the presence of a deation layer at 9m appears to separate a lower
unit characterised by a high rate of aggradation and potentially more plant material
from an upper unit with lower rate of aggradation and potentially less plant material.
This boundary is also tentatively marked as the Bilqas 1 / Bilqas 2 contact. None of the
other MEDIBA cores which contained uvial units of the Bilqas Formation was observed
to show such a division in their Holocene sequence, and so these uvial sediments were
mapped as Bilqas 1/2 (undivided).

AUSE project: The locations of many of the cores of the AUSE project (de Wit and van
Stralen, 1988a; Sewuster and van Wesemael, 1987; van Wesemael and Dirksz, 1986) were
presented in a series of cross-sections, unfortunately not always with accompanying maps
to indicate exactly where they were. However, textual annotations on the cross-sections
showed the positions of various small villages and canals with reference to the boreholes,
and also indicated the locations of bends in the sections. Using these annotations in
conjunction with Google Earth and Survey of Egypt maps it was possible to locate the
villages and canals referred to. Since the cross-sections had been carried out in straight
lines, and the horizontal distances between boreholes were to scale on each section, it was
thus possible to locate each borehole to an accuracy estimated at about 100200m. From
the sections in the publications, 496 boreholes were georeferenced in this way. The

elevations of the vast majority of these boreholes were given graphically on the cross
sections relative to sea-level (Survey of Egypt datum). Where they were not given, it was
possible to estimate their elevations to approx. 0.3m based on the countour patterns of
Survey of Egypt maps and nearby boreholes. A further 27 synthetic boreholes were
input into the database from information given in a large-scale Map of Alluvial
Sediments by van Wesemael and Dirksz (1986), which showed the approximate depth to
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shallow parts of the Mit Ghamr Formation for a small area of the survey region. The
elevations of these synthetic boreholes were approximated from the Survey of Egypt
contours which formed the basemap for this gure. Stratigraphic information from the
cores contained in the AUSE project was mapped onto the sevenfold division very
simply. Nile 1a and Nile 1b deposits were grouped together as Bilqas 1. Nile 2
deposits were mapped onto Bilqas 2. Deposits mapped in the survey as Gezirahs, in
part buried, or the Pre-Nile Formation were assumed to represent the Mit Ghamr
Formation (de Wit and Pawlikowski, 1992).

MUWDS: The locations of all cores in this survey were recorded and presented with
coordinates that had been obtained using handheld GPS, and were input directly into
the database. Except in two cases, elevations of all boreholes (relative to the Survey of
Egypt datum) were presented graphically on published cross-sections and were measured
directly from the diagrams (El-Awady, 2009). For the other two cores, the elevation was
taken from SRTM data (Jarvis et al., 2008). Stratigraphic information present was
mapped onto the divisions of the present synthesis very simply: Holocene overbank
mud was mapped onto Bilqas 1, while the Holocene humic mud was mapped onto
Bilqas 2, as described in section 5.1.4. Holocene aeolian ne sand was mapped onto the
Geziracover Formation, while Pleistocene uvial sand was mapped onto the Mit Ghamr
Formation.

WDRS: The locations of all 44 hand augers for which sedimentary data were available
were recorded and presented with coordinates that had been obtained using handheld
GPS and could thus be directly input into the database. The elevations of 13 cores were
recorded relative to the Survey of Egypt datum; elevations for the remaining 32 were
ascertained from SRTM data (Jarvis et al., 2008). Due to the focussed nature of the
studies which mainly centred upon the identication of more recent river channel
deposits, coupled with the relatively shallow coring depths (usually 45m) the

sedimentary records of the cores were usually limited to the Bilqas 1 Member. However,
in ve of the deeper cores (Disunis 1, 2; Dinshal 1; Iaqah 2; Shubra en-Nunah 1) the
presence of the Bilqas 2 Member was also inferred, in part through a similarity between
the sediments and those at Kom Geif (chapter 4). These sediments at the base were
blue/black to grey (blue) humic silts, sometimes with orange mottling.

WDLP: The locations of all cores undertaken in this survey were presented on aerial
photographs, which were georeferenced to provide locations of the auger points. Absolute

elevations were not given, but relative elevations of each core to its surrounding ones at
each site were presented graphically. These relative elevations were converted into
absolute estimates through studying the overall topographic character of the area using
SRTM data (Jarvis et al., 2008) and Survey of Egypt maps. The sediments encountered
could be readily mapped onto the eight stratigraphic divisions of the current synthesis.
Pleistocene Fluvial material was mapped onto the Mit Ghamr Formation;
Anthropogenic and Eolian material were usually both mapped as Modern Aeolian,
although in places some of the Eolian material was inferred as belonging to the
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Geziracover Formation due to its stratigraphic position. No overall vertical division of
the oodplain sediments Fluvial Bed/Levee and Fluvial Distil was recorded during
the work, and as such no division between Bilqas 1 and Bilqas 2 was input into the
database; all these oodplain sediments were mapped simply as Bilqas 1/2 (undivided).

BRS: The locations of some of the boreholes of the Buto Regional Survey were presented
with their coordinates according to handheld GPS (Schiestl, 2010; Schiestl and Ginau,
2015; Schiestl et al., 2014); the locations of many others were provided on maps (Andres
and Wunderlich, 1986; Hartung, 2008; von der Way, 1997; Wunderlich, 1993; Wunderlich
and Andres, 1991; Wunderlich, 1989, 1988) or aerial photographs (Schiestl, 2012a) which
were able to be georeferenced. The absolute elevations of the boreholes were able to be
established through involved study of the publications in which they were presented.
Unfortunately some of the full sedimentary records from these boreholes are lacking in a
readily available format. Some records are given purely in prose (Schiestl, 2012a, 2010;
Schiestl and Ginau, 2015; Schiestl et al., 2014); the records of others were provided on
cross sections. Through an involved study of these cross-sections (Andres and
Wunderlich, 1986; Schiestl and Ginau, 2015; Wunderlich, 1993, 1989; Wunderlich and
Andres, 1991), in conjunction with data contained in the maps and in the accompanying
texts, as well as data contained in the table of von der Way (1997, p. 44) and (to a lesser
extent) in the cross-sections of Hartung (2008), the overall sedimentary records of 97
useful boreholes can be reconstructed. A large number of further augerings undertaken
on the surface of the tell were ignored, having been undertaken for a purely
archaeological purpose (to map surfaces within the ancient settlement) and thus being of
limited geological use. The stratigraphy of the site was mapped very simply onto the
present synthesis. While the gezirasande was mapped as belonging to the Geziracover
5

Formation, the underlying sandy deposits were mapped onto the Mit Ghamr Formation .
Overlying this, the thick deposits of peat and humic mud were mapped as the Bilqas 2
Member, while the overlying Nile muds were mapped as the Bilqas 1 Member.

5.2.2

Surveys around archaeological sites

Minshat Abu Omar: Although no maps showing the locations of boreholes undertaken at
the site were published, a small number of boreholes were able to be located from their
positions along cross-sections provided by Andres and Wunderlich (1992, 1991). These
cross-sections also served to provide the cores' absolute elevations in metres above
sea-level relative to the Survey of Egypt datum. No individual borehole records were
published, but stratigraphic data from the georeferenced boreholes were able to be
garnered from the same cross-sections. Deposits recorded in the surveys were mapped
quite simply onto the stratigraphic divisions of the current synthesis. The lower division
of the Holocene muds was mapped onto the Bilqas 2 Member, and the upper division

5

Lithological information (Wunderlich, 1989, pp. 112113) and the terrace-like nature of the deposits

(Butzer, 2002) suggest that they most likely belong to the Minuf Member.
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onto the Bilqas 1 unit. The upper sandy fan was mapped as Bilqas 1 and the lower fan
as Bilqas 2, as they appear to occur within these broader sedimentary units of the
hinterland geology (Andres and Wunderlich, 1991). The sands beneath the ne-grained
sequence are mapped as the Mit Ghamr Formation; the light grey clay deposits (basal
clays) found in places at the bottom of the sequence are thought to be clayey lenses
hosted within this unit.

Tell Ibrahim Awad, Tell Gherier and Tell el-Iswid S: The locations of all 80 cores around
these three sites were presented on maps by Sewuster and van Wesemael (1987). These
were georeferenced in ArcGIS and the positions of the boreholes extracted. The

elevations of all cores were given in masl relative to the Survey of Egypt datum. Deposits
recorded as ood basin or levee/point bar were input into the database as Bilqas 1/2
(undivided) or Bilqas 1. Where Settlement debris was recorded, this was usually input
as Modern Aeolian; Pleistocene sand was input as the Mit Ghamr Formation, as for
the AUSE project.

Kom el-Hisn: From the 54 boreholes at the site undertaken in the 1980s (Buck, 2016,
1990; Hamroush, 1987) and the 15 more recent ones (Trampier, 2014), the deposits
encountered in 38 were published on cross sections and individual gures. Their locations
were presented in maps (Buck, 2016, 1990; Hamroush, 1987; Trampier, 2014) which were
georeferenced in order to locate the boreholes. Elevations of the boreholes of Buck
(1990) and Hamroush (1987) were given in masl relative to the Survey of Egypt datum;
the boreholes of the later survey (Trampier, 2014) were only published with their relative
elevations, but could be assigned approximate absolute elevations by comparison with
those of Buck's survey. Within the surveys of Buck and Hamroush, the deposits of the
gezira were mapped onto the Mit Ghamr Formation; Consolidated Gezira and Nile
Mud were mapped onto Bilqas 1/2 (undivided) and Midden was mapped onto the
Modern Aeolian Member. The mapping of the stratigraphies encountered within the
cores drilled at the site by the Western Delta Landscape Project has already been
discussed above.

MAS: In this survey, the locations of almost all boreholes undertaken were recorded with
handheld GPS; the position of two required georeferencing from a map. No reliable

elevation data were available so SRTM data were used to provide depths for the deposits
in masl (Jarvis et al., 2008). Overall, the records of forty boreholes were input into the
database. At Quesna, the published stratigraphy of the site (Rowland and Hamdan,
2012) was mapped onto the present synthesis as follows: Unit 1 is known to be correlated
with the Qena Formation (Kholief et al., 1969) so was mapped onto the Mit Ghamr
Formation; Unit 2 was tentatively mapped as the Geziracover Formation on the basis of
its being interpreted as reworked material derived from the gezira. Units 3, 4 and 5 were
mapped as Bilqas 1/2 (undivided). Most of the other cores of the MAS were shallow so
mainly encountered deposits of the Bilqas 1 member only, although one core was
interpreted to have encountered the Bilqas 2 Member from 15m depth, marked by dark
silty clay, carbonaceous. Carbonised plant remains. This overlay what appeared to be
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the Mit Ghamr Formation at 18.3m.

Sais: The locations of nearly all hand-augers undertaken at and around Sais were
recorded using handheld GPS (Wilson, 2006b). Eight hand-auger cores were, however,
excluded from being entered into the database since their locations were not known. The
deeper mechanised boreholes' locations (El-Shahat et al., 2005) were presented on maps
which were georeferenced. Most hand augers' elevations were recorded relative to a
Survey of Egypt benchmark, as were ve of the nine deeper mechanised cores. For cores
which did not have their elevation recorded but which were located within the same
elds as cores' whose elevations were known, their elevations were taken from these
nearby cores (and thus considered comparable to 0.2m). This was the case for 63 hand
augers, and the other four mechanised cores. Cores whose elevations were not recorded
and which were undertaken within the town (often in the foundations of houses) were
not input into the database as the vertical uncertainty in their position was considered
extreme. The four-fold stratigraphy by which the mechanised cores were originally
interpreted (El-Shahat et al., 2005) was mapped onto the current seven sedimentary
divisions in exactly the same way as those cores of the MUWDS (El-Awady, 2009). The
lithological information recorded in the hand-auger survey (Wilson, 2006b) was
re-interpreted within the stratigraphic divisions of the mechanised survey (El-Shahat

et al., 2005), before being mapped onto the seven divisions of the current synthesis and
input into the database.

Kafr Hassan Dawood: Whilst no individual boreholes undertaken at Kafr Hassan
Dawood were ever published, the position of a north-south cross-section was able to be
georeferenced with the help of a published map of the boreholes undertaken (Hamdan,
2003). From this, the locations of three geologically representative boreholes were able to
be extracted. Their elevations were indicated on the published cross sections, while the

stratigraphies present in these boreholes were mapped onto the sevenfold division of the
current survey very simply. The basal sands were correlated mineralogically with the
Qena Formation so were mapped here as the Mit Ghamr Formation, while the Lower
Mud was mapped onto Bilqas 2, and the Upper Mud onto Bilqas 1, as described in
section 5.1.4. The sandy fan of the Upper sand was also mapped as Bilqas 1, on the
basis of its interngering with Bilqas 1 sediments in the north (thus suggesting it is
coeval), while the aeolian sand protruding from the south and blanketing the
uppermost parts of the landscape was mapped as Modern Aeolian.

c
c
Tell ed-Dab a: The locations of boreholes drilled at Tell ed-Dab a were presented in
maps by Tronchère et al. (2009, 2012) and El-Beialy et al. (2001), which were
georeferenced to position the boreholes. In some cases boreholes' elevations were given;
where this was not the case, SRTM data were used to ascertain their vertical height
(Jarvis et al., 2008). Stratigraphic data from twenty-four boreholes were mapped onto
the divisions of the current survey simply: the Pleistocene substratum was mapped as
the Mit Ghamr Formation, the pre-Pelusiac transition layer (Tronchère et al., 2012)
was mapped as the Geziracover Formation as described in section 5.1.2, while all other
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sediments were interpreted as either Bilqas 1 or Bilqas 1/2 (undivided).

Kom Geif, Tell Mutubis and Kom al-Ahmer/Kom Wasit: The locations and elevations of
boreholes drilled at these sites are tabulated in chapter 4. The stratigraphies encountered
within the boreholes were mapped onto the divisions of the present synthesis as follows:
at Kom al-Ahmer/Kom Wasit, Unit X was mapped as the Mit Ghamr Formation, Unit
G as the Bilqas 2 Member, Units A, B, D, E, H, I as the Bilqas 1 Member, Unit C as the
Modern Aeolian Member; at Tell Mutubis, Units X and Y were mapped as the Mit
Ghamr Formation, Unit G as the Bilqas 2 Member, Units A, B, C as the Bilqas 1
Member, Unit E as the Modern Aeolian Member; at Kom Geif, Units BM, BOCM,
BUMA, BGS and BNXT were mapped as the Bilqas 2 Member, Units A, B, C, D, F, G,
H as the Bilqas 1 Member, Unit E as the Modern Aeolian Member (see section 4.6).

Other sites: For the majority of other sites at which geoarchaeological surveys have been
undertaken (Table 3.1), not all boreholes were input into the database, but a
representative sample was chosen to characterise the geology of the area. This was for
two reasons. First, the boreholes undertaken were often spaced at extremely ne
intervals, and so their inclusion in totality was not necessary, given the delta-wide scale
at which their data would be modelled. Second, these boreholes were usually drilled with
an archaeological focus, and their main purpose was not to characterise the hinterland
geology. As such their relevance to the current study is limited. These boreholes'

locations were georeferenced from maps provided; the elevations of the boreholes relative
to the Survey of Egypt datum were given almost without exception in the publications.
Where they were not, SRTM data were used to ascertain their elevations (Jarvis et al.,
2008). In almost all instances the only stratigraphic data that could be sourced from
these boreholes was the depth to the Mit Ghamr formation, which was usually
encountered at shallow depths since the investigated localities were all situated on
turtlebacks.

5.2.3

Municipal and other isolated individual boreholes

Said (1981): The locations of all 25 boreholes presented by Said (1981, pp. 110111)
were given with their real-world lat/long co-ordinates and were input directly into the
database. In two cases, checking of the co-ordinates against satellite imagery necessitated
small adjustments to their locations. All cores' elevations were given in masl relative to
the Survey of Egypt datum. Of these 25 cores, 13 were input into the database; the
remaining 12 cores were located variously in the desert, oshore, or in the coastal zone.
The only relevant stratigraphic information contained within the core records was the
depth to the Mit Ghamr Formation (the depth to the top of Q2  sediments).

Others: The locations of the municipal and other boreholes were presented in maps
which were georeferenced to provide locations of the boreholes. The majority of these
records' elevation estimates were obtained from SRTM data (Jarvis et al., 2008). In
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terms of assigning the stratigraphies of the current synthesis to the data, much of the
sedimentary data from these boreholes were provided only at a coarse enough resolution
to input the depth to the Mit Ghamr Formation into the database. However, in the case
of two boreholes at Kafr el-Zayat (Zalat, 1995), a division was tentatively interpreted
between the Bilqas 1 and Bilqas 2 Members at 6m (Hole 1) and 9m (Hole 2) based on
the occurence of plentiful diatoms below these levels with none above, suggesting a
possible step change in depositional environment.

5.3

Database errors

For each of the three quantities entered into the database for each borehole: its location,
elevation and the stratigraphic units it encountered, it was also necessary to appreciate
the level of precision at which each quantity could be deemed accurate. Errors in these
quantities can cause problems if data from the boreholes are used to draw conclusions
about the palaeolandscape and the characteristic length scales of the conclusions drawn
and the errors inherent within the data are similar.

5.3.1

Horizontal resolution

In the collation of the stratigraphic database, true borehole locations (XY) were able to
be established at dierent levels of accuracy. Some boreholes were presented with their
GPS coordinates; others (mostly those undertaken in the pre-GPS-era) were given on
maps which could be georeferenced in order to locate the coring points. Others were only
ever shown on cross-sections. To record the resulting dierent levels of horizontal
precision and accuracy in the database, an entry was created for each borehole recording
to what condence level its point (XY) location could be reasonably established. A
three-point scale was used: a high level of condence (a value of 1) indicated that a
borehole's XY position was correct to approx. 5m; a medium level of condence (value of
2) indicated that a borehole's position was correct to approx. 5250m. A low level of
condence (value of 3) usually indicated that the error was likely 250500m, but in some
instances this could be up to 12.5km. Boreholes were not included in the database if
the error in their location was deemed to be greater than 2.5km.
In order to establish if in any cases the magnitude of the horizontal error in a borehole
record were such that it could result in the core being placed the wrong side of another
borehole, a spatial analysis of the data was run in ArcGIS. All boreholes with a
medium or high level of condence within radii of 250m (the usual level of inaccuracy
implied by a low level of condence) and 2.5km (the maximum level of inaccuracy) of
any boreholes with a low level of condence were extracted by the Selection>Select by
location tool in ArcGIS. Two boreholes fell into the former group; twenty-four into the
latter. These records were individually checked, and it was found that in no cases was it
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probable that they were likely to have been placed the wrong side of each other. A
similar analysis was run to establish if any boreholes at a low level of accuracy in their
location were within 250m or 2.5km of any other boreholes with the same level of
accuracy. This analysis was accomplished using the Analysis>Proximity>Point Distance
tool in ArcGIS with search radii of 500m and 2.5km respectively. Over 300 boreholes at
a low level of location accuracy were situated within 500m of another borehole with the
same low level of accuracy; nearly 450 were situated within 2.5km. However, through
analysis of the individual borehole records concerned it was found that none of those in
the former group were actually likely to have been placed the wrong side of each other.
This is because the locations of the particular boreholes concerned were undertaken by
the same surveys and georeferenced from the same maps. Thus even through their
absolute locations on the surface of the earth could have been in the wrong locations,
they were located correctly relative to one another (i.e. a systematic rather than random
error). In the latter group, the same analysis showed there to be a potential issue in that
one particular borehole could have been placed incorrectly relative to 15 others; another
could have been placed incorrectly relative to two others. It was felt that in a database
of over 1600 records, a low probability of two boreholes being placed in incorrect
locations relative to others was a suitable level of horizontal error.

5.3.2

Vertical resolution

In addition to the recording of horizontal accuracies in the borehole records, it was
necessary to similarly consider the degree of accuracy at which borehole vertical
elevations were known. Once again, an entry was created in the database for each core to
record this quantity, which was registered on a three-point scale. A high level of accuracy
(value of 1) indicated an error that was estimated at

±0.15m,

and which was introduced

from measuring well-constrained borehole elevations from published cross-sections with a
ruler. A medium level of accuracy (value of 2) indicated an error closer to

±0.5m,

usually arising from borehole elevations being interpolated from 1m contours on a map.
A low level of accuracy (value of 3) was applied when SRTM data were used to infer the
elevation of boreholes and no other corroborating information was available. Regression
analysis showed this dataset to have a standard deviation of its residual of some 3.3m
(appendix B).
A complication with the given elevations of the borehole records is that they were not all
presented with reference to the same datum. Many core heights were presented with
reference to the Survey of Egypt datum; others were derived from SRTM data, which
expresses heights relative to the EGM96 geoid; nally a small number had been
converted from ellipsoidal values to orthometric heights using the EGM2008 geoid.
These three datums are dierent, and in order to make the core heights comparable, it
was also necessary to apply datum conversions to express all cores relative to the Survey
of Egypt datum (Fig. 5.3). This datum was selected because of the three datums it is
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the most geologically meaningful, approximating the true geoid more exactly than the
others (Dawod and Ismail, 2005).
Most core heights were presented with reference to this Survey of Egypt datum, dened
in 1907 as the Egyptian Geodetic Datum (EGD) and taken from mean sea-level at
Alexandria, based on daily low and high water readings through the old Alexandria tide
gauge at the eastern end of the western harbour in the period 18981906 (Browell, 1987;
Cole, 1944). Recently, this level has been surveyed at Alexandria as being 14.61±0.03m
below the WGS-84 reference ellipsoid (Blue and Khalil, 2011, p. 35). All Survey of
Egypt heights are tied to this datum using a series of levelling networks established
19061945, thus these Survey of Egypt heights are orthometric heights. There are known
problems with the levelling networks: they have been adjusted section by section, not
through a unique least squares adjustment; however the magnitude of these issues (of the
order of

±5cm)

are immaterial for the purposes of the current investigation (Dawod and

Ismail, 2005).
However, a number of cores' elevations were ascertained using SRTM void-lled data
(Jarvis et al., 2008), and these orthometric heights are expressed relative to the EGM96
geoid model (Lemoine et al., 1998). A small number of other cores were expressed
relative to EGM2008 (Pavlis et al., 2012). It is meaningless to compare cores whose
elevations are expressed relative to dierent datums, and thus it was necessary to
transform the elevations of those cores which referenced the EGM96 and EGM2008 geoid
models in order to express them relative to the Survey of Egypt datum. This was
accomplished through a series of pointwise conversions in ArcGIS. First the EGM96- and
EGM2008-referenced points were re-expressed relative to the WGS-84 ellipsoid, then
they were re-expressed relative to the Survey of Egypt datum. A summary of the
procedure is given in Fig. 5.3. The corrections applied by this procedure are signicant,
as can be readily seen on Fig. 5.4, where the dierent geoid models are displayed.
In order to rst re-express the EGM96- and EGM2008-referenced points to the WGS-84
ellipsoid, the orthometric height (H ) of each relevant core was added to the relevant
geoid height (N ) at each location to give a series of ellipsoidal heights (h) relative to the
WGS-84 ellipsoid (Equation 5.1). The variation in the geoid height (N ) of EGM96 across
the delta was established using an MS-DOS program called F477.exe (NASA, 1998).
This program took WGS-84 latitude/longitude coordinates as an input, and output a list
of the corresponding EGM96 geoid heights (N ) relative to the WGS-84 ellipsoid. A grid

◦

◦

of 3312 points at 0.05 degree increments, covering the Nile Delta from 29.40 E, 29.65 N

◦

◦

to 32.80 E, 32.00 N, was created in Microsoft (MS) Excel and input into the program,
the program was run, the resulting EGM96 heights were input into ArcGIS and a raster
surface was interpolated between them using an inverse-distance-weighting (IDW)
method at power 2, with 8 points used in the calculation of each new point. In order to
likewise establish the variation in the geoid height (N ) of EGM2008 the relevant data
were downloaded (NASA, 2008), input into ArcGIS, and interpolated in the same way as
EGM96. Both the EGM96 and EGM2008 geoid height surfaces are displayed in Fig. 5.4.
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Figure 5.3: Flowchart showing the method used to convert all cores' elevations to the

same (Survey of Egypt) datum. In this and subsequent owcharts, commands in italics
are ArcGIS toolbox processes, and

bold text indicates raster surfaces in ArcGIS.
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Figure 5.4: Geoid models for the Nile Delta expressed relative to the WGS-84 ellipsoid.

Finally, the ellipsoidal elevations of the cores which referenced EGM96 and EGM2008
were converted into orthometric heights relative to the Survey of Egypt datum again
using Equation 5.1, by subtracting the geoid height (N ) of this datum. The spatial
variation in this geoid height (over WGS-84) was approximated by a proxy model,

1
N2008

(Fig. 5.4c), which was created in MS Excel from the EGM2008 geoid model using a
conversion derived by Dawod et al. (2010). This conversion adjusted the EGM2008
global geoid model according to Equation 5.2, using data from 305 levelling points whose
geoid undulations had been directly computed and whose orthometric heights were
known relative to the Survey of Egypt datum. This adjusted geoid model

1
N2008

is not

the best derived conversion for the country as a whole, which is instead represented by a
dierent equation (Equation 5.3, in which

ψ

is latitute and

λ

is longitude) but it

performed best in the delta region, with a standard deviation of its residual over the
whole of Egypt of 19cm, and a residual in the delta area that varied by approx. 60cm.
Thus for the purposes of the current study the
represent the Survey of Egypt datum to within

1
N2008

local geoid was assumed to

±0.3m.

It was therefore this geoid

surface that was used to convert the ellipsoidal heights into orthometric elevations.

h=H +N

(5.1)

1
N2008
= 1.271413252 + 0.897054105 × EGM 2008

(5.2)
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2
N2008
= −5.529490551 − 0.05161249ψ + 0.219581806λ + EGM 2008

5.3.3

(5.3)

Incorrect assignment of stratigraphy

Since many previous surveys had interpreted their cores in diering ways, and under
dierent stratigraphic paradigms as to the overall form of the delta deposits, it was
necessary to analyse every core record in as much detail as possible in order to map the
recorded lithologies onto the new stratigraphic Formations and Members faithfully. In
some cases original documentation was very detailed and allowed easy mapping of
described units onto those of the current synthesis. In other cases  often where cores
had been collected for a reason other than high-resolution geological investigation  the
records were much more limited and harder to unambiguously interpret. There thus
arose the potential for an error to be introduced corresponding to an incorrect
assignment of the stratigraphy.

Assigning sediments to the Modern Aeolian Member was generally easy, since these
sediments are distinctive and occur occupy a well-dened position at the top of the
stratigraphic column. Similarly, it was usually simple to input the division between the
Bilqas Formation and the Mit Ghamr Formation, since the lithological dierences
between these units are substantial and had been specically noted by almost all core
surveys which penetrated deep enough. However, a level of mis-assignment could have
arisen in distinguishing the Mit Ghamr Formation from the Geziracover Formation in
places, since they are lithologically similar. Establishing a division between the Bilqas 1
and Bilqas 2 Members was also very simple in some cores, and very dicult in others. In
those for which it was impossible, the relevant sediments were simply input into the
database as Bilqas 1/2 (undivided).

In order to record the resulting estimated potential error in stratigraphic assignment, a
value between 1 and 3 was again assigned to each core record. In contrast to the errors
in vertical elevation and horizontal position, this was necessarily a more subjective
judgment. Boreholes for which lithological information was extremely poor or ambiguous
and no reasonable judgments could be made were not included in the database.

5.3.4

Weighted error

Given the three sources of error noted above for each borehole (horizontal position,
vertical elevation and stratigraphic assignment), it was further possible to create an
overall error estimate for each core record, by combining these three error estimates.
Each error as recorded on a 13 scale could be combined in a weighted average sum to
produce an overall non-dimensional number between 0 and 1 that it was felt best
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approximated the overall error () in the stratigraphic record for each borehole
(Equation 5.4).

=

w1 × error(horizontal) + w2 × error(vertical) + w3 × error(strat)
3

The choice of the weighting parameters

w1 , w2 , w3

(5.4)

was selected based upon the

approximate relative contributions of each factor in contributing to an overall error. The
error in stratigraphic assignment (w3 ) was deemed approximately 3.5 times more
important than the error in vertical elevation (w2 ). A medium condence in vertical
elevation resulted in a (vertical) error of approximately

±0.5m;

while a medium error

in stratigraphic assignment was felt in most cases to result in an potential error of
approximately
error of some

±2m:

±3m;

in an error of over

four times as much. A low condence in vertical elevation was an

a low condence in stratigraphic assignment could actually result

±10m,

about three times as much. Overall, therefore, the error in

stratigraphic assignment was deemed approximately an average of 3.5x more important
than the error in elevation.
The error in vertical elevation in turn was deemed approximately twice as important as
the error in horizontal position (w1 ). A medium level of condence in horizontal
position indicated an approximate error of up to

±125m

in the location of the core.

Since spatial autocorrelation appears to exist in the Nile Delta over approximately 8km
(section 6.2.2), a 125m error is thus an uncertainty of 1.6% (of 8km). A medium level
of inaccuracy in the vertical elevation (±0.5m) is an error of 3.3% (if the top 15m of the
delta deposits are considered), which is approximately twice as much. Similarly a low
condence in horizontal position could be an error of 1km or so (13% of 8km); a low
condence in the vertical elevation could be an error of some

±3m,

or 20% of 15m, which

is again about twice as much.
Given this basic reasoning, the weighting parameters were chosen as the solutions to the
following equations:

w1 + w2 + w3 = 1; 2w1 = w2 ; w3 = 3.5w2 ;

w1 = 0.1; w2 = 0.2; w3 = 0.7.
value for



with solutions

Using these parameters, each core was then assigned a

using Equation 5.4. Fig. 5.5 shows the overall error propagation tree, whose

complexity demonstrates how a more quantitative error estimate cannot reasonably be
estimated for the data.
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Flowchart showing the propogation of potential errors into the borehole

database. Text in brackets indicates the estimated magnitude of each error in the quantity
considered.
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Summary

This chapter has brought together all the accessible lithostratigraphic data for the
Holocene Nile Delta, and reinterpreted it within a new, delta-wide, stratigraphic
framework. In order that the data can be explored at spatial scales larger than those
which previous studies have achieved, it has also collated a database containing all this
information. Through the process of building this database, various issues with the input
data have been discussed, and the process has highlighted the need for accuracy in
recording both the sediments themselves and the locations where they were collected.
The next two chapters use the information contained within this database in order to
build a series of models of the delta's Holocene geological structure and landscape
evolution at a range of spatial (and temporal) scales.

Chapter 6

Three-dimensional architecture of
the Lower Holocene deposits
6.1

Introduction

As explained at the beginning of this part of the thesis (section 3.1), the overall goal of
chapter 6 is to understand how the three-dimensional architecture of the Lower Holocene
deposits of the Nile Delta can inform on the nature of the previous landscapes which
they represent. This goal is accomplished here by examining the database collated in the
previous chapter using computer modelling techniques, to produce surfaces showing the
spatially variable depth of particular sedimentary units across the delta. Modelling took
place at a variety of spatial scales: at a delta-wide resolution; and at the site-scale and
regional-scale, using data from individual previous landscape surveys. The individual
surveys which were remodelled in this way were: the Amsterdam University Survey
Expedition to the Nile Delta (AUSE); the Mansoura University Western Delta Survey
(MUWDS); the Buto Regional Survey (BRS); the Western Delta Landscape Project
(WDLP) and the survey at Sais. The locations of these surveys are displayed on Fig. 6.1.
For each area modelled, all stratigraphic surfaces were interpolated and stacked to build
a 3D deposit model, but two particular geological surfaces were focussed on, as both
individually and together these provide the most information about the nature of the
early Holocene landscapes. The rst of these surfaces was a pre-delta surface, which is
formed in the uvial zone of the delta by a combination of the top surfaces of the Mit
Ghamr and Geziracover Formations. The second was the top surface of the Bilqas 2
Member.
Together, these surfaces can inform on three main aspects of the early and mid-Holocene
deltaic landscapes: i) patterns of palaeo-drainage, ii) the local extent of the LSC
landscape in relation to topographic highs, and iii) the process of landscape
transformation as deposition of the Bilqas 2 Member gave way to the Bilqas 1 Member
129
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through the LSC-Meandering Transition. In the absence of spatially variable subsidence
(see chapter 7), the pre-delta surface is an estimate of the palaeo-topography upon
which the lower-gradient deposits of the Holocene Bilqas Formation were unconformably
laid down, and within which the locations of valleys can potentially record the patterns
of palaeo-drainage during the early Holocene. The three-dimensional relationship of this
topography to the top surface of the Bilqas 2 Member then provides information on the
nature and spatial extent of the Lower Holocene LSC environment which the Bilqas 2
Member represents. Many previous surveys have indicated that Bilqas 2 deposits lie
within hollows and depressions in the underlying topography (Fig. 3.5), but the areal
extent of these depressions in relation to their surrounding highs is not yet fully known.
Finally, an appreciation of the variable depth to the Bilqas 2 top surface itself, a surface
which represents the LSC-Meandering Transition, can also potentially inform on the
nature of the transition and the process of transformation from the LSC to the
Meandering landscapes.

Finally, as well as providing information on the nature of the Lower Holocene deposits
and the landscapes thus represented, the models are also stepping-stones in the
development of a four dimensional landscape and aggradation model for the Holocene
Nile Delta, a model which is fully developed in the following chapter.

BRS

AUSE
North

Sais
WDLP

MUWDS

AUSE
South

±
0

15

30

60 Kilometers

Figure 6.1: Locations of areas hosting sedimentary data which were remodelled in three

dimensions. The dark green line divides the coastal zone from the uvial region of the
delta (appendix A).
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Methodology

6.2.1

Modelling processes

The stratigraphic database collated in the previous chapter provides information on the
variable depth (elevation) of each sedimentary unit encountered within boreholes
undertaken in the Nile Delta. However, in order to infer the elevation (z ) of these units
at points in space between the boreholes, and thus produce a continuous estimate for the
top surface of each stratigraphic unit across the delta, it was necessary to interpolate
values of

z

between the borehole records. A range of modelling methodologies are

available in order to do this. Nearest neighbour and natural neighbour methodologies
were discarded due to the continuous nature of the data being modelled (elevations), and
polynomial interpolation methods were excluded due to the very wide range of length
scales over which the landscape variability operated, leaving three methods available as
Triangulation, Inverse-Distance Weighting (IDW) and Kriging.
Triangulation is the simplest modelling technique of the three. This method interpolates
the value of the parameter in question (z ) as if it were to exist on the surface of a plane
dened by the three closest control points (known points). The method thus produces a
discontinuous set of triangular segments of planar surfaces bounded by the control
points. It is a useful rst-order method for exploring the dataset, honouring the control
points exactly, highlighting outliers and areas of interest, but ultimately it does not
produce a geologically reasonable surface; it also gives absolute and equal importance
to each control point, which is not always a reasonable assumption since a control point
may itself be anomalous.
The IDW methodology produces a more plausible smooth surface than triangulation
that varies continually across the entire modelled area. It assumes that the value of the
parameter in question (z ) at a particular point
weighted average of its values (zi ) known at

z x0 =

x0

can be estimated through a simple

n neighbouring control points (Equation 6.1).
n
X

ai zi

(6.1)

i=1
The weighting coecients (ai ) sum to one and are usually calculated assuming they
follow an inverse function of the distance
calculation that are closer to

z x0

x0 − xi ,

such that points involved in the

will be weighted more highly than those further away.

Underlying this is the simple and realistic assumption that spatial autocorrelation
decreases as a function of distance (the values of two points close together are more
likely to be more similar than two points further apart).
This IDW method, however, can be enhanced by modication in a dierent method
called Kriging, which was the modelling process ultimately selected. Kriging (Matheron,
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1963) starts by assuming that the value of the parameter in question (z ) at a particular

x0

point

can be estimated through a weighted average of its values found at

n

neighbouring known points, in exactly the same way as an IDW methodology (Equation
6.1). However, in contrast to the IDW scheme, the weighting coecients (ai ) in the
Kriging process are ascertained using models of the degree to which spatial
autocorrelation occurs as a function of distance, and along dierent directional vectors.
These models importantly derive from the observed dataset. In the IDW methodology
the weighting coecients are simply an assumed function of linear distance, and are not
derived from the observed data. The advantages of Kriging over a simple method like
IDW are therefore that it uses both the values and the variability inherent within the
dataset as a basis for its interpolation (rather than just the values), and that it can pick
out directional trends within the data. The main disadvantages are its complexity and
computer processing requirements. The Kriging process is explained at length in
appendix C.
The software used for the modelling was Rockworks 15, the same software in which the
database was stored. Rockworks 15 incorporates a wizard that sets up the interpolation,
which also requires input of a series of key parameters (see section 6.2.2 below). As an
industry-standard piece of mining software, however, Rockworks 15 also incorporates a
wizard for interpolating multiple surfaces consecutively, stacking them on top of each
other to build a full stratigraphic model.

6.2.2

Selection of modelling parameters

The Kriging process within Rockworks 15 takes a variety of parameters, the selection of
which is heavily dependent upon characteristics of the input dataset. For each model
run, decisions were made about exactly which values to use, and for each model output
(section 6.3) the parameters selected are tabulated. The parameters available for
manipulation are:



Spoke spacing & tolerance : This is the angular distance between the dierent
spokes that divide the directional sectors along which the Kriging process searches
for variability, as illustrated in Fig. C.2 (appendix C). A spoke spacing of 45

◦ with

◦ was used for all models. The Nile Delta subtends an angle of

a tolerance of 22.5

◦ at Cairo, and thus a 45◦ spoke spacing was the most certain

approximately 90

way to capture any dierential variation in a transverse sense across the delta
compared to a longitudinal sense (parallel to the river).



XY node spacing : Selected on a model-by-model basis, this was based on the
minimum average distance between boreholes. For each modelled area, models
were run initially at the minimum average distance between boreholes, then these
were compared with higher-resolution models run at approximately one-third of the
average distance between boreholes, to ensure no artefacts were being introduced
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at the higher resolution. In all cases, it was ensured that the horizontal error in the
data point locations (section 5.3.1) was smaller than the chosen XY spacing, since
if errors in the locations of boreholes were larger than the selected XY node
spacing this would render the conclusions of the model useless.



Distance increment & tolerance : This is the dierence in the radii of sequential
concentric circles within which the Kriging process searches for variability, as
illustrated in Fig. C.2 (appendix C). The distance increment was always selected
as the XY node spacing; the tolerance was half of this so as not to miss any data
points.



Z node spacing : Selected on a model-by-model basis, this was based on the
maximum usual vertical error in the borehole records. In many cases this was

±0.15m

as explained in section 5.3.2, and so a Z node spacing of 0.3m was deemed

appropriate; in others the error was larger and thus a larger Z node spacing was
required.



Assumptions as to the semi-variogram : The semi-variogram was always assumed to
be Gaussian with nugget (see appendix C). Semi-variograms were always created
and checked for each modelled area, and not one displayed a variogram that was
anything other than Gaussian with nugget.



Number of neighbours : This is the number of control points that are used in each
interpolation. Eight neighbours were always used, which ensured that the Kriging
process had the potential to take into account at least one data point from each of
the eight directional segments under consideration, and is a reasonable assumption
(Rockware, 2008).



Maximum distance : This is the maximum radius within which the Kriging
algorithm will search for points. A maximum distance of 8km was used, as this was
the average range of the best-t semivariograms for the data across the whole delta.



Densify : This is a modelling setting particular to Rockworks, which was used on a
model-by-model basis. This tool created extra control points within the original
grid of boreholes, at the centre of each triangle formed by a Delaunay triangulation
network based on the boreholes. The tool was used where points had been
collected in widely spaced transects perpendicular to the regional geology (ie in a
transverse sense across the delta).



Decluster : This is a modelling setting particular to Rockworks, which was used on
a model-by-model basis. Before the Kriging model is run, this option lays a
rectangular grid over the data with the same number of cells in both X and Y
dimensions, and ensures that there is a maximum of one control point within each
cell. When data are tightly clustered in one cell, it thus takes an average of those
data to produce a single point, which is then used as a control point in the Kriging
process. This option can prevent models being biased towards data from areas
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which have high data density, and was thus selected for models which contained
areas of both tightly clustered data and not-tightly-clustered data. The number of
cells selected when this option was used was such that the longer dimension of each
rectangular cell was equal to the XY node spacing.



High delity : This is a modelling setting particular to Rockworks, which was
always used. This option adjusts the nal Kriging model to more closely honour
the control points.



Baseplate : A model-building setting particular to Rockworks, which was always
used. This adjustment simply gave the ability to extend the lowermost unit (Mit
Ghamr) downwards to a xed elevation in order to produce a full 3D volume. This
elevation was usually selected as the depth of the deepest data within each model.



Hide thin zones : A model-building setting particular to Rockworks, which was
always used. This tool allowed units with a negligible thickness to be ignored. It
was used in order to enable stratigraphic pinch-out of individual units. An
arbitrary thickness of 5cm was used as this pinch-out limit.



Onlap : A model-building setting particular to Rockworks, which was always used.
This tool builds a full stratigraphic model from the bottom upwards, deleting
upper units in locations where their existence is interpolated beneath an
already-existing lower unit. In doing so it creates unconformities by onlap.

6.2.3

Data `xes' and nal method

In principle, the method employed for the stratigraphic modelling is very simple. Having
chosen specic values for the parameters discussed above within the relevant wizards,
Rockworks 15 was used to interpolate all surfaces within the area being modelled.
Because the onlap and  and hide thin zones tools are applied, this is done in a very
specic order. Rockworks starts with the lowermost dened stratigraphic unit, searches
all borehole records for the occurrence of this unit, and interpolates a top and a bottom
surface for this unit through the relevant points. It then takes the next lowermost
stratigraphic unit from a predened stratigraphy table and does the same, but then
clips this unit, deleting areas where its interpolated surface exists below the underlying
unit, thus creating an unconformity through onlap. The next unit up the stratigraphy is
then interpolated, then clipped, and so on. Finally, areas of units which have zero or
negligible thickness are also clipped, thus creating a pinch-out where this occurs. The
pre-dened stratigraphy table was usually set up with the seven stratigraphic units
recorded in the database (section 5.2) in the correct order, but for some models it was
not necessary to include units which did not exist in the area in question.
Through this process, the top surfaces of all members of the stratigraphy table could be
interpolated, and then clipped to those lower in the sequence to not only produce
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continuous maps showing their variable height, but also their areal extents. Once this
was achieved for all units, the two surfaces of interest for the current investigation: the
pre-delta topography and the top surface of the Bilqas 2 Member, could be extracted.
The Bilqas 2 surface could be taken directly into ArcGIS from its output le in
Rockworks; the pre-delta topography could be created in ArcGIS by hybridising the
exported top surface of the Mit Ghamr Formation with the top surface of the
Geziracover Formation, each being used where it was encountered above the other.
However, a number of problems and shortfalls occur when the modelling method is
employed with the current dataset. The most particular problem is related to the fact
that many boreholes do not dierentiate between Bilqas 1 and Bilqas 2 Members, and
where this occurs the stratigraphic database records this ambiguity by the entry Bilqas
1/2 (undivided) (section 5.3.3). The Rockworks modelling process cannot nest
stratigraphic relationships within one another, and would try to model the distribution
of Bilqas 1/2 (undivided) as an entirely separate unit, which is obviously unrealistic. A
two-step x was applied to the data in order to overcome this problem. In the rst
step, database entries of Bilqas 1/2 (undivided) were deleted. Then, at the base of each
deleted Bilqas 1/2 (undivided) entry were inserted all missing lower units at zero
thickness, while at its top was inserted the Modern Aeolian unit, again at zero thickness.
Thus a borehole whose original record may have been:



03m Bilqas 1/2 (undivided)



35m Mit Ghamr Formation

would become:



00m Modern Aeolian Member



33m Coastal Member



33m Transgressive Sand Formation



33m Geziracover Formation



35m Mit Ghamr Formation

This x forced Rockworks 15 to only allow the 03m part of the borehole record to be
lled with either or both of the Bilqas 1 and Bilqas 2 units, with no other unit allowed
within this space. This replicates the reality of Bilqas 1/2 (undivided) exactly. The
modelling process was free to interpolate a division between the two units at any point,
which could either be within this 03m window or outside it. If the unit Bilqas 1/2
(undivided) had been simply deleted without the remaining stratigraphy being lled-in,
then the empty space remaining at 03m could have been interpolated as being lled
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Figure 6.2: A owchart illustrating the processes by which data were manipulated in

order to produce maps of the pre-delta topography and the top surface of the Bilqas 2
Member.

Bold text indicates rater surfaces; commands in CAPITAL ITALICS

are sub-

processes. Subprocesses MERGE, MERGE2 & CLIP are illustrated in Figs. 6.3 & 6.4.
The INTERPOLATE command identies the Stratigraphy>Structural Elevations>2Dimensional command in Rockworks, with selection of parameters input as described in
section 6.2.2.
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End
R8 is output as an appropriate estimate of the Mit
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Figure 6.3:

A owchart illustrating the MERGE subprocess of Fig.

6.2.

In this

example, the process illustrates the MERGE ing of the MG Top surface and the MG
SoME. MERGE2 is identical, except that -0.05 is used as the cuto rather than 0 in the
reclassication; R1 is masked using R5 (not R4), R3 is queried as to whether it contains
any negative pixel values, and R2 is masked using R4 (not R5).

with any of the other units, which is obviously not what the record of Bilqas 1/2
(undivided) represents. It did not matter that the example borehole above nominally
contained a stratigraphic entry for all units: after tting each surface through those
points, the Hide thin zones tool in the modelling process then of course deleted those
units which were not actually encountered in the borehole from the area (since they had
zero thickness).
Of course, if the original borehole record was:



03m Bilqas 1/2 (undivided)



35m Transgressive Sand Formation

then the only lower units that were inserted were those missing from the stratigraphy
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Figure 6.4: A owchart dening the CLIP subprocess of Fig. 6.2. In this example, the

Bilqas 2 Top surface is CLIP ped by the MG Top surface.

down to the Transgressive Sand Formation, and the record would become:



00m Modern Aeolian Member



33m Coastal Member



35m Transgressive Sand Formation

A second problem arises because the modelling process ignores all data from a borehole
in the interpolation of a particular unit if that unit is not encountered in the borehole.
This does not use the available data to its fullest extent. For example, consider a case
where the model is engaged in creating the top surface of the Mit Ghamr Formation. It
will entirely ignore  for instance  a borehole 8m deep that only penetrated sediments of
the Bilqas 1 and Bilqas 2 Members, even through this borehole contains relevant
information in that it constrains the top of the Mit Ghamr Formation at this point to a
depth below 8m. There is no mathematical way to modify the relevant Kriging
algorithms to introduce an inequality relationship and take account of this.
In order to note instances where this could cause problems and issues, an adjusted series
of models corresponding to Surfaces of Maximum Elevation were created by running
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the same model but with adjusted borehole data (Fig. 6.2). For these adjusted models,
each borehole that did not encounter the Mit Ghamr Formation had its record modied
such that the Mit Ghamr Formation and Geziracover Formation were placed with a
thickness of 0m at the base of the hole. This produced a minimum depth (maximum
elevation) estimate for each core of the full stratigraphy which could have been
encountered had the borehole continued deeper and not terminated within the Holocene
section. Using this data, Surfaces of Maximum Elevation were interpolated for the Mit
Ghamr and Geziracover Formations (Fig. 6.2).

These surfaces were then compared with those produced from the unaltered borehole
records. Of course, the Surface of Maximum Elevation should exist in all locations at a
higher elevation than the original, driven as it is by the minimum possible depths to the
modelled unit in all locations. However, due to the fact that the original surface was not
being interpolated using the full amount of data available (because it ignored the
boreholes which terminated within the Holocene section), this was not always the case.
In places in which the Surface of Maximum Elevation was inferred beneath the original
surface, this indicated that the original surface was incorrect and would have been placed
lower had the original boreholes been continued down to deeper depths. If this was the
case in any location, a hybrid surface was created as a best-estimate maximum
elevation model of the modelled unit. This was created by joining the original and the
adjusted models together, each being used in the area most appropriate. The original
surface was used in places where the Surface of Maximum Elevation was higher than
the original; the Surface of Maximum Elevation was used in places where it was lower
than the original.

A further problem that then leads on from this issue is that if the onlap tool in
Rockworks were to be applied in the building of a deposit model using the original
surface, units that are higher up in the stratigraphy table would nd themselves being
clipped by a surface that is known to be incorrect and too shallow in places. Thus
these units can be accidentally clipped in places that they shouldn't be. To compensate
for this issue, the hybrid surface was manually used in ArcGIS to truncate units higher
up in the stratigraphy table (Fig. 6.2).

An exhaustive schematic summary of the nal methodology employed, which addresses
these issues to produce best estimates of the pre-delta and Bilqas 2 top surfaces is
presented in Figs. 6.2, 6.3 & 6.4. Due to its complexity, the method is best illustrated by
example, and as such the results of each modelling undertaken in this chapter
sequentially work through the method, discussing the pitfalls inherent within the data in
each case, and highlighting the necessity of adjusting the input.
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6.3
6.3.1

Results
Remodelling of cores of the AUSE project: southern section

Due to dierences in original data collection methods (diering depths of original core
drillings), the AUSE project was modelled in two parts: a southern section and a
northern section. The model of the southern section included all cores undertaken during
the 1987 season of the AUSE project, centred on the town of Abu Kebir, and which were
included in the report of de Wit and van Stralen (1988a). These mainly comprised the
deeper cores of the overall AUSE project. The region encompassed by these cores also
included a number of cores from earlier seasons, which were also input into the model:
those on section AB of van Wesemael and Dirksz (1986) and those on section BB' of
Sewuster and van Wesemael (1987). Six cores within the volume of Attia (1954) were
also within the study area, but on comparison of the stratigraphy of these isolated
records with those of the AUSE study, it became clear that the stratigraphies in these
older cores had been misassigned, and as such they were discarded from all work within
1

this model and henceforth . The only units encountered in these studies were the
Modern Aeolian Member, Bilqas 1 Member, Bilqas 2 Member and the Mit Ghamr
Formation, so the models were run in Rockworks 15 with a stratigraphy table of these
four units only. The pre-delta topography in this area is thus represented by the top
surface of the Mit Ghamr Formation only.
Figure 6.5 shows that in this area the distribution of cores is fairly good; they are
arranged in transects perpendicular to the rivercourses. This pattern of data  along
transects perpendicular to the prevailing geomorphological trend  meant that the
Densify tool was used. The XY node spacings selected of 540m and 180m are
compatible with the degree of horizontal accuracy in the boreholes records. Even though
the low degree of accuracy in most borehole locations indicates a potential error greater
than this, the relative errors are signicantly smaller (see section 5.3.1). A 0.3m Z node
spacing was selected, as described in section 6.2.2, since all cores' elevations are known at
a high degree of accuracy. No area has a signicantly higher density of cores than any
other, so the Decluster tool was not necessary. Figs. 6.6 and 6.7 show that the
distribution of cores containing the Mit Ghamr Formation is good while those containing
Bilqas 2 is fairly poor, although there are cores all around the area that do include this
unit. The high degree of similarity between Figs. 6.8 & 6.9, and 6.10 & 6.11 shows that
the Kriging process is not introducing many artefacts when it is run at closer XY node
spacing (although there are two small extra patches of Bilqas 2 sediments in Fig. 6.11).
However, it is clear that there are edge eects in the south, east, west and north-west
of the region as shown by the horseshoe shaped contours in these areas (Figs. 6.8 & 6.9).

1

Whilst the Mit Ghamr Formation was reached in the cores of the AUSE project at depths of some

6m or less, the older cores of Attia (1954) had deemed to have not encountered it until depths of some
3040m. Based on the wider appreciation of the regional geology from the AUSE project, this appeared
highly anomalous.
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Parameters of the AUSE South lithostratigraphic model.
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In this and all

further identical tables, the rst set of values indicate characteristics of the dataset used;
the next set are parameters selected for all models run; the next are those used for only
those models run at low resolution, and the nal set are those used only in those models
run at high resolution.

Parameter

Values

No. of borehole records used

334

Minimum average distance

542m

Borehole location accuracy

6x Medium; 6x Low

Vertical accuracy in records

334x High

Modelled area (X x Y)

20.6 x 17.5km

Z node spacing

0.3m

Densify (Y/N)

Y

Baseplate

-1.5masl

Maximum Search Radius

8km

Distance increment & tolerance

540 & 270m

XY node spacing

540m

Decluster (Y/N & #cells)

N & N/A

Distance increment & tolerance

180 & 90m

XY node spacing

180m

Decluster (Y/N & #cells)

N & N/A

Abu Kebir

Legend
Modelled Area
Core Locations

±
0

1.75

3.5

7 Kilometers

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS,
USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User
Community

Figure 6.5: AUSE South: Locations of cores used.
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Figure 6.6: AUSE South: Locations of cores containing the Mit Ghamr Formation.
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Figure 6.7: AUSE South: Locations of cores containing the Bilqas 2 Member.
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Figure 6.8: AUSE South: Top surface of the Mit Ghamr Formation (Low-res model).
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Figure 6.9: AUSE South: Top surface of the Mit Ghamr Formation (High-res model).
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Figure 6.10: AUSE South: Top surface of the Bilqas 2 Member (Low-res model).
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Figure 6.11: AUSE South: Top surface of the Bilqas 2 Member (High-res model).
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Figs. 6.12 and 6.13, however, highlight a major problem with these original models,
related to the fact that the models are not using the full information the borehole records
contain. Fig. 6.12 displays the maximum elevation (minimum depth) of the Mit Ghamr
formation, created from modifying the borehole records to articially include Mit Ghamr
sediments at the very bottom of each borehole in which it was not observed to occur. As
explained above in section 6.2.3, this Surface of Maximum Elevation can be used to
highlight areas where this interpolated surface is lower than that produced from the
original borehole records, and indicate that there is a problem with the original surface.
A comparison of Figs. 6.9 & 6.12 clearly shows that there are issues over a lot of the area
 for example in the north-west of the modelled area Fig. 6.12 shows that the boreholes
encountered sediments of the Bilqas Formation down to approximately sea-level.
However, Fig. 6.9 interpolated the Mit Ghamr Formation existing at depths of some
5masl above sea-level in these same locations  an interpolation which is obviously not
supported by the available evidence. Across the entire area the magnitude of these errors
is up to 6.6m, and a map showing their spatial distribution is displayed as Fig. 6.13.
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Figure 6.12: AUSE South: Surface of Maximum Elevation (SoME) of the Mit Ghamr

Formation.

Therefore, in order to generate a geologically meaningful best estimate of the maximum
elevation of the Mit Ghamr Formation, a nal surface was created from the two models,
as described in section 6.2.3. In locations where the Surface of Maximum Elevation
(Fig. 6.12) was above the original surface (Fig. 6.9), the original surface was used.
Where the opposite was true, the Surface of Maximum Elevation was used instead.
The nal output is shown as Fig. 6.14.
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Figure 6.13: AUSE South: Discrepancy between the SoME of the Mit Ghamr Forma-

tion and the High-res model of its top surface.

Legend
Core Locations

Bilqas 2 Top
masl

0 - 0.5
0.5 - 1
1 - 1.5
1.5 - 2
2 - 2.5
2.5 - 3
3 - 3.5
3.5 - 4
4 - 4.5
4-5
5 - 5.5

±

5-6
6 - 6.5

0

2.5

5

10 Kilometers

6.5 - 7

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS,
USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User
Community

Figure 6.14: AUSE South: Hybrid pre-delta topography of the Mit Ghamr Formation.
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Finally, as also described in section 6.2.3, the inaccuracies in the original surface can
have caused knock-on eects higher up the stratigraphy table, truncating units
inappropriately through the onlap function. In order to compensate for these potential
errors, the hybrid surface of Fig. 6.14 was then used within ArcGIS as a base surface
with which to truncate (clip) the Bilqas 2 surface through onlap, as described in section
6.2.3 and the owcharts of Figs. 6.2, 6.3 & 6.4. The resulting re-clipped Bilqas 2 top
surface is shown in Fig. 6.15. This again can be seen to dier substantially from Fig.
6.11. Lastly, a map showing the depth to this unit in metres below the hinterland surface
(Fig. 6.16) was created by taking away this surface from the top of the Bilqas 1 unit
(which was exported from Rockworks 15 as an unclipped surface).
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Figure 6.15: AUSE South: Bilqas 2 top surface re-clipped using hybrid models of lower

units.

While the hybrid surface of the top of the Mit Ghamr Formation (the pre-delta
topography in this area) as shown on Fig. 6.14 cannot give a full picture of the relic
topography of the delta in the early Holocene, since so much of Fig. 6.13 shows
substantial discrepancies in the original modelled surface, it still gives a good picture of
the positions of the local highs, especially when it is compared with the original
distribution of cores which encountered the unit (Fig. 6.6). Specically, the early
Holocene topography appears to have consisted of a chain of (now buried) hills extending
roughly SSWNNE through the centre of the area, with lower areas either side. Isolated
topographic highs also existed in the southeast and east of the area. Between these
highs, Figs. 6.15 & 6.16 show that the Bilqas 2 Member exists within hollows and
depressions of the Mit Ghamr Formation, usually where the Mit Ghamr formation itself
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Figure 6.16: AUSE South: Bilqas 2 top surface re-clipped using hybrid models of lower

units (below surface).

lies below 23masl. Thus the early Holocene landscapes in this area likely comprised a
patchwork of dierent environments: locally varied, dynamic wetland landscapes of the
LSC environment (represented by the Bilqas 2 Member) situated between larger areas of
more well-drained, higher land.
The top surface of the Bilqas 2 Member in this area is marked by an unconformity
(de Wit, 1993) recorded by a thin layer of sand (interpreted as a deation horizon).
Above this the very dierent oodplain environments of the Meandering landscape are
represented by deposits of the Bilqas 1 Member. Fig. 6.16 shows that this surface
appears relatively at across the area at a depth of 33.5m below the ground surface, at
about 23masl. This would suggest that the unconformity is not substantially erosional
(since if so it would presumably be located at dierent depths in dierent places), and
also that the Bilqas 2  Bilqas 1 transition occurred broadly synchronously across the
area.

6.3.2

Remodelling of cores of the AUSE project: northern section

The model included all other published cores undertaken by the AUSE regional survey
(Sewuster and van Wesemael, 1987; van Wesemael and Dirksz, 1986), and also includes
those at the sites of Tell Ibrahim Awad, Tell el-Iswid S and Tell Gherier. In the extreme
c

south-east of the region lies Tell ed-Dab a, and all the available cores from this site were
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also input into the model. Since none of the cores from this region recorded having
2

encountered Bilqas 2 sediments , only the surface of the Mit Ghamr Formation was able
to be modelled in the current investigation, and the stratigraphy table was set up only
with the Modern Aeolian; Bilqas 1 and Mit Ghamr units, with the top surface of the Mit
Ghamr Formation representing the pre-delta topography. The one core at Tell
c

ed-Dab a which was deemed to have encountered the Geziracover Formation was  for
the simplicity of this model only  instead relabelled as having encountered the Mit
Ghamr Formation at these depths.

Figure 6.17 shows that in this area the distribution of cores is fair; they are arranged in
transects perpendicular to the rivercourses so the Densify tool was again used. In this
instance, however, the clustering of cores around Tell el-Iswid S and Tell Ibrahim Awad,
c

as well as Tell ed-Dab a in the south-east necessitated use of the Decluster tool. The
horizontal node spacings of 550m and 186m are again consistent with the degree of
horizontal accuracy in the borehole records as explained in the preceding example. A
vertical node spacing of 0.3m was selected since the vast majority of boreholes' elevations
were deemed accurate to this level of precision. A small number of records were not
c

accurate to this degree: twelve borehole elevations at Tell ed-Dab a were not known and
were taken from SRTM data before being sense-checked against the heights of known
surrounding boreholes, thus the model is therefore not likely to be accurate to 0.3m
c

within Tell ed-Dab a itself. Fig. 6.18 shows that the distribution of cores containing the
Mit Ghamr Formation is in general good, and once again the high degree of similarity
between Figs. 6.19 & 6.20 is also good, indicating that the Kriging process is not
introducing artefacts at closer XY node spacing.

However, once again the models suer from the same problem as the previous, in that
they are interpolating the surface of the Mit Ghamr Formation at depths that are too
shallow. Fig. 6.21 displays the Surface of Maximum Elevation of the Mit Ghamr
formation, which again lies below the original interpolated surface in numerous locations;
Fig. 6.22 shows the spatial distribution of the issue, which demonstrates that for this
model it is a major problem. When the two models (Figs. 6.20 & 6.21) are merged
together in the areas where they are most appropriate it is seen that the hybrid best
estimate model is almost identical to the Surface of Maximum Elevation.

As such, the nal surface (Fig. 6.23) is a very poor estimator of the true topography of
the Mit Ghamr Formation, only showing the position of local highs, which are arranged
in a line trending broadly east-west. The model also can be seen to suer from edge
eects, probably as a result of the data being arranged in lines. Nothing can be said
about the Bilqas 2 Formation in this area and the nature of the early Holocene
landscapes, since the limited coring depth of the surveys in this area meant that it was
not encountered.

2

The reason none of the cores encountered the Bilqas 2 Member in this area is most probably due

to the limited coring depths of generally less than 4m (van Wesemael and Dirksz, 1986); this should not
necessarily be taken as an indication of its non-existence in the area.
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Table 6.2: Parameters of the AUSE North lithostratigraphic model.

Parameter

Values

No. of borehole records used

213

Minimum average distance

557m

Borehole location accuracy

213x Medium

Vertical accuracy in records

201x High; 12x Low

Modelled area (X x Y)

24.6 x 15.8km

Z node spacing

0.3m

Densify (Y/N)

Y

Baseplate

-4masl

Maximum Search Radius

8km

Distance increment & tolerance

550 & 275m

XY node spacing

550m

Decluster (Y/N & #cells)

Y & 44

Distance increment & tolerance

186 & 93m

XY node spacing

186m

Decluster (Y/N & #cells)

Y & 134
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Figure 6.17: AUSE North: Locations of cores used.
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Figure 6.18: AUSE North: Locations of cores containing the Mit Ghamr Formation.
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Figure 6.19: AUSE North: Top surface of the Mit Ghamr Formation (Low-res model).
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Figure 6.20: AUSE North: Top surface of the Mit Ghamr Formation (High-res model).
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Figure 6.21: AUSE North: Surface of Maximum Elevation (SoME) of the Mit Ghamr

Formation.
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Figure 6.22: AUSE North: Discrepancy between the SoME of the Mit Ghamr Forma-

tion and the High-res model of its top surface.
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Figure 6.23: AUSE North: Hybrid pre-delta topography of the Mit Ghamr Formation.
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Nonetheless, even given these caveats, if the models of the top surface of the Mit Ghamr
Formation  the pre-delta topography  from both AUSE areas are looked at together
(Fig. 6.24), paths of inferred rivers in this area (from sedimentary information  de Wit,
1993) in general track the suggested valleys, clearly constrained by the pre-existing
underlying topography.
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Figure 6.24: Map showing the paths of inferred palaeo-river courses in
the AUSE study
<VALUE>
-1
area (de Wit, 1993) overlain on the modelled pre-delta topography.

-0.999999999
-0.999999999
-0.999999999

6.3.3

-0.999999999

Remodelling of cores of the Mansoura University Western Delta
-0.999999999 - -0.5

Survey

-0.5 - 0
0 - 0.5
0.5 - 1

1.000000001
- 1.5
This model included all cores of the MUWDS except one whose elevation
was deemed
1.500000001 - 2

too poor for reliable comparison. It also included three hand augers of the
WDRS
2.000000001 - 2.5
2.500000001
-3
(Wilson, 2007) and all 61 drilled at Kom Geif, which happened to be in the
study
area,
3.000000001 - 3.5

as well as one Survey of Egypt core (Attia, 1954). The stratigraphy table
was set up
3.500000001 - 4
4.000000001 - 4.5
with the Modern Aeolian, Bilqas 1, Bilqas 2, Geziracover & Mit Ghamr units;
the
4.500000001 - 5

pre-delta topography is here therefore made up of a combination of the5.000000001
Mit Ghamr
and
- 5.5
Geziracover Formations.

5.500000001 - 6
6.000000001 - 6.5
6.500000001 - 7

Overall, the distribution of cores is very good: they are arranged in a reasonably grid-like
pattern covering the area of interest (Fig. 6.25). Many cores encountered the Mit Ghamr
Formation and Bilqas 2 Member, as can be seen from Figs. 6.26 & 6.27. The high
concentration of cores at Kom Geif in the south-west of the modelled area necessitated
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Table 6.3: Parameters of the MUWDS lithostratigraphic model.

Parameter

Values

No. of borehole records used

81

Minimum average distance

896m

Borehole location accuracy

73x High; 8x Medium

Vertical accuracy in records

65x High; 2x Low

Modelled area (X x Y)

15.0 x 16.0 km

Z node spacing

0.3m

Densify (Y/N)

Y

Baseplate

-15masl

Maximum Search Radius

8km

Distance increment & tolerance

896 & 448m

XY node spacing

896m

Decluster (Y/N & #cells)

Y & 18

Distance increment & tolerance

298 & 149m

XY node spacing

298m

Decluster (Y/N & #cells)

Y & 54

use of the Decluster tool; the horizontal node spacings of 896m and 298m are entirely
consistent with the high and medium degrees of horizontal error in the borehole
records. A vertical node spacing of 0.3m was selected as the vast majority of boreholes
were accurate to this level. Figs. 6.28 to 6.31 demonstrate that at higher resolution,
artefacts are being introduced as edge eects: interpolated values can be seen to bleed
out towards the corners of the area. This can be seen especially in the SE and SW
corners of Fig. 6.31 and the NW corner of Fig. 6.29.

As with previous models, Figs. 6.32 & 6.33 show that in two locations the Mit Ghamr
surface is being interpolated at elevations that are too high. As described previously, this
can be xed and so hybrid surfaces of the Mit Ghamr and Geziracover Formations were
created and used to truncate units higher up the stratigaphy table, and thus the
adjusted Bilqas 2 top surface is given in Figs. 6.35 and 6.36. The pre-delta topography
is represented by a nal combination of the hybrid Mit Ghamr and Geziracover
Formations (Fig. 6.34).

The areas in which the model of the top surface of the Mit Ghamr Formation
necessitates hybridisation with the SoME are smaller than those in the previous
examples for the AUSE study area. This is because a higher number of cores involved in
the modelling process penetrated all units and reached the Mit Ghamr Formation, so the
nal model of the pre-delta surface should be more accurate than in the models of the
AUSE study area.

The modelled palaeotopography of this pre-delta surface (Fig. 6.34) is very uneven,
with highs in the southeast and northwest separated by a signicant low. Above this
surface the sediments of the Bilqas 2 Member lie such that they blanket much of the
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Figure 6.25: MUWDS: Locations of cores used.
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Figure 6.26: MUWDS: Locations of cores containing the Mit Ghamr Formation.
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Figure 6.27: MUWDS: Locations of cores containing the Bilqas 2 Member.
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Figure 6.28: MUWDS: Top surface of the Mit Ghamr Formation (Low-res model).
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Figure 6.29: MUWDS: Top surface of the Mit Ghamr Formation (High-res model).
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Figure 6.30: MUWDS: Top surface of the Bilqas 2 Member (Low-res model).
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Figure 6.31: MUWDS: Top surface of the Bilqas 2 Member (High-res model).
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Figure 6.33: MUWDS: Discrepancy between the SoME of the Mit Ghamr Formation

and the High-res model of its top surface.
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Figure 6.34: MUWDS: Hybrid pre-delta topography made up of the Mit Ghamr and

Geziracover Formations.

Chapter 6 : Three-dimensional architecture of the Lower Holocene deposits

(
!

Legend

(
!

(
!

!!
(
(
Bilqas2
N

(
!

Y

Bilqas 2 Top

(
!

masl

(
!

< -4.5
-4.5 - -4
-4 - -3.5
-3.5 - -3

(
!

-3 - -2.5

(
!

-2.5 - -2

(
!
(
!
(
!
(
(
!
(
!
!!
(
(
!
(
!
(
!

-2 - -1.5
-1.5 - -1
-1 - -0.5

(
!

(
!

-0.5 - 0
0 - 0.5
0.5 - 1
1 - 1.5

±

0 1.25 2.5

Figure 6.35:

5 Kilometers

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar
Geographics, CNES/Airbus DS, USDA, USGS, AEX,
Getmapping, Aerogrid, IGN, IGP, swisstopo, and the
GIS User Community

MUWDS: Bilqas 2 top surface re-clipped using hybrid models of lower
units.
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lower surface (Figs. 6.35 & 6.36), with only the highest point of the palaeotopography in
the western part of the area protruding through. Thus in this area it can clearly be seen
that at their maximum extent the LSC landscapes represented by the Bilqas 2 Member
must have covered a very large portion of this area; there was only one sandy hill left
protruding above the swampy landscape. This is in contrast to the situation in the
southern area of the AUSE project, where the sandy hills covered a much greater extent
of the palaeo-landscape, and the swamps of the Bilqas 2 Member were less dominant
features of the environment.

These sediments of the Bilqas 2 Member generally persist downwards of some 36m,
below an elevation of 0.5 to -2.5masl, although their top surface is highly undulating.
This surface occurs at particularly shallow depths in the centre of the modelled area,
above some of the deepest areas of the pre-delta topography. The reason why this
surface is undulating is not known: perhaps the Bilqas 2 / Bilqas 1 transition was highly
diachronous across the area, or perhaps some sediments have undergone a higher degree
of compaction than others. The undulating nature of the surface does not appear to be
an error based on inaccurate elevation entries, as the boreholes in the area where it
appears at shallow depths are assigned a high level of condence in their elevation
estimates. It could plausibly be related to the local low in the pre-delta topography, in
that perhaps swamps persisted for longer (and thus to shallower modern-day depths) in
this region where they would have presumably been most extensively developed. Either
way, in this area aggradation has occurred such that today all the ancient relief is buried.

6.3.4

Remodelling of cores of the Buto Regional Survey

This model includes all 97 cores entered into the database that had been undertaken
within the Buto Regional Survey (Andres and Wunderlich, 1986; Hartung, 2008;
Hartung et al., 2007; Schiestl, 2012b, 2010; Schiestl and Ginau, 2015; Schiestl et al.,
2014; von der Way, 1997, p. 42; Wunderlich, 1993, 1989, 1988; Wunderlich and Andres,
1991; Wunderlich et al., 1989). The stratigraphy table was set up with the Mit Ghamr,
Geziracover, Bilqas 2, Bilqas 1 and Modern Aeolian units.

As can be seen from Figs. 6.37, 6.38 and 6.39, the arrangement of data points is fairly
even. The Densify tool was not used as even through the data were arranged in
transects, in general these transects were arranged north-south rather than east-west,
and thus were parallel to rather than perpendicular to the prevailing geomorphic trend.
There was no need to use the Decluster tool as the data were distributed fairly evenly
across the area. The XY node spacings selected of 1132m and 378m are consistent with
an estimated horizontal error in the borehole records of <±125m. Figs. 6.40 and 6.41
show that the high-resolution and low-resolution outputs of the Mit Ghamr surface are
very similar; although Figs. 6.42 and 6.43 show that the high-resolution model of the
Bilqas 2 top surface has an artefact introduced in the south-west, and there is also a
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Table 6.4: Parameters of the BRS lithostratigraphic model.

Parameter

Values

No. of borehole records used

95

Minimum average distance

1133m

Borehole location accuracy

20x High; 73x Medium; 2x Low

Vertical accuracy in records

83x High; 5 Medium; 7x Low

Modelled area (X x Y)

15.5 x 22.5 km

Z node spacing

0.3m

Densify (Y/N)

N

Baseplate

-10masl

Maximum Search Radius

8km

Distance increment & tolerance

1132m & 566m

XY node spacing

1132m

Decluster (Y/N & #cells)

N & N/A

Distance increment & tolerance

378m & 189m

XY node spacing

378m

Decluster (Y/N & #cells)

N & N/A

small instance of the unit bleeding perhaps too far into the south-east. Edge eects are
obvious in the northeast.
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Figure 6.37: BRS: Locations of cores used.

Fig. 6.45 shows that the issue of the Mit Ghamr surface being articially elevated is
fairly minor, because many cores of this survey penetrated the full stratigraphy of the
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Figure 6.38: BRS: Locations of cores containing the Mit Ghamr Formation.
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Figure 6.39: BRS: Locations of cores containing the Bilqas 2 Member.
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Figure 6.40: BRS: Top surface of the Mit Ghamr Formation (Low-res model).
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Figure 6.41: BRS: Top surface of the Mit Ghamr Formation (High-res model).
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Figure 6.42: BRS: Top surface of the Bilqas 2 Member (Low-res model).
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Figure 6.43: BRS: Top surface of the Bilqas 2 Member (High-res model).
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area down to the Mit Ghamr Formation. It is only towards in the north where the cores
did not encounter the full stratigraphy that there are problems with the original surfaces.
Even so, hybrid models representing the best estimates of the Mit Ghamr and
Geziracover top surfaces were still created and used to clip the top surfaces of units
higher up in the stratigraphy table such as the Bilqas 2 top surface to produce a more
accurate map of the distribution of Bilqas 2 sediments (Fig. 6.47)  a model which is
only very marginally dierent from the original surface (Fig. 6.43). The pre-delta
topography, a combination of the Mit Ghamr and Geziracover Formations in this area, is
displayed as Fig. 6.46.
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Figure 6.44: BRS: Surface of Maximum Elevation (SoME) of the Mit Ghamr Forma-

tion.

These models agree well with the cross sections of Wunderlich (1989, 1988)  see Fig. 3.5
 showing a local slight rise of the Mit Ghamr formation to the south, on top of which is
situated a large deposit of the Geziracover Formation (developed at its highest
underneath Buto). To the north, where the underlying units slope downwards (Fig.
6.46) lies an expanse of the Bilqas 2 Member, existing in areas where the pre-delta
topography is below some -4masl, once again suggesting that the Bilqas 2 Member is
being deposited in local depressions. Again, the early mid-Holocene landscape that is
suggested is of areas of extensive swamps surrounded by sandier hills. The top of the
Bilqas 2 surface is not totally even, but appears to slope downwards to the north and
west; being higher in the south and east by up to 3m  as can be seen from Figs. 6.47
and 6.48. It is deeper where the deposits are composed of thickly developed peat, and
shallower where the sediments are humic but more clastic, a situation which led
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Figure 6.45: BRS: Discrepancy between the SoME of the Mit Ghamr Formation and

the High-res model of its top surface.
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BRS: Hybrid pre-delta topography made up of the Mit Ghamr and
Geziracover Formations.
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Figure 6.47: BRS: Bilqas 2 top surface re-clipped using hybrid models of lower units.
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Figure 6.48: BRS: Bilqas 2 top surface re-clipped using hybrid models of lower units

(below surface).
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Wunderlich (1989, p. 109) to suggest that its deepening was due to autocompaction.
The top of the Bilqas 2 unit is thus developed today between 3 and 6m below sea-level
(broadly 57m under the surface), but the higher elevations are more likely
representative of the pre-compaction distribution of the unit.

6.3.5

Remodelling of cores of the Western Delta Landscape Project

This model was run in the far western portion of the delta, by the desert edge, in the
location of the survey of the Western Delta Landscape Project. The model included
forty-six of the hand augers of the Western Delta Landscape Project (Trampier, 2014),
eleven cores from Kom Firin (Spencer, 2007; Hughes, 2008), as well as one of the cores of
Said (1981) which lies within in the area considered. Further augers of the Western Delta
Landscape Project at Kom el-Hisn and Kom el-Abqain were excluded, as they are
located signicantly further to the east and west respectively. None of the cores was
found to encounter sediments of the Bilqas 2 Member, nor the Geziracover Formation,
Coastal Member or Transgressive Sand Formation. As such, the stratigraphy table
incorporated only the Modern Aeolian, Bilqas 1/2 (undivided) and Mit Ghamr units.
As can be seen on Fig. 6.49, the cores of this model are mostly arranged in a series of
transects perpendicular to the prevailing drainage, although at Kom Firin (in the eastern
part of the model) the cores are arranged less collinearly. Many cores encountered the
Mit Ghamr Formation (Fig. 6.50). The Densify tool was used to help ll in the areas
between the transects; the Decluster tool was not necessary. Models were run at spatial
resolutions of 534m and 178m: resolutions consistent with the degrees of horizontal
accuracy in the borehole records. A vertical node spacing of 0.5m was selected, being the
estimated average uncertainty in the vertical dimension. Figs. 6.51 & 6.52 show that
artefacts are potentially being introduced in the extreme northeast when the models are
run at higher resolution.
Figs. 6.53 & 6.54 indicate once again that there are areas where the modelling process
has articially elevated the surface of the Mit Ghamr Formation; this is xed in Figs.
6.55 & 6.56, which together comprise the nal models of the elevation of the Mit Ghamr
surface in this area.
In this area, the modelling process has not worked particularly well. Extra turtlebacks
have been created where satellite imagery shows there to be none (Fig. 6.56). These
have probably been caused by the Densify tool in combination with data being biased
towards the archaeological sites (which are often at slightly higher elevation than their
surroundings). However, Kom Firin  the largest turtleback in the area  is not
particularly well represented by the model in the east. This is probably because only one
core was input from the turtleback itself while others were located within nearby
palaeo-river channels (Spencer, 2007), and the data are therefore more biased towards
these. In the extreme south and west the model is also not particularly realistic, as in
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Table 6.5: Parameters of the WDLP lithostratigraphic model.

Parameter

Values

No. of borehole records used

58

Minimum average distance

535m

Borehole location accuracy

57x High; 1x Medium

Vertical accuracy in records

12x High; 46x Medium

Modelled area (X x Y)

7.9 x 9.2km

Z node spacing

0.5m

Densify (Y/N)

Y

Baseplate

-5.75masl

Maximum Search Radius

8km

Distance increment & tolerance

534 & 267m

XY node spacing

534m

Decluster (Y/N & #cells)

N & N/A

Distance increment & tolerance

178 & 89m

XY node spacing

178m

Decluster (Y/N & #cells)

N & N/A
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swisstopo, and the GIS User Community

Figure 6.49: WDLP: Locations of cores used.
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Figure 6.50: WDLP: Locations of cores containing the Mit Ghamr Formation.
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Figure 6.51: WDLP: Top surface of the Mit Ghamr Formation (Low-res model).
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Figure 6.52: WDLP: Top surface of the Mit Ghamr Formation (High-res model).
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Figure 6.53: WDLP: Surface of Maximum Elevation (SoME) of the Mit Ghamr For-

mation.
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Figure 6.54: WDLP: Discrepancy between the SoME of the Mit Ghamr Formation and

the High-res model of its top surface.
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Figure 6.55: WDLP: Hybrid pre-delta topography of the Mit Ghamr Formation.
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WDLP: Hybrid pre-delta topography of the Mit Ghamr Formation
(below surface).
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this area the oodplain gives way to the desert edge, and deposits likely exist that are
not those of the Bilqas or Mit Ghamr Formations but older deposits not contained within
the stratigraphy table. It is therefore inappropriate to draw any major conclusions from
these models: it would be necessary to collect more data from the hinterland to inform
the model beforehand. However, if any tentative inferences were to be drawn, there is a
possible hint of a SE-NW trending ridge in the underlying pre-delta topography in the
central-north part of the region. This could have formed a barrier separating regions of
palaeo-drainage (Fig. 6.57), as suggested by Trampier (2014).

6.3.6

Remodelling of cores in the vicinity of Sais

The models around Sais included all those cores that were undertaken within a
reasonable vicinity of the ancient site. All these cores were undertaken by Penelope
Wilson (Wilson, 2007; Wilson et al., 2014; Wilson, pers. comm.) and El-Shahat et al.
(2005). The stratigraphy table for this model was set up only with the Modern Aeolian,
Bilqas 1, Bilqas 2 & Mit Ghamr units; the very small number of boreholes which were
recorded as having encountered the Geziracover Formation were relabelled as having
encountered the Mit Ghamr Formation for the purposes of this model only, thus the
pre-delta topography here is represented by the Mit Ghamr Formation.
There was no need for the Densify or Decluster tools as the data are distributed fairly
well and evenly across the entire area. Furthermore, Figs. 6.60 & 6.59 show that the
distribution of cores which encountered Mit Ghamr sediments as well as Bilqas 2 sedients
are both good. All boreholes are located at a high level of condence, thus the XY
node spacings selected of 170m and 56m are appropriate. Models run at dierent
resolutions are very similar (Figs. 6.61, 6.62, 6.63, 6.64) indicating that artefacts are not
being introduced at closer XY node spacing. Once again, however, the fact that many
boreholes do not penetrate the Mit Ghamr formation leads to some problems in the
interpolation of its top surface (Figs. 6.65 & 6.66). These problems are localised in the
main to three areas: the Great Pit of Sa el-Hagar in the centre (Wilson, 2006b), the
extreme north, and the extreme southeast. When these areas are xed in the same way
as those previous a more accurate map of the undulating pre-delta topography of the
Mit Ghamr Formation is produced (Fig. 6.67). This is again used to truncate the
unclipped Bilqas 2 surface, producing a very dierent  and more accurate 
distribution of Bilqas 2 sediments as shown in Fig. 6.68.
The hybrid model of the Mit Ghamr surface (Fig. 6.67) naturally agrees with
smaller-scale ones produced by El-Shahat et al. (2005) and Ghazala et al. (2005) (which
are driven by less data) but is at signicantly higher detail, and should be very useful in
placing Sais in its local environmental context more exactly.
The Bilqas 2 unit displays a fairly at top surface (Figs. 6.68 & 6.69), suggesting it was
replaced by the Bilqas 1 Member in a synchronous fashion. There is one area in which

Chapter 6 : Three-dimensional architecture of the Lower Holocene deposits

Table 6.6: Parameters of the Sais lithostratigraphic model.

Parameter

Values

No. of borehole records used

209

Minimum average distance

171m

Borehole location accuracy

209x High

Vertical accuracy in records

146x High; 63x Medium

Modelled area (X x Y)

2.5 x 4km

Z node spacing

0.5m

Densify (Y/N)

N

Baseplate

-6masl

Maximum Search Radius

8km

Distance increment & tolerance

170 & 85m

XY node spacing

170m

Decluster (Y/N & #cells)

N & N/A

Distance increment & tolerance

56 & 38m

XY node spacing

56m

Decluster (Y/N & #cells)

N & N/A
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swisstopo, and the GIS User Community

Figure 6.58: Sais: Locations of cores used.
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Figure 6.59: Sais: Locations of cores containing the Mit Ghamr Formation.
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Figure 6.60: Sais: Locations of cores containing the Bilqas 2 Member.
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Figure 6.61: Sais: Top surface of the Mit Ghamr Formation (Low-res model).
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Figure 6.62: Sais: Top surface of the Mit Ghamr Formation (High-res model).
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Figure 6.63: Sais: Top surface of the Bilqas 2 Member (Low-res model).
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Figure 6.64: Sais: Top surface of the Bilqas 2 Member (High-res model).
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Figure 6.65: Sais: Surface of Maximum Elevation (SoME) of the Mit Ghamr Formation.
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Figure 6.66: Sais: Discrepancy between the SoME of the Mit Ghamr Formation and

the High-res model of its top surface.
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Figure 6.67: Sais: Hybrid pre-delta topography of the Mit Ghamr Formation.
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Figure 6.68: Sais: Bilqas 2 top surface re-clipped using hybrid models of lower units.
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Figure 6.69: Sais: Bilqas 2 top surface re-clipped using hybrid models of lower units

(below surface).

the Bilqas 2 top surface appears uneven, where it dips down into the large depression of
the Mit Ghamr formation in the north, although this is almost certainly due to the fact
that the cores in this area have a signicantly higher proportion of organic matter
contained within their sediments (Wilson, 2006b,a) and have thus undergone a higher
degree of compaction than in other places.

The Bilqas 2 Member is once again not seen in areas where the Mit Ghamr formation is
above a certain level (here -0.5 to -1masl, approx. 4.57.5m below the present-day
surface), showing once again that it existed in topographic depressions between the
higher sand bodies, which presumably lay above the ood height at this time. At their
maximum extent, the swamps and anastomosing rivercourses of the LSC landscape
covered approximately half of the area modelled, with areas of higher elevation
protruding in more isolated locations.

6.3.7

A unied deposit model for the uvial Nile Delta

Having undertaken modelling at a regional scale, the entire uvial region of the Nile
Delta can now be modelled. This model uses all cores of the database set up in chapter
5.2 and uses a stratigraphy table set up with all seven stratigraphic units of the
database. The horizontal node spacings selected of 2096m and 698m are compatible with
the degree of horizontal accuracy in the borehole records; a vertical node spacing of 0.5m
was chosen as the vast majority of boreholes' elevations are accurate to this degree or
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greater. Maps showing the positions of boreholes which encountered the Mit Ghamr and
Bilqas 2 units are shown in Figs. 6.70 & 6.71.
Models run at dierent resolutions (Figs. 6.72, 6.73, 6.74, 6.75) are very similar, with
artefacts introduced in general only at the very edges of the models. The fact that many
boreholes did not penetrate the full stratigraphy once again necessitates the production
of hybrid models for the lower units, as indicated by Fig. 6.76. Figs. 6.77 and 6.78
display the nal pre-delta stratigraphy for the whole area, which is used to truncate
the Bilqas 2 unit to produce maps showing its nal distribution across the delta (Figs.
6.79 and 6.80). For this model only, an error surface is also produced (Fig. 6.81), which
is created by modelling the weighted average error estimate (section 5.3.4) across the
delta as if it were a topographic surface. Contours extracted from this surface were then
used to sequentially fade areas of Fig. 6.78 to visually show those areas of the model of
higher and lower condence (Fig. 6.82).
It can clearly be seen that the hybridisation of the original models with the SoME has
produced signicant changes in the pre-delta topography along the coastal margin and
in the northeastern part of the delta, where high rates of subsidence have meant that
many boreholes drilled did not reach the lowermost deposits (Stanley, 1990). The
resulting maps of the pre-delta topography (Figs. 6.77, 6.78 & 6.82) once again show
an undulating surface, with potential hints of river valleys between areas of higher
palaeo-elevation, although not at a resolution good enough for any rm conclusions to be
drawn. They also show the existence of the tectonic hinge-line in the far north of the
delta, which can be seen where the depth to the deposits increases signicantly. There
appears to be a dierence between the character of the (south)eastern delta, where the
pre-delta topography is buried at only shallow depths, and the northern, central and
western delta, where in general it is buried much deeper, an observation which will be
returned to and discussed in the following chapter.
The modelling of the top surface of the Bilqas 2 Member (Figs. 6.79 and 6.80) shows
that it appears at very dierent depths across the delta. However, these models appear
to suer greatly from the poor distribution of cores which contain the unit (Fig. 6.71),
and contain what appear to be major artefacts. As such, these models are not felt to be
particularly informative on the delta-wide variability of the unit.
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Table 6.7: Parameters of the Nile Delta lithostratigraphic model.

Parameter
No. of borehole records used

1640

Minimum average distance

1990m

Borehole location accuracy

593 High; 554 Medium; 493 Low

Vertical accuracy in records

1192 High; 275 Medium; 173 Low

Modelled area (X x Y)

290 x 176km

Z node spacing

0.5m

Densify (Y/N)

Y

Baseplate

-50masl

Maximum Search Radius

8km

Distance increment & tolerance

1990 & 995m

XY node spacing

1990m

Decluster (Y/N & #cells)

Y & 145

Distance increment & tolerance

664 & 332m

XY node spacing

664m

Decluster (Y/N & #cells)

Y & 436
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Figure 6.70: Locations of cores containing the Mit Ghamr Formation.
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Figure 6.71: Locations of cores containing the Bilqas 2 Member.
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Figure 6.72: Top surface of the Mit Ghamr Formation (Low-res model).
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Figure 6.73: Top surface of the Mit Ghamr Formation (High-res model).
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Figure 6.74: Top surface of the Bilqas 2 Member (Low-res model).

Chapter 6 : Three-dimensional architecture of the Lower Holocene deposits

188

Bilqas 2 Top
masl

-11 - -6
-6 - -5.5
-5.5 - -5
-5 - -4.5
-4.5 - -4
-4 - -3.5
-3.5 - -3
-3 - -2.5
-2.5 - -2

±

-2 - -1.5
-1.5 - -1
-1 - -0.5
-0.5 - 0
0 - 0.5
0.5 - 1

0

15

30

1 - 1.5

60 Kilometers

1.5 - 2
2 - 2.5
2.5 - 3
3 - 3.5
3.5 - 4

Figure 6.75: Top surface of the Bilqas 2 Member (High-res model).
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Figure 6.77: Hybrid pre-delta topography made up of the Mit Ghamr and Geziracover

Formations.
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Figure 6.78: Hybrid pre-delta topography made up of the Mit Ghamr and Geziracover

Formations (below surface).
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Figure 6.79: Bilqas 2 top surface re-clipped using hybrid models of lower units.
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Figure 6.80: Bilqas 2 top surface re-clipped using hybrid models of lower units (below

surface).
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Figure 6.81: Distribution of the average weighted error across the delta. Values closer
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Figure 6.82: Fig. 6.78 faded sequentially using the error contours of Fig. 6.81.
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Discussion

The modelling process has been demonstrated to be valid through its good agreement in
many areas with the conclusions of the previous landscape studies. The paths of
palaeo-rivers mapped by the AUSE study, for instance, match up well with the local
depressions in the Mit Ghamr Formation interpolated in the current modelling; the 3D
stratigraphic models around Buto are in full agreement with previous conclusions
(Wunderlich, 1989, 1988); as are the deposits at Sais (El-Shahat et al., 2005; Ghazala

et al., 2005). The modelling process has also been demonstrated to work well over a
range of spatial scales. The process works signicantly better when a majority of cores
penetrate the Mit Ghamr Formation, so that the SoME is in better agreement with the
original interpolations of the top surfaces (such as in the areas of the BRS, MUWDS,
and across the delta as a whole). In cases where many boreholes do not encounter the
Mit Ghamr Formation, the hybridisation of the SoME with the original surfaces is also
seen to produce good results when data coverage is very good (at Sais for instance), but
produces less geologically meaningful results were the data are arranged in widely-spaced
transects necessitating use of the Densify tool (AUSE North in particular). The
modelling process also does not appear to work well in the case of a few widely spaced
data clusters (the top surface of the Bilqas 2 Member across the whole delta). The
modelling process did not work at all well in the region of the Western Delta Landscape
Project due to the input data being too too highly biased towards small archaeological
sites within the region. Given this input data, the modelling process naturally found it
dicult to interpolate the regional geology. In all cases, some artefacts and problems do
occur, especially at the edges of the modelled areas.

Both together and individually, however, the models paint a picture of a highly
undulating pre-delta surface composed of the Mit Ghamr Formation and the
Geziracover Formation, within the depressions of which were deposited the Lower
Holocene deposits of the Bilqas 2 Member, forming extensive low relief areas of swamps
and wetlands characteristic of the LSC landscape. Rising out of these wetlands lay
better-drained small sandy hills at higher elevations  remnants of the pre-delta
topography. In the eastern delta area of the AUSE project the depressions and thus the
extent of the Bilqas 2 Member were localised to relatively limited areas, with extensive
areas of the palaeo-landscapes represented by sandy hills at higher elevations. In other
areas, however (MUWDS, BRS, Sais) it appears that much more of the palaeolandscape
was covered by the LSC environment. These regional dierences may be simply due to
the fact that the AUSE project is closer to the margin of the delta than the others, and
thus this area historically hosted better drained landscapes; or they may be as a result of
more major dierences between the subsidence and aggradation histories of the eastern
and western regions of the delta, as potentially suggested by the very dierent depths to
the pre-delta topography in the eastern and western delta (on Fig. 6.78  discussed in
the next chapter in section 7.1).
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The models of the whole delta hint at the locations of potential valleys and thus the
possible locations of palaeo-river courses, although the lack of continuity of these valleys
(probably as a result of the relatively large node spacing of 666m), coupled with low
coring densities in many areas, render them only speculative rather then denitive; the
delta-wide models are really only suitable for looking at broad trends in the subsurface
topography. At a more local scale, however, drainage patterns are more obvious (the
results of the AUSE project and WDLP).
In dierent areas, the Bilqas 2  Bilqas 1 contact (the LSC-Meandering Transition) is
seen at dierent depths below the surface (33.5m in the AUSE area; 36m in the
MUWDS; 57m in the BRS and 4.57.5m at Sais). This variability could relate to a
number of factors: erosion; variable subsidence, aggradation history or compaction; or
regional diachroneity in the transition. It is probably not signicantly related to erosion
since even though some surveys (AUSE in particular) interpreted an unconformity at the
contact, at the local scale the contact is subhorizontal, suggesting that it is not
3

substantially erosional. Neither is it likely related to autocompaction , since major
dierences in lithology are not seen at these large scales across the delta. Across these
larger scales there may therefore be broader trends in regional aggradation and
subsidence history which could have caused the variable depth to the contact (explored
in the following chapter), but there is almost certainly also an element of regional
diachroneity to the transition.

6.5

Conclusions

Overall, therefore, the models produced in this chapter have succeeded in showing that
the nature of the early Holocene landscapes of the Nile Delta comprised a mosaic of
swamps and wetlands surrounding areas of higher elevation. The extents of these areas
of higher elevation were substantially dierent in dierent areas of the delta.
Unfortunately the models are too coarse to suggest regional patterns of drainage,
although at a more local scale this has been able to be accomplished where the data
allow. The variable depth to the top of the Bilqas 2 Member points towards a regionally
diachronous Bilqas 2  Bilqas 1 transition and may also suggest some regional variability
in the delta's subsidence history.
The next and nal chapter in this section of the thesis integrates the 3D
lithostratigraphic modelling accomplished here with chronostratigraphic data in order to
investigate the delta's Holocene evolution and the changing distributions of dierent
environments through time.

3

Autocompaction does appear to have a more substantial eect at a local scale, however, since within

individual surveys the top of the Bilqas 2 unit usually appears to exist at greater depths in areas where
the underlying deposits are more organic-rich.

Chapter 7

The uvial evolution of the Holocene
Nile Delta
The nal section of this part of the thesis integrates the lithostratigraphic data contained
within the database developed in chapter 5 and explored in the models of chapter 6 with
the available chronostratigraphic data from the region, in order to investigate the
four-dimensional evolution of the Nile Delta, not simply its three-dimensional geological
structure. Section 7.1 surveys the available chronostratigraphic data and discusses the
spatially variable aggradation history of the uvial zone, while section 7.2 integrates this
chronostratigraphic dataset with the lithostratigraphic information of the preceding
chapters in order to reveal the uvial evolution of the Holocene delta through time.

7.1
7.1.1

Chronological controls and aggradation history
An age-depth model for the uvial zone

In order to understand the aggradation history of the uvial zone of the Nile Delta it is
necessary to bring together all the available chronostratigraphic information that is
known from the Holocene deposits. Unfortunately, there are only a small number of
radiocarbon and OSL dates that have been published from stratied geological contexts
in this region. Other relevant chronological information arises from the presence of
identiable ceramic material within well-correlated and understood lithostratigraphic
horizons within the oodplain. In the coastal zone there are many more data, which
have been collected mainly by the MEDIBA survey and by Flaux (2012); these dates are
discussed at length in other publications (Stanley, 1990; Stanley and Clemente, 2014;
Stanley and Goodfriend, 1997). However, due to the dierent aggradation and
subsidence history of this coastal area, as a result of the presence of a tectonic hinge line
(Stanley and Warne, 1993a), they are of little relevance for the current thesis.
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Table D.1 in appendix D presents the available chronostratigraphic information from
within cores in the uvial zone (96 records in total). From this table, all the data that
originate from sediments belonging to the Bilqas Formation, and which therefore record
the aggradation history of the most recent Holocene conformable sequence (91 points) are
then plotted as an age-depth diagram (Fig. 7.1) and a probability density plot (Fig. 7.2).
The ve points excluded from Table D.1 in these diagrams comprise dates from cores
AV02AV54 (Tronchère et al., 2012) and D46 (Andres and Wunderlich, 1992) since these
dates originated form the Geziracover and Mit Ghamr Formations, and core AUSE4
(de Wit, 1993), since this date had no depth associated with it and could not be plotted.
However, some of this information is still not truly relevant for understanding the
aggradation history of the oodplain. Four dates from cores P02, P04, P08 and P51 at
Buto (Wunderlich et al., 1989) come from deposits that are extremely peaty, and which
Figs. 6.48 & 6.47 in the previous chapter suggest could have undergone substantial
compaction since deposition. These dates would therefore suggest artically elevated
aggradation rates. Two further dates from core D22 (Andres and Wunderlich, 1992)
originated from within an abandoned channel, rather than from within stratied
oodplain facies, and so would have been emplaced lower than the surrounding ground
surface at the time of deposition (and so would also indicate articially elevated
aggradation rates). Finally, fourteen dates from cores S44 and S7 of the MEDIBA survey
(Stanley et al., 1996) age upwards, indicating either bioturbation, old wood being used
for dating, roots being used rather than above-ground plant material, or some
combination of these.
A nal subset of the data, ignoring those dates from these cores P02, P04, P08, P51,
D22, S44 and S7, and thus comprising only those data which are deemed useful for
estimating an aggradation history for the Holocene Nile Delta oodplain (71 points) is
therefore plotted spatially as Fig. 7.3. These data were then used to create age-depth
models for the entire uvial zone of the delta (Fig. 7.4). In order to establish whether
dierent areas of the delta had experienced dierent aggradation histories, data were
considered in six regional spatial groupings: North-East, North-Central,
North-West, East, Central and West. Three straight-line interpolated age-depth
models were tted to each regional grouping of the data: maximum-depth models were
created from the sets of line segments corresponding to the slowest aggradation rates for
each location; similarly medium-depth and minimum-depth models were created.
To explore whether spatial variation in aggradation rates could be related to patterns of
regional faulting, the depths and ages of the deposits were next plotted against both
latitude and longitude (Fig. 7.5). Given that regional faulting systems trend EW
(section 3.1), a latitudinal variation in aggradation rates could indicate some degree of
tectonic control. Longitudinal variations in aggradation rates would suggest a dierent
set of factors controlling variability in aggradation rates. On these diagrams, if there
were no latitudinal or longitudinal gradient in aggradation rates, points of equal age
(same size) would tend to be the same depth and lie horizontally. If there were a
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gradient, points of equal age (size) would lie along a diagonal.
From these gures, a number of observations can be made on the temporal and the
spatio-temporal patterns in the implied aggradation rates. Aggradation rates display a
general decreasing trend through time, that correlates with decreasing rates of sea-level
rise. Prior to 40003250 BC, aggradation rates appear to range approximately between
2.412mm/yr; after this time they are lower, generally between c. 0.51.5mm/yr (Figs.
7.1, 7.4). This trend closely follows the sea-level curve, although with a slight lag: the
inexion point in sea-level rise appears to occur around the middle of the fth
millennium BC, while aggradation rates decrease some 750 years later. The data from
the western delta potentially suggest a slightly more complex history, with slow rates of
aggradation after c. 50003250 BC (similarly to the rest of the delta), but this appears
to be then followed by a short period of rapid aggradation in the rst millennium BC.
The probability density plot (Fig. 7.2) shows that there are more dates from early
periods (c. 50002000 BC) than later periods. To some extent this may reect an
increased potential for preservation of suitable material for radiocarbon dating within
the environments of the Bilqas 2 Member compared to the Bilqas 1 Member.
There is no latitudinal variation in the data, as indicated by Fig. 7.5: points of equal size
(equal age) lie along the horizontal. However, there appears to be a longitudinal
variation in aggradation rate. Deposits of similar age are buried approximately 12m
deeper in the west and north-west regions of the uvial zone than in the east and
north-east: the west has experienced faster aggradation than the east. Such a trend is
also suggested by i) the modern-day delta topography of the delta: turtle-backs are
exposed in the east, but not in the west (where they may have subsided), and ii) the
map of the pre-delta topography in the previous chapter (sections 6.3.7, 6.4).

7.1.2

Controls on aggradation history

The fact that aggradation rates decrease through time following the sea-level curve is a
strong indication that they are controlled predominantly by downstream factors. The c.
750 year lag may be real, or it may be an artefact as a result of the sea-level curve
displayed being that from Israel, and may not be locally exact for Egypt (no reliable
Holocene sea-level curves have ever been constructed for Egypt). Other potential
controls are discussed below in section 7.3. The more complex aggradation history of the
western delta, with seemingly rapid aggradation rates in the rst milllennium BC may
be real, or may be an artefact. The two dates that suggest this later period of rapid
aggradation come Kom Geif and the MUWDS, both of which are contexts on the banks
of the Canopic branch of the Nile, and could therefore possibly be biased due to the
proximal presence of the river channel until the end of the rst millennium AD
(Pennington and Thomas, 2016; see also chapter 4).
The lack of any detectable latitudinal variation in aggradation rate (Fig. 7.5) suggests
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that the eect of regional east-west faulting patterns on the spatial variation of Holocene
aggradation rates is negligible. It further provides proof that any tectonic hinge-line of
high rates of subsidence (Stanley and Warne, 1993a) lies further to the north than the
data considered.

However, the longitudinal variation in aggradation rate, and the concomitant burying of
deposits at deeper depths in the west could be caused by a variety of factors. It could
either result from: i) greater autocompaction and subsidence of the Holocene section in
the west, ii) from an anomalous north-south major fault such as the Pelusium line,
iii) from an increased amount of original accommodation space, or iv) from a deeper
control: dierential autocompaction of earlier deposits or even longer-wavelength
patterns of lithospheric exure. Of these, it is highly unlikely to be caused by
autocompaction within the Holocene deposits, since it is not just the Holocene sediments
that are buried at dierent depths: the increased burial of the underlying pre-delta
topography and turtlebacks (see section 6.3.7) suggests that the subsidence must have
aected the full Quaternary stratigraphy of the delta. It is also probably not due to the
inuence of the Pelusium Line (Said, 1981, p. 56)  a controversial hypothesised
transcontinental fault shear system (Neev, 1977, 1975), since even studies that support
the existence of this fault system do not place it in a location that could account for the
distribution of turtlebacks (Gamal, 2013). Neither is it likely to be as a result of greater
original accommodation space in the west, since some of the oldest dated deposits of the
Bilqas Formation have been found in the east by the AUSE project; if the western delta
were at a lower elevation than the east during the early mid-Holocene then onlap of the
Bilqas Formation in the east would have been a later phenomenon. It is therefore more
likely a result of a deep control such as dierential autocompaction within the full
Quaternary or Cenozoic sequence, or longer wavelength patterns of lithospheric exure.

Overall, therefore, it appears that aggradation rates in the uvial part of the delta have

31.50
31.5
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been spatially and temporally inhomogeneous. They were higher earlier in the Holocene,
and lower in the later Holocene with an inexion point around 40003250 BC. It is
highly likely that this decrease was forced by decreasing rates of sea-level rise. There is
no latitudinal variation in aggradation rate, suggesting that regional faulting has not
substantially contributed to spatial variation in deposition rates over the past c. 8000
years. However, it appears that deposits in the western delta are buried very slightly
deeper (12m) than those in the east, a pattern which is opposite to that further north
in the coastal zone, where the largest area of high rates of subsidence is in the east
(Stanley, 1990, 1988; Stanley and Warne, 1997). It is not known what this variation
could be caused by, but it is unlikely to be related to the original amount of
accommodation space, dierential autocompaction and subsidence within the Holocene
section, or regional faulting. It may be due to longer-wavelength patterns of lithospheric
exure or autocompaction within deeper stratigraphy.

7.2

The uvial evolution of the Holocene Nile Delta

This section integrates the chronostratigraphic data discussed above in section 7.1 with
the lithostratigraphic information and stratigraphic models of previous chapters in order
to produce a nal four-dimensional model for the Holocene landscape evolution of the
delta.

7.2.1

Methodology

In order to create a four-dimensional landscape model for the Holocene evolution of the
Nile Delta, both the changing spatial extents of the main sedimentary units and the
aggradation history of the delta oodplain had to be fully modelled in four dimensions.
The resolution of the chronostratigraphic data allowed the production of a series of four
maps documenting this landscape evolution: one at c. 6000 BC, another at c. 55004000
BC, a third at c. 3500 BC, and a nal map at c. 2500 BC. The aim of these maps was to
show the overall, bulk landscape evolution at the regional scale.
The spatial extents of the dierent sedimentary units occupying the uvial delta plain at
these four dierent time periods were initially established through an in-depth analysis of
the data contained within Table D.1 (appendix D), by considering the sedimentary units
in which each date was hosted. Next, the changing environments within the coastal zone
and the dierent positions of the shoreline were overlain onto the maps, copied from
previous syntheses that had summarised the work in this region (Stanley and Warne,
1998, 1993a).
Then, the aggradation history of the uvial sediments was modelled, which allowed for
the mapping of the spatial extents, locations and palaeotopography of turtlebacks  the
remnants of the pre-delta Mit Ghamr or Geziracover Formations protruding above the
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delta plain  at these same four periods in time. In order to do this, the six sets of
location-specic aggradation histories calculated in section 7.1 (displayed on Fig. 7.4)
were used as the basis for the production of a series of spatially variable aggradation
models for the Bilqas Formation. Areas of the Mit Ghamr or Geziracover Formation
(Fig. 6.77) at a greater elevation than this modelled aggrading surface of the Bilqas
Formation in any location at any particular time would thus have been protruding.
Three dierent aggradation models of the Bilqas Formation were created, using the three
dierent age-depth histories (max, mid and min  see section 7.1), and as such,
three sets of dierent landscape-aggradation models were created: Figs. 7.6, 7.7 & 7.8.
On all these gures the extent of the turtlebacks displayed in panel `b' is those mapped
at c. 4500 BC.
After this, further information from the stratigraphic deposit model  the modelled
upper boundary of the Bilqas 2 Formation (Fig. 6.79)  was used to provide information
that could help select the best aggradation history from the three. Since the maximum
spatial extent of sediments of the Bilqas 2 Formation is broadly known from the work in
the preceding chapter, the areas where there are no subsurface Bilqas 2 sediments
present (the holes in Fig. 6.79) must represent the locations of turtlebacks left
protruding above the delta plain surface at the time that Bilqas 2 sedimentation gave
way to deposits of the Bilqas 1 Member in any particular location. Thus, armed with the
knowledge of at what periods Bilqas 2 sedimentation gave way (in a time-transgressive
fashion) to Bilqas 1 deposits in certain areas, analysis of the extents of the turtlebacks
suggsted by Fig. 6.79 and comparison with those suggested by Figs. 7.6, 7.7, & 7.8
indicates that the max and mid depth landscape models are more appropriate than
the min depth model. The best model seems to lie approximately half-way between
these max and mid estimates. As such, a nal age-depth model was created using an
average mid-max depth history, and the resulting landscape model is provided as Fig.
7.9.
Thus to summarise, the total information that is used in the production of the nal
model (Fig. 7.9) is: the spatially variable aggradation history of the delta oodplain
(Fig. 7.4); the knowledge of which sedimentary unit each date was hosted within (Table
D.1); the modelled pre-delta topographic surface upon which the Holocene delta
prograded (composed of the Mit Ghamr & Geziracover Formations and shown on Fig.
6.77); the modelled top surface of the Bilqas 2 Formation (Fig. 6.79), and the changing
distributions of environments in the coastal zone, known from earlier work. An
exhaustive description of the method is provided in appendix E.

7.2.2

Results  landscape synthesis for the Holocene Nile Delta

Based on the information contained in Fig. 7.9, the overall landscape evolution of the
Nile Delta through the mid Holocene can now be summarised. Prior to c. 6000 BC (Fig.
7.9a), the area now covered by the modern delta plain was made up of deposits of the
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Mit Ghamr Formation and Geziracover Formation. Rivers were incising, redepositing
and reworking earlier uvial material, also forming oodplains (Butzer, 2002), with
aeolian deposition of the Geziracover Formation on some topographic highs.
The onset of Bilqas deposition and the inception of the Holocene alluvial delta plain rst
occurred around 6000 BC in the northern part of the delta. Data from the MEDIBA
survey (Stanley et al., 1996: cores S38 and S32) as well as from Minshat Abu Omar
(Andres and Wunderlich, 1991: core D5) show that around 6000 BC deposits of the
Bilqas 2 unit were being laid down in the extreme north of the delta. At approximately
the same time further south rivers were still behaving as before, and the Mit Ghamr and
Geziracover units were still fully exposed at the surface, as shown by an OSL date from
c

Tell ed-Dab a (Tronchère et al., 2012: layer C in core AV02AV54) which comes from
within the Geziracover Formation.
The onset of Bilqas 2 deposition in the central and eastern delta probably came about at
c. 60005500 BC, a date-range constrained by the lowermost date within core S87 of the
MEDIBA survey (Stanley et al., 1996), which shows the initiation of Bilqas 2 deposition
in the central delta at c. 62055665 BC. Nearby core S86 (Stanley et al., 1996) also
corroborates this time-frame, with lowermost dated Bilqas deposits at 56215206 BC.
The lowest AUSE project date (within the Bilqas 2 unit) also points to the onset of
Bilqas deposition at some point earlier than c. 53004800 BC (de Wit, 1993); at Sais
deposition of the Bilqas 2 unit is also initiated before c. 55003900 BC (Wilson, 2006b;
Wilson et al., 2014).
The topography of the delta at this time was moderately undulating, with hills standing
over 5m taller than the oodplain in many locations, especially at the delta fringes (Fig.
7.9a). The shoreline was situated substantially inland relative to its present position,
particularly in the east (Coutellier and Stanley, 1987). Very little is known about the
exact character of the coastal margin at this time, although it is probable that
barrier-beaches were just beginning to form. The near-oshore was dominated by
littoral-zone deposits of the Transgressive Sand Formation (Stanley and Warne, 1993a).
After the onset of Bilqas deposition and until c. 4000 BC it seems that much of the
uvial part of the delta was experiencing deposition of the Bilqas 2 unit, hosting
landscapes characterised by dynamic, anastomosing channel networks and swampy
oodbasin facies of the LSC environment (Fig. 7.9b). Between 55004000 BC there was
extensive peat development of the Bilqas 2 unit at Buto (Wunderlich, 1989), and deposits
of the Bilqas 2 unit were also encountered within some of the MEDIBA cores (Stanley

et al., 1996), as well as at Minshat Abu Omar (Andres and Wunderlich, 1991). The
southernmost extent of the unit is not known, but it was certainly further south than the
AUSE study area, with some cores in the central delta area also suggesting its presence.
To the far south deposits of the Mit Ghamr and Geziracover Formations probably still
cropped out at the surface. Sandy hills still protruded above the oodplain especially
near the delta fringes. The shoreline prograded extensively in the western delta, behind
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which lagoons were developed (Warne and Stanley, 1993b), while marshy wetlands
behind small barrier beaches persisted in the east (Coutellier and Stanley, 1987).
From 4000 to 3500 BC, overall aggradation rates fell (Fig. 7.1), and the uvial landscape
changed dramatically. While Bilqas 2 sediments, corresponding to dynamic, swampy and
marshy environments were still being deposited in the north, deposition of the Bilqas 1
Member appears to have commenced in the central part of the delta (Fig. 7.9c),
characterised by much more extensive, well-drained oodplains, single-channel networks
and less marshy landscapes. The second date from the AUSE project, at some c. 4000
BC, is from within the Bilqas 1 unit (de Wit, 1993); similarly a date within core S86 of
the MEDIBA survey at 39563384 BC (Stanley et al., 1996) could also be from within
the Bilqas 1 unit. This suggests that Bilqas 1 deposition had been initiated by c.
40003500 BC in the central part of the delta.
However, in the north of the delta Bilqas 2 sediments were still being deposited: various
cores at Minshat Abu Omar (Andres and Wunderlich, 1991, 1992) still record Bilqas 2
sedimentation, as does core S9 of the MEDIBA survey and a number of cores at Buto.
The same overall areas of turtlebacks remained, although they were reduced in size
compared to previous time periods. In the coastal area, lagoons persisted in the western
and central regions (Warne and Stanley, 1993a), while across the delta fringe a coastal
barrier-beach system had clearly been established (Arbouille and Stanley, 1991; Stanley

et al., 1992).
By 2500 BC the area of Bilqas 1 deposition had expanded signicantly northwards to
cover most of the delta (Fig. 7.9d); Bilqas 2 sedimentation was extremely localised in the
far north. MEDIBA cores S4, S32, S66, as well as various cores around Buto
(Wunderlich, 1989) show Bilqas 1 sediments being deposited in these areas by this time.
Further radiocarbon dates of the AUSE project also attest to continued deposition of
Bilqas 1 in the eastern delta. However, Bilqas 2 deposition did continue in a number of
limited areas in the extreme north-east and north-west: cores D71 and D4 at Minshat
Abu Omar and MEDIBA cores S55 and S54 to the north of Buto suggest continuing
Bilqas 2 deposition in these locations persisting until at least the mid-second millennium
BC. The previously substantial areas of turtlebacks were now by this time much more
limited in extent: much more of the plain was a level oodplain. This is particularly
evident in the north and west where faster rates of aggradation prevailed than in the
east. The eastern delta was now actively prograding (Coutellier and Stanley, 1987), and
extensive lagoons, marshes and barrier beaches remained the main features of the coastal
zone (Stanley and Warne, 1993a).
There are only two data points that do not t with the narrative presented here. Pottery
from within core P121 near Buto (Wunderlich, 1989) are hosted within the Bilqas 1
Formation yet are of Buto-Maadi typology, suggesting deposition of the Bilqas 1 unit in
this area c. 37503350 BC (see p. 217), which would indicate a slightly earlier date for
the Bilqas 2 / Bilqas 1 transition in this area than c. 3000 BC suggested herein. This

Chapter 7 : The uvial evolution of the Holocene Nile Delta

206

c.6000 BC

a

c. 3500 BC

c

±
0

30

60

Figure 7.6:

120 km

c. 5500 - 4000 BC

b

c. 2500 BC

d

MG/GC protruding >10m

Coastal Marshes

MG/GC protruding 5-10m

Coastal Lagoons

MG/GC protruding 0-5m

Coastal barrier-beaches/Strand plains

Bilqas 1

Sabkhas & carbonate ridges

Bilqas 2

Minimum-depth estimate maps showing the mid-Holocene evolution of

the Nile Delta c. 60002500 BC: a) c. 6000 BC. b) c. 55004000 BC. c) c. 3500 BC. d)
c. 2500 BC.

c.6000 BC

a

c. 3500 BC

c

±
0

30

60

120 km

c. 5500 - 4000 BC

b

c. 2500 BC

d

MG/GC protruding >10m

Coastal Marshes

MG/GC protruding 5-10m

Coastal Lagoons

MG/GC protruding 0-5m

Coastal barrier-beaches/Strand plains

Bilqas 1

Sabkhas & carbonate ridges

Bilqas 2

Figure 7.7: Mid-depth estimate maps showing the mid-Holocene evolution of the Nile

Delta c. 60002500 BC: a) c. 6000 BC. b) c. 55004000 BC. c) c. 3500 BC. d) c. 2500
BC.

Chapter 7 : The uvial evolution of the Holocene Nile Delta
c.6000 BC

a

c

±
0

30

60

120 km

c. 5500 - 4000 BC

b

c. 3500 BC

207

c. 2500 BC

d

MG/GC protruding >10m

Coastal Marshes

MG/GC protruding 5-10m

Coastal Lagoons

MG/GC protruding 0-5m

Coastal barrier-beaches/Strand plains

Bilqas 1

Sabkhas & carbonate ridges

Bilqas 2

Figure 7.8: Maximum-depth estimate maps showing the mid-Holocene evolution of

the Nile Delta c. 60002500 BC: a) c. 6000 BC. b) c. 55004000 BC. c) c. 3500 BC. d)
c. 2500 BC.

c.6000 BC

a

c. 3500 BC

c

±
0

30

60

120 km

c. 5500 - 4000 BC

b

c. 2500 BC

d

MG/GC protruding >10m

Coastal Marshes

MG/GC protruding 5-10m

Coastal Lagoons

MG/GC protruding 0-5m

Coastal barrier-beaches/Strand plains

Bilqas 1

Sabkhas & carbonate ridges

Bilqas 2

Figure 7.9: Final, best estimate maps showing the mid-Holocene evolution of the Nile

Delta c. 60002500 BC: a) c. 6000 BC. b) c. 55004000 BC. c) c. 3500 BC. d) c. 2500
BC.

208

Chapter 7 : The uvial evolution of the Holocene Nile Delta

could be due to earlier pottery having found itself within those layers. However, the
magnitude of the temporal error is only of about 400 years; this could be related to local
spatial variability in the timing of the transitions. More potentially troubling is the fact
that core S32 of the MEDIBA survey, in the north-central delta, suggests a very early
Bilqas 2 / Bilqas 1 transition, around 52004300 BC. However, this date comes from
within an intensely bioturbated region of the core and is thus signicantly less reliable.

In summary, the data support the initiation of Bilqas 2 deposition at c. 6000 BC near
the shoreline. The spatial extent of the unit and its corresponding environments of
swampy oodbasins then expanded upstream until c. 4000 BC, after which it was
replaced by Bilqas 1 sediments and a less swampy landscape from the south. These
environments pushed northwards through the fourth millennium BC. By 2500 BC Bilqas
2 sediments were being deposited in only a limited number of areas; by c. 1500 BC they
had probably disappeared completely, and since then the environments of the Bilqas 1
Member have then dominated to the present day. Turtlebacks  a common landscape
feature in the delta prior to some 4000 BC  gradually diminished in size and became
much more limited in their spatial extent by 2500 BC. In the west, the coastline
prograded towards its current extent from c. 6000 BC, and has broadly approximated its
modern-day position since 4000 BC. In the east, however, an extensive coastal
embayment persisted, and the shoreline prograded here only from c. 3000 BC, reaching
its modern position just in the last two thousand years (Coutellier and Stanley, 1987;
Goodfriend and Stanley, 1999; Moshier and El-Kalani, 2008).

7.2.3

Comparison with previous syntheses

The previous synthesis of Butzer (2002) introduced many ideas of the present study, and
to date still frames the time period considered in this study with the best integrated
discussion of the landscapes of the preceding (before c. 6000 BC) and succeeding (after
c. 2500 BC) time periods. Even the idea that earlier Holocene environments of the
Bilqas 2 facies gave way to later Holocene environments of the Bilqas 1 unit was already
somewhat developed in this synthesis, as mentioned in section 5.1.4, but no mapping of
any of the dierent environments was ever established.

However, Butzer (2002, p. 95; 1976, p. 25; 1974) surmises that the landscapes of the
early delta would have been made up of well-drained landscapes suitable for large-scale
agriculture, with extensive areas of turtlebacks. The present study does not support such
a picture of well-drained landscapes, and suggests  in agreement with the classical
author Herodotus (2.4, 2.99)  that the early delta landscapes were swampy.
Furthermore, Butzer's estimates of the extent of turtlebacks at c. 4000 BC (Butzer,
1976, 1974) and c. 40003000 BC (Butzer, 2002) are signicantly larger than are
supported by the present data. Based on the larger amount of sedimentary and
chronostratigraphic data considered here, the current study proposes that more of the
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delta plain was covered by oodplain environments of the Bilqas Formation, and that the
sandy turtlebacks were more limited in extent than Butzer's proposals.
Butzer also posits an unconformity and a major episode of channel scour around 4000
BC (at the stratigraphic boundary between the Bilqas 1 and Bilqas 2 units?). This was
based on the nding of unconformity surfaces in a number of cores, and the fact that at
some tell sites fans of reworked gezira material extend into the oodplain. However,
while of considerable interest, this is not seen in all studies (see Fig. 3.5), and the exact
lithostratigraphic and chronostratigraphic relationships of the fans to the sediments
above and below is not always clear. This time period was doubtless one of change, there
are almost certainly complexities not considered in the current synthesis, and it is
probable that there is some truth in what Butzer notes. However, there is no convincing
evidence to suggest a delta-wide cessation of deposition. Until further targeted research
is able to inform further and provide better dating resolution on unconformities within
the Holocene sequence it would probably be best to avoid incorporating this idea within
a mid-Holocene delta-wide synthesis. A similar level of prudence is advised when
considering Butzer's suggested second episode of deep entrenchment of the distributary
channels at c. 2000 BC (Butzer, 2002).

7.3

Discussion: drivers of landscape evolution

The mid-Holocene landscape evolution of the Nile Delta has been ultimately governed by
a decrease in the rate of sea-level rise, although subsidence, changes in sediment-supply
dynamics driven by a changing monsoonal system and humans have also played major
roles.

7.3.1

Sea-level rise

Sea-level change (comprising glacio-isostatic, hydro-isostatic and eustatic components)
has played the dening role in the landscape evolution of both the coastal and uvial
regions of the Nile delta through the Holocene.
In the uvial region of the delta, it was increased base-level which initially resulted in a
decrease in river gradient and the deposition of the Bilqas Formation (Stanley and
Warne, 1994). High rates of sea-level rise then caused the development of the LSC
landscape as represented by the Bilqas 2 Member in the early mid-Holocene, through
stimulating fast aggradation rates as discussed in chapter 2. The decrease in the rate of
sea-level rise in the later mid-Holocene then ultimately resulted in the LSC-Meandering
Transition and the development of the more homogeneous oodplains of the Bilqas 1
Member.
Further north, in the coastal zone, the changing landscapes have also been governed by
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the rate of relative sea-level rise: high rates prior to 5500 BC resulted in the marine
transgression extending to areas far inland of the present shoreline and the deposition of
the Transgressive Sand Formation (Flaux et al., 2013; Stanley and Warne, 1993a).
Following the slowing-down of the rate of sea-level rise, sediments were reworked into
extensive beach-barrier systems which served to close-up the coastline and halt marine
ingression (Stanley and Warne, 1993a). As sea-level rise slowed further the shoreline
gradually prograded northwards to its current position.

7.3.2

Subsidence

In addition to regional sea-level, local tectonic eects and subsidence have been
important in controlling the spatially heterogeneous evolution of the delta, contributing
in the coastal zone specically to a more extensive transgression (and subsequent
progradation) in the east compared to the west. While an east-west trending hinge-line
has caused high rates of subsidence of Holocene deposits along the coastal margin
relative to the area more landward (Stanley and Warne, 1993a), the spatial pattern of
subsidence north of this hinge-line is heterogeneous, and is such that lagoonal areas have
experienced higher rates of subsidence than the zones in between, with many of the
highest rates around the Manzala region in the east (Stanley and Clemente, 2014).
These dierential patterns in subsidence could be caused by dierences in tectonic
activity resulting from reactivation of faulted basin structures (Stanley, 1990, 1988;
Stanley and Warne, 1997), or lithospheric exure caused by dierences in Holocene
sediment loading, in turn driven by increased autocompaction of lagoonal deposits
compared to coarser clastic sediments (Marriner et al., 2012). Whatever the cause, these
patterns of subsidence resulted in a further landward transgression that persisted for
longer in the eastern delta compared to the west.
In the uvial zone, regionally variable subsidence has also occurred: deposits in the west
have subsided more than those in the east. This variability does not seem to have been
caused by either faulting, subsidence within the Holocene section or the amount of
original accommodation space, but may be related to dierential autocompaction of
Pleistocene or earlier deposits, or longer-wavelength patterns of lithospheric exure.

7.3.3

Hydroclimatic changes and sediment-supply

It was not just sea-level change and subsidence which aected the development of the
delta at this time, however. The early and mid-Holocene time periods are also
characterised by substantial climatic change and hydroclimatic variability. Lake records
(Chalié and Gasse, 2002; Costa et al., 2014; Foerster et al., 2012; Francus et al., 2013;
Garcin et al., 2007, 2009; Gasse, 2000; Johnson, 1996; Kröpelin et al., 2008; Lamb et al.,
2007; Marshall et al., 2011, 2009; Bouchette et al., 2010; Stager et al., 2003), dust ux
records (de Menocal et al., 2000; Jung et al., 2004), records of tufa deposits (Hamdan
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and Brook, 2015) and regional stalagmite records (Fleitmann et al., 2003) document a
transition from an an early Holocene African Humid Period (AHP), in which there was
regionally increased precipitation, the Sahara hosted a savanna ecosystem with
permanent lakes and characteristic Sahelian vegetation, to more arid environments of the
later Holocene. The onset of the AHP was driven by gradually increasing northern
hemisphere insolation and a concomitant northward movement of the ITCZ during the
late Pleistocene; its demise was similarly forced by the reverse mechanism during the
mid-Holocene (Williams, 2009; Williams et al., 2010, 2006, 2000). Some proxy records
(de Menocal et al., 2000; Garcin et al., 2009; McGee et al., 2013; Tierney and
de Menocal, 2013) suggest a nonlinear response to this linear insolation forcing, and thus
a rapid termination of the AHP in the fourth millennium BC. However, the majority of
studies point towards a more gradual transition to a more arid climate between about
7000 BC and 3000 BC, with the shift taking place at dierent times in dierent places
(Shanahan et al., 2015).

Hydrolological changes associated with these climatic shifts are certainly responsible for
aspects of the delta's landscape evolution. As well as being forced by a decrease in river
gradient due to sea-level rise, the onset of deposition of the Bilqas Formation is also
probably related to the onset of the AHP. Increased vegetation and reduced erosion in
the Nile catchment likely resulted in the river changing from being dominated by sandy
bedload to a silty suspended load, which was deposited across the Nile oodplain
(Adamson et al., 1980; Said, 1993).

The subsequent termination of the AHP then contributed to the mid-Holocene landscape
changes explored within this thesis, in that the Bilqas 2 to Bilqas 1 transition could have
partly also been driven by hydroclimatic shifts. Decreasing rates of sediment-supply
probably played a role in forcing the Bilqas 2  Bilqas 1 transition, through the same
mechanism as decreased rates of sea-level rise, by stimulating lower in-channel
aggradation rates. These decreasing sedimentation rates between 5750 BC and AD 750
are clear from a variety of onshore and oshore records, and have been linked to a
decrease in monsoon intensity over the Ethiopian highlands (Blanchet et al., 2014;
Marriner et al., 2012; Marriner et al., 2013; Revel et al., 2015  although see Krom et al.
(2002) for a dierent view). Decreased discharge  from the Blue Nile as well as wadi
systems (Woodward et al., 2015)  could also have played a role in the transition from an
anastomosing to a single-channel regime, by analogy with similar changes further
upstream (Macklin et al., 2015, 2013; Woodward et al., 2001).

In the coastal zone specically, a change from a freshwater to a marine system in the
Mareotis lagoon around 4800 BC (Flaux et al., 2011) has been explained as a
consequence of the ending of the AHP, resulting from either a shift in the hydrological
budget of the area as a result of reduced Nile discharge (Flaux et al., 2013), or marine
inux as a result of the erosion of protective beach-barrier systems due to a reduction in
sediment-supply (Marriner et al., 2013).
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It is further interesting to note that some specic characteristics of the Bilqas 2 facies,
especially in the eastern delta, likely also result from increased (local) precipitation prior
to the end of the AHP: de Wit (1993) suggests that: the coeval existence of [the] kinds
of depositional environments [observed within the Bilqas 2 unit] can only be accounted
for by assuming... a total water-inux or amount of precipitation which was considerably
higher than at present, and that some of the calcareous muds within the unit were
deposited in wadi-fed stagnant pools.
Overall, it is clear that a variety of hydroclimatic factors contributed to bulk
geomorphological change across the delta during the mid-Holocene. These forcing factors
are not always easy to disentangle from the primary driver of decreased rates of sea-level
rise.

7.3.4

Human impact

Human inuences have played a role in the landscape development of the delta plain, but
in general probably not to a major extent within the time periods considered within this
synthesis. While the Nile's overall sediment system probably began to become
anthropogenically disturbed around 3000 BC as a result of human activity and soil
erosion in the Ethiopian headwaters (Dotterweich, 2013; Nyssen et al., 2004), it was not
until the rst millennium BC that such changes became intensied to have had a likely
impact on the downstream sediment budget (Haregeweyn et al., 2015; Lanckriet et al.,
2015). Similarly, it is only since 1000 BC  AD 0 that variability in the eectiveness of
irrigation and canalisation strategies have been shown to have demonstrably had a major
impact on the biosedimentary and hydrological budget of the Mareotis lagoon, masking
more natural changes (Flaux et al., 2012). Pollen records have also shown a much
greater human impact on the local environment only over the last 3000 years (Stanley
and Bernhardt, 2010). The history of human inuences on the delta landscapes over
these later periods have been reviewed elsewhere (Cooper, 2014). Most recently, of
course, the delta has become intensively farmed, and the reduction in sediment supply
caused by the building of the Aswan High Dam has resulted in fast rates of erosion
(Stanley and Warne, 1998), a situation exacerbated further by increased rates of sea-level
rise resulting from anthropogenic climate change.

7.4

Conclusions

As set out at the beginning of this part of the thesis, the collective aims of this chapter
and the preceding four were to produce the most up-to-date model for the
palaeolandscape evolution of the Nile Delta region through the mid-Holocene. This has
been achieved through the critical analysis of data contained within 1640 individual
lithostratigraphic records, and the integration of these data with 96 pieces of dating
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information. Conclusions have been able to be drawn through considering the three
dimensional architecture of the deposits, as well as the four-dimensional aggradational
history of the landscape. In the following chapter this landscape model is integrated with
archaeological data in order to explore linkages between this landscape evolution and
contemporaneous developments in the social sphere.
Overall, there is a wealth of evidence to suggest that the Holocene sedimentary section of
the uvial part of the Nile Delta can be split vertically into two regionally correlateable,
distinct units, named here as the the Bilqas 2 and Bilqas 1 Members. These units now
sit within a fully updated, new stratigraphic framework for the Holocene deposits and
represent very dierent environments: the lower unit of Bilqas 2 represents environments
of the Large-Scale Crevassing facies, characterised by dynamic, swampy and wetland
landscapes with extensive oodbasins bounded by an anastomosing channel network.
This is evidenced primarily by the sediments containing higher organic content and
displaying substantially greater vertical and lateral inhomogeneity than the overlying
Bilqas 1 unit, which represents more well-drained, larger-scale oodplain deposition, and
the establishment of wide levees around less-anastomosing river channel networks.
Together, the units unconformably overlie and sit within the palaeotopographic lows of
an older landscape, formed during the late Pleistocene and earlier Holocene.
The spatio-temporal extents of the dierent units through the Holocene have been
mapped. It is clear that the Bilqas 2 unit was rst deposited near the coast around 6000
BC, before it spread upstream to cover much of the delta plain during the fth
millennium BC. Through the fourth millennium these landscapes were then replaced by
those of the Bilqas 1 facies, which migrated northwards such that by c. 2500 BC
environments of Bilqas 2 deposition were marginalised to the north. The genesis and
upstream migration of the Bilqas 2 facies was most likely controlled by fast rates of
aggradation in response to high rates of sea-level rise, and perhaps also high rates of
sediment supply as a result of increased discharge; its replacement by the later Holocene
landscapes of the Bilqas 1 Member was due to the opposite eect: a reduction in
aggradation rates. The contemporaneous development of the coastal zone through this
time period was marked by the closing-up of the shoreline by barrier beaches, the
development of coastal lagoons and marshes (and thus the establishment of a clear
separation between the marine and uvial domains) and the progradation of the
shoreline following the earlier-mid-Holocene transgression.
The aggradation and subsidence history of the oodplain itself is such that the western
portion of the area has subsided more than the east by about 12m. This is broadly
opposite to the situation further north in the coastal zone, where the greatest subsidence
has generally occurred in the east. The spatially variable subsistence in the uvial zone
may be due to dierential autocompaction of pre-Holocene deposits or longer-wavelength
patterns of lithospheric exure, but is unlikely to be related to autocompaction within
the Holocene section or the amount of original accommodation space. As the Holocene
delta oodplain aggraded, topographic highs within the uvial plain (turtlebacks)
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became smaller and less pronounced in their relief. Both the changing spatial extent of
these turtlebacks, as well as the replacement of the Bilqas 2 landscapes by those of the
Bilqas 1 Member may have imposed changing boundary conditions, constraints and
opportunities on settlement within the region, ideas which are investigated in chapter 8.

Chapter 8

Ancient Egypt: sociocultural change
in its palaeoenvironmental context
The previous ve chapters have produced the most up-to-date maps of the changing
environments of the mid-Holocene Nile Delta. These chapters have shown that during
this time period the most major landscape change in the delta was the LSC-Meandering
Transition, characterised by the replacement of swampy landscapes and anastomosing
river networks by wider, more well-drained oodplains with simpler riverine networks.
This transition took place broadly through the fourth millennium BC and can be
thought of in broad terms as the environmental context from within which Ancient
(Lower) Egyptian society emerged. This chapter now explores whether any aspects of
contemporaneous social developments can be seen as adaptions to these environmental
changes.
Assessing any past linkages between the natural and human spheres is always dicult
(Widlok et al., 2012). Some attempts at doing so can be devalued by being too
reductionist: relying on long-term theoretical models with little regard to what was
actually happening at the scale of the individual, the community, or even the polity.
Other attempts can suer from the opposite problem: taking apparently well-understood
connections from one location, and then extrapolating them to make sweeping inferences
about broad-scale human  landscape interactions over large regions and long periods of
time. One of the reasons there are such diculties in assessing past interactions between
changes in the environmental and human spheres is that human society is intrinsically
very complex; another is that records of social and environmental change are generally
available at very dierent spatial and temporal resolutions. High-resolution
archaeological data can be temporally precise but spatially limited, while
palaeoenvironmental data often suer from the opposite problem. For any hypothesis to
be testable, linkages proposed must be applicable at a spatio-temporal scale that is
congruent with both datasets. A further reason for diculties in investigating linkages is
that there are a multitude of dierent approaches that can be taken: the structural
215
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coupling between environmental and cultural worlds is not fully understood even for
modern-day interactions, where there are no historical biases to consider.
Nevertheless, and notwithstanding these diculties, this nal main chapter of the thesis
is an attempt to marry the archaeological data in the Nile Delta with the detailed
palaeoenvironmental model developed in the previous chapters. In accomplishment of
this aim, section 8.1 provides an in-depth introduction to the archaeological record of
Ancient Egypt during the mid-Holocene, through the time period characterised by the
LSC-Meandering Transition (replacement of the Bilqas 2 Member by the Bilqas 1
Member). Section 8.2 highlights biases and problems with taking some of the
archaeological data at face value, before section 8.3 outlines the theoretical framework
through which this thesis attempts to investigate the coupling between the landscape
changes and the contemporaneous social developments. The landscape changes taking
place through the LSC-Meandering Transition are next rephrased within this theoretical
framework in section 8.4, before specic social changes are investigated for
correspondence and potential causal relationships with the environmental transition
(sections 8.5 & 8.6).

8.1

Sociocultural changes in the Nile Delta and beyond: c.
55002500 BC

There are about sixty known sites within Lower Egypt which (probably) date from the
period c. 55002500 BC (Fig. 8.1), although the history of cultural change during this
time is known from limited archaeological excavations at only about a dozen (Fig. 8.2),
and as a result the available data are relatively sparse and piecemeal. The overall history
can be considered as being divided into four periods: the Neolithic period (c. 55003750
BC) was followed by the Predynastic period (c. 37503350 BC), then a transitional time
period known as the Protodynastic (c. 33503100 BC), before the Early Dynastic period
and Old Kingdom, which are considered together, from c. 3100 BC onwards (Fig. 8.2;
Table 8.1). The Predynastic and Protodynastic periods are generally thought of as
chalcolithic cultures, while the Early Dynastic period is commonly thought to represent
the emergence of a state society (Maisels, 1999, p. 30). No boundary is imposed
between the Early Dynastic period and Old Kingdom, as this division is essentially a
relic of nineteenth-century historical assumptions (Malek, 2000).
These broad divisions are internally serialised and correlated through pottery divisions of
the Naqada series, a label which is also applied more specically to a variety of Upper
Egyptian cultures otherwise known as the Amratian and Gerzean. Naqada I and II
(internally divided again into IAIBICIIAIIBIICIID and further subsets)

1

are

applicable in material cultural terms in Upper Egypt only, although they are also used as

1

For the avoidance of doubt, this thesis uses the generally accepted Hendrickx serialisation (Hendrickx,

2006, 1999, 1996)
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Chronology of early Ancient Egypt.
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Date ranges derive from Dee et al.

(2014, 2013); Shaw (2000).

Period

Dynasty

Old Kingdom

38

Early Dynastic

12

IIICIIID

c. 31002686

Protodynastic

0

IIIAIIIB

c. 33503100

IAIID

c. 37503350

Predynastic
Neolithic

Naqada Series

Dates BC
c. 26862160

c. 55003750

chronological references for Lower Egypt. In Lower Egypt at this time, the area was host
to a dierent material culture, today known as the Lower Egyptian or Buto-Maadi
culture, divided into Early, Middle and Transitional stages, corresponding in time
approximately to Naqada IAIAB, Naqada IICIID1 and Naqada IID2 respectively
(Maczy«ska, 2011, p. 885). After this time, the four divisions of Naqada III
(IIIAIIIBIIICIIID) are equally applicable to both Upper and Lower Egypt. Naqada
IIIA and IIIB make up the Protodynastic period (Dynasty 0 / Semainean) while
Naqada IIIC and IIID together form the Early Dynastic period (Jucha and Maczy«ska,
2011), where they are far better labelled as Dynasty 1 and Dynasty 2, having
signicantly more in common with the following periods, and less with the chalcolithic
Naqada cultures. The history of social developments through these time periods has
been reviewed in detail by a variety of authors (Ciaªowicz, 2001; Friedman and Fiske,
2011; Hassan, 1988; Hendrickx and Friedman, 2004; Homan, 1979; Midant-Reynes,
2000; Midant-Reynes and Tristant, 2008; Tassie, 2014; Trigger, 1993; Tristant, 2004;
Wengrow, 2006; Wilkinson, 1999, 1996) so only a brief overview is given here. The
dating of the periods has recently been revised (Dee et al., 2014, 2013; see Table 8.1).

8.1.1

The Neolithic

In Lower Egypt, the Neolithic period (c. 55003750 BC) is best represented at various
sites in the Faiyum (Caton-Thompson and Gardner, 1934), and in the delta at the
individual sites of Merimde Beni Salame (Eiwanger, 1992, 1988, 1984; Junker, 1929;
Rowland and Bertini, 2016), el-Omari (Debono and Mortensen, 1990) and Sais (Wilson,
2006b,a; Wilson et al., 2014), with the only excavated site within the central delta being
Sais (Figs. 8.1, 8.2). The similarities between the material cultures represented at the
sites, and also the similarities with aspects of contemporaneous Levantine cultures are
thought to be indicative of the presence of a larger Lower Egyptian Egypto-Levantine
techno-complex with regional cultural variants (Tassie, 2014, p. 199) existing in and
around Lower Egypt, of which the cultures represented at each of the sites are probably
local expressions. The origins of the cultures are debated, but they probably came to
some extent from the western desert: aridication due to the ending of the African
Humid Period is thought to have stimulated the migration of people into the fertile
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Modern rivers are shown in blue;

approximate ancient courses in grey (from Fig. 3.1).

valley of the Nile around 55005000 BC (Kindermann et al., 2006; Kuper and Kröpelin,
2006; Shirai, 2010). Connections with the eastern desert and Levant are also evident,
especially at the site of el-Omari (Debono and Mortensen, 1990). Many of the
agricultural technologies, as well as the ceramics that help dene the start of this period
were imported into Egypt from the fertile crescent via the Levant around 5500 BC
(Shirai, 2010; Tassie, 2014; Wenke, 2009), although both pastoral farming and pottery
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Egyptian serialised stratigraphy. *LENT is Lower Egyptian to Naqada Transition. Site
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also had an indigenous older heritage within cultures further south (Tassie, 2014, p. 345;
Wengrow et al., 2014).

Settlements of this Lower Egyptian Egypto-Levantine cultural complex seem to have
consisted (especially in their later phases) of clusters of semi-subterranean round/oval
huts of wattle-and-daub (Debono and Mortensen, 1990; Eiwanger, 1999, 1982; Wenke
and Brewer, 1992) with a well-made hearth, and they are usually interpreted as housing
mainly sedentary, egalitarian village communities (Köhler, 2014). Their inhabitants
practised mixed subsistence strategies involving cultivation (including wheat and barley),
hunting, gathering, herding, and especially shing (Tassie, 2014, p. 240), and may have
spun and weaved ax for clothing (Midant-Reynes, 2000, p. 114). Domestic
stock-keeping increased gradually through the period, as did storage of food probably at
the household level (Midant-Reynes, 2000, p. 116; Tassie, 2014, pp. 207, 220;
Wetterstrom, 1993, pp. 213214). In terms of the domestic species raised, pigs and cattle
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are more highly represented at Sais and Merimde; cattle, sheep and goats predominated
at el-Omari and in the Faiyum, probably due to diering environmental constraints at
each site (Yokell, 2004).
The general modes of subsistence of the contemporary Neolithic societies in Upper
Egypt, such as the Badarian, (Fig. 8.2) were similar to those in Lower Egypt, although
perhaps with a greater focus on herding, but their material cultures were distinct
(Brunton and Caton-Thompson, 1928), as were their funerary traditions. In contrast to
Lower Egypt, where the dead were simply placed in oval pits, with few grave goods
(Seeher, 1992) and only isolated markers of social distinction (Debono and Mortensen,
1990, p. 67), Badarian graves sometimes contain decorative personal adornments such as
jewelry, cosmetic utensils and other metal and ivory objects. Analysis of the
distributions of these objects between the graves have yielded suggestions that there may
have been the beginnings of social inequality within Badarian societies (Anderson, 1992).

8.1.2

The Predynastic period

The Neolithic period was succeeded by the Predynastic era (c. 37503350 BC). During
this time the foundations of the later Egyptian state were laid  especially in Upper
Egypt  and various transformations occurred: in subsistence strategies, social relations
and structure. Dierentiation of labour, metallurgy, and full-time craft activities became
evident (Takamiya, 2004), and social inequality appears to have become conspicuous.
In Lower Egypt a small number of sites from this time period  mainly settlements 
have been excavated (Fig. 8.2). The lower layers of these sites (corresponding in time to
the Naqada I and early Naqada II series) record the Buto-Maadi culture. A number of
dierences with the preceding Neolithic cultures are evident. The ceramic corpus
changed and became more standardised, the lithic toolset similarly evolved (Buchez and
Midant-Reynes, 2011), and there was a major increase in interregional exchange between
the people living in Lower Egypt and the cultures in Upper Egypt and the Levant
(Faltings and Köhler, 1996; Hartung, 2001; Maczy«ska, 2014; Midant-Reynes, 2000;
Seeher, 1990; Wengrow, 2006; Wilson et al., 2014). The subsistence basis of the economy
in Lower Egypt further shifted to become more focussed on agriculture and
stock-keeping; hunting became more minor in importance, although sh still provided a
fairly major component of the diet (Midant-Reynes, 2000, p. 215).
Settlement units in Lower Egypt probably consisted of a settlement and its nearby
cemetery, located either on turtlebacks, or beside old channels of the Nile. Buildings
were generally made from wattle-and-daub between wooden posts, although some
structures were also made from mudbrick (Maczy«ska, 2011, pp. 886887). The layout of
these settlements appears more organised than in the Neolithic, and houses appear also
to have become internally divided by walls into areas with dierent functions (Tassie,
2014, pp. 365366). Animals were kept in fenced enclosures, and pits or large pottery
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jars were used to store grain (Caneva et al., 1989; Hartung et al., 2003; Midant-Reynes,
2000; Tassie, 2014). At the community-scale, brewery complexes at Tell el-Farkha
(Ciaªowicz, 2012, 2003; Cichowski, 2008) and Buto (von der Way, 1997, p. 73) suggest
division of labour, and there is also evidence for specialised craft activity in the form of
metallurgy and basalt-working at Maadi (Seeher, 1990). Such craft-specialisation points
towards the generation of an agricultural surplus. There appears to be some evidence for
the beginnings of social stratication (Köhler, 2008; Jimenez Serrano, 2001), although
this is not as obvious as in Upper Egypt (Hendrickx and van den Brink, 2002, p. 347).

Further upstream at the same time, the Naqada I and then Naqada II cultures (Fig. 8.2)
evolved from the preceding Badarian phase (Midant-Reynes, 2000, p. 185). Settlements
during Naqada I appear to have been composed of a series of round mud-huts, centred
on the desert-edge, with walls of wattle-and daub xed in place with wooden posts
(Wengrow, 2006, pp. 7780). During Naqada II, the houses changed to a rectilinear form
and there was a shift in the locus of settlement towards the river (Wengrow, 2006), a
shift which appears to be concomitant with increasing sedentism and craft specialisation
apparently to a greater extent than in Lower Egypt at the time. From Naqada II
onwards there are extensive workshops for producing pottery, beer and working stone
(Geller, 1992; Holmes, 1992; Takamiya, 2004, 2008); increased copper working took
place, as well as the production of gold and silver (Midant-Reynes, 2000, p. 235), in
addition to the standardisation of pottery forms suggesting mass workshop production
(Buchez, 2008, pp. 159193). The development of permanent mudbrick architecture also
suggests a shift towards more permanent settlements of high poulation density (Kemp,
2006, p. 81). These larger settlements point further towards population growth (Hassan,
1981), which may have come about through an evolution in the means of subsistence:
through this period food production became more focussed on cereal agriculture, moving
from an agro-pastoral basis to an agricultural society in Naqada IC and an agrarian
society by Naqada IIBC (Tassie, 2014, p. 389).

Increasing social stratication from Naqada IIB onwards in Upper Egypt is attested by
the construction of large and exquisite tombs (Crubézy et al., 2002, pp. 560561;
Friedman, 2008) demonstrating inequality in the distribution of wealth. An evolution in
the way grave goods and the corpse are treated may also point to the development of
institutionalised control and hierarchy during Naqada II (Wengrow, 2006); the rst
attempts at mummication are further seen at this time (Jones, 2007). The beginnings
of kingship and the cult of the divine king have also been interpreted from wall paintings
such as those at Hierakonpolis (Tomb 100), which feature some of the iconography of
later periods used to reinforce the king's status as divine and omnipotent (Kemp, 2006,
p. 81), while early steps were also made towards the rst writing systems (Hendrickx
and Eyckerman, 2012), for administrative recording, as well as cultural and elite display
(Regulski, 2016).
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8.1.3

The emergence of the state

Around 3350 BC, the Predynastic period gave way to the Protodynastic period
(Naqada IIIAB) via the Lower Egyptian  Naqada Transition (Fig. 8.2), a label which
refers to the various transformations which took place in the delta broadly during
Naqada IICD. This time period saw many elements of the Lower Egyptian Buto-Maadi
culture evolve, transform or disappear altogether, while material deriving from the
(Upper Egyptian) Naqada culture appeared at Lower Egyptian sites, and these elements
appear to have displaced those of the indigenous culture. The overall process culminated
early in Naqada III with the appearance of a more homogeneous material culture and set
of funerary customs throughout the region, encompassing both Upper and Lower Egypt.
This transformation has historically been explained in a number of ways: arising through
military conquest, trade, cultural synthesis or migration (Maczy«ska, 2011). The
classic hypothesis (Kaiser, 1995, 1990), now discredited, contended that there was an
expansion of the more advanced southern Naqada culture into Lower Egypt during
Naqada IIC, perhaps to gain access to gain control over trade with the Levant; conquest
of the delta occurred during Naqada IID and two kingdoms of Upper and Lower
Egypt were instigated (the two lands of the Red and White crowns) and nally unied
some two centuries later (Kaiser, 1990, pp. 290294).

Most of the more modern approaches to understanding the transition have not invoked
warfare, for which there is little evidence (Köhler, 2008, 1996, 1995), but instead suggest
that other sets of interactions between Upper and Lower Egypt led to the material
cultures merging (Campagno, 2004). Some of these models still suggest that people from
the south arrived in Lower Egypt in Naqada IIC. Buchez and Midant-Reynes (2007)
argue for acculturation, whereby the Lower Egyptians absorbed and assimilated the
dominant Naqada culture, losing their identity; Maczy«ska (2011) instead sees the
transition to a more homogeneous culture a product of integration between the
peoples: neither culture losing its identity in the process. On the other hand, Köhler
(2008) does not see a movement of people at all, arguing instead that the transitional
phase of the Buto-Maadi culture was an in-situ development. The reality perhaps lies
somewhere in between.

Whichever interpretation is correct, it is clear that by the time of the Protodynastic
period (Naqada IIIA and IIIB; see Fig. 8.2) a more homogeneous material culture
existed over the whole of Egypt. At this time sites in the delta show clear evidence for a
social hierarchy, as well as further evidence of craft specialisation. A large increase in the
size and complexity of graves of certain individuals, as well as an increase in the number
and quality of goods found within these contexts (Dreyer, 1998; Hartung, 2001) points to
the former; the latter is attested by the construction of large buildings that point to
both the existence of elite residences and dierent forms of labour specialisation
(Campagno, 2013, p. 4). Some of these may be administrative headquarters. The rst
evidence of hieroglyphs also dates from Naqada IIIAB (Bard, 1992, p. 304); there is
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clear evidence for (regional) kings (Hassan et al., 2006); and permanent, mud-brick
architecture was the norm (Wengrow, 2006, p. 160). There was a further increase in the
use of copper, while the ceramic corpus changed again, becoming simpler and less
ornamented (Tassie, 2014, pp. 408409).
The Ancient Egyptian state is generally accepted to have come about by the Early
Dynastic period (Naqada IIIC / Dynasty 1), as a result of inter-polity interactions (and
warfare) between several competing centres of culture all located in Upper Egypt:
Abydos, Hierakonpolis, Naqada, Abadiya, Armant, and perhaps Edfu, Elephantine,
Elkab, and representatives of the Nubian A-Group (Hassan, 1993; Wilkinson, 2000, pp.
378379). These interactions culminated in the formation of a single political entity:
unied Egypt (Andelkovi£, 2008; Campagno, 2004, 2002; Maisels, 1999, p. 60;
Wilkinson, 2000, p. 392;), with its epicentre and focus at Memphis, at the apex of the
delta. While a majority of authors correlate this political unication with state
formation, other researchers, especially those who focus more on social stratication,
tend to see at least proto-states in existence in Upper Egypt during Naqada II
(Campagno, 2013; Kemp, 2006, p. 77; Trigger, 2003, p. 104). Very few authors still
maintain the older idea (Janssen, 1978; Gardiner, 1961) that the state was not fully
expressed until the Old Kingdom, although a minority suggest that it only appeared as
an entity in the Middle Kingdom (Guksch, 1991).
This Early Dynastic period (c. 31002686 BC) represents the full establishment of the
Pharaonic system of governance: a top-down approach to bureaucracy ruled by an
all-powerful and divine king. The ideas and symbology related to trancendental and
divine kingship at this time were fully expressed through numerous statues and reliefs
which project the omnipotent and omniscient nature of the king (Wilkinson, 1999, pp.
186199), while the bureaucratic apparatus by which the territories were physically
organised, taxed and administered was established in the form of landed estates (Engel,
2006). The system of the royal court was set up (Wilkinson, 2014, p. 54), writing was
employed predominantly as a means to record transactions into and out of the treasury
(Postgate et al., 1995), and the construction of imposing burial monuments (mastabas 
the precursors to the pyramids) for the elite classes cemented the social structure in a
very visual sense (Wilkinson, 1999, pp. 224229). This form of government, authorised
by the Ancient Egyptian cosmogonical world view, underwent transformations
throughout the following millennia, notably during and after the First Intermediate
Period (21602055 BC), but ultimately persisted in some form or other until the rst
millennium BC.
The economy of the Early Dynastic period was agrarian, based on the creation of an
agricultural surplus of grain (wheat and barley), which was grown and articially
irrigated in the months following the receding of the annual Nile ood (Tassie, 2014, p.
357358). Domestic animals were the other main agricultural component: sheep, goats
pigs and cattle were kept as a source of not only meat and milk but also leather and bre
(Darby et al., 1977). In the delta, pigs were probably the main meat source (Redding,
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2016, p. 183). Fish were also a very important dietary contribution, caught in many
dierent ways: through nets, drop-lines and hooks, as well as spears (Brewer and
Friedman, 1989). Waterfowl provided a relatively minor proportion of the diet (Tassie,
2014, p. 358), while hunting of other animals was probably also carried out at a low level.

8.1.4

Role of the delta in the emergence of Ancient Egypt

Within this broad history of Prehistoric Egypt, and in regard to the formation of the
Ancient Egyptian state, the delta is usually thought of as both a buer zone between
Upper Egypt and the Levant (Fig. 8.3), as well as the area which provided the majority
of food resources for the Egyptian state. It evolved into a buer zone as a result of the
desire of Upper Egyptian elites engaging in peer-polity interaction to acquire prestige
goods as symbols of power (Köhler, 2010; Wengrow, 2006, pp. 7576). Many such
materials originated from the Levant, and so the delta became the area where middlemen
mediated interactions between Upper Egypt and the Levant (Maczy«ska, 2014;
Midant-Reynes, 2000, pp. 237, 255; Sowada, 2009, p. 245). Gradually increasing
involvement of Upper Egyptian elites in these longer-distance exchange networks within
Lower Egypt is thought to have eventually culminated in the Lower Egyptian  Naqada
Transition (Stevenson, 2016; Tassie, 2014, pp. 403407; Wengrow, 2006, p. 89). Through
this transition the Lower Egyptian people became more integrated within the cultural
world of the Upper Egyptian proto-states, and the material culture across both regions
became more uniform. Ongoing cultural changes allied with this development later
eventually resulted in political unication and the establishment of the territorial state
encompassing all of Egypt (Andelkovi£, 2006; Campagno, 2013; Jucha and Maczy«ska,
2011; Köhler, 2008).
Such links between Predynastic Lower Egypt and both the Levant and Upper Egypt are
clearly demonstrable through the archaeological record (Maczy«ska, 2014, 2013), as
summarised in Fig. 8.3. At Maadi there are large numbers of wares present originating
from the Levant: ceramics, int scrapers, resins, copper, bitumen, wood, pigments and
shells (Midant-Reynes, 2000, p. 215; Rizkana and Seeher, 1987, pp. 3132; Seeher, 1990),
and there are even imitations of Levantine architecture (Hartung et al., 2003). This all
points toward major trade links with a variety of settlements in the southern Levant
(Hartung, 2001, pp. 354361; Maczy«ska, 2013, pp. 3342), maybe even controlled by
Levantine people living within Maadi, or Maadian people who had moved abroad
(Seeher, 1990, p. 153; Tutundºic, 2007, p. 77). There are also clear links with Upper
Egypt: palettes, disc-shaped maceheads, diorite jars, black-topped vessels, ivory and
other raw stones were imported, while basalt vessels, ceramic styles and copper owed
southwards (Midant-Reynes, 2000, p. 214; Rizkana and Seeher, 1989, p. 77). Levantine
cultural material is also present at Buto (Midant-Reynes, 2000, p. 219), along with
objects and styles originating from the southern Mesopotamian Sumerian city-states.
Both settlements can therefore be seen as key sites within long-distance exchange
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Figure 8.3: Summary of trading interactions between Upper and Lower Egypt and the

Levant through the fourth millennium BC.

networks through which Asiatic goods ltered to Upper Egypt (Midant-Reynes, 2000, p.
254; Tassie, 2014, p. 361). Sais at this time had links with both Buto and especially
Maadi (Wilson et al., 2014, p. 75); it is also possible that the inhabitants could have
been involved in supplying cattle elsewhere (Wilson et al., 2014, p. 170), a practice that
is known to have occurred in the delta later in time (Yokell, 2004, pp. 8385, 8890).
As well as comprising the zone of interaction between Upper Egypt and the Levant,
however, it is also appropriate to view the delta as the breadbasket of the Ancient
2

Egyptian state. Containing a potentially cultivatable land area of some 16,500 km

at

2500 BC (see Fig. 8.8), it is signicantly larger than the valley north of the First
2

Cataract at Aswan (approx. 11,000 km ), and could thus have theoretically provided
some 1.5 times as much produce as Upper Egypt under the same technologies. It was
therefore upon this land that the economic foundations of Ancient Egypt would have
been built. Even in much later periods the Nile Delta was an extremely important source
of agricultural produce, contributing a large part of the grain supply of Imperial Rome,
for example (Rickman, 1980).

8.2

Exploring archaeological changes in their
palaeoenvironmental context

The changes in human society described above, from the later Neolithic to the Early
Dynastic periods, occurred during the time period for which the evolving landscapes of
the Nile Delta have been reconstructed in the preceding chapters of this thesis. It is the
aim of the remaining part of this chapter to try to ascertain whether any role can be
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Figure 8.4: Known archaeological sites in the Nile Delta through time. a) c. 6000 BC;
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attributed to the landscape changes (especially the LSC-Meandering Transition) in
stimulating or guiding aspects of this social evolution.

In order to illustrate the palaeoenvironmental context of the archaeological changes
described above, and begin to explore possible instances of correlation and causation
between the changing landscapes and social developments, the locations of known sites
in the delta at dierent time periods were plotted onto the landscape maps created in
the previous chapter (Fig. 8.4). This is a very usual way of initially investigating
correlation between palaeoenvironmental and social changes (Giosan et al., 2012; Jotheri

et al., 2016; Smith et al., 2008; Woodward et al., 2001). Sites displayed on each map are
those that are thought to have existed within 250 years of each date indicated.

Unfortunately, this gure serves only to highlight that there are a number of
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geoarchaeological problems associated with this simplistic approach to reaching an
understanding of palaeo-socio-environmental change in the Nile Delta. The rst problem
is one of scale and resolution: the reconstructed landscape changes deriving from the
work in the preceding chapters are at a signicantly lower temporal resolution than the
archaeological evidence during the time period of most interest (c. 38003100 BC). The
resolution of the palaeoenvironmental data allowed only one map to be produced during
this time period, at c. 3500 BC, with the next map a full millennium later (although Fig.
8.4 attempts to average these to produce an estimate at c. 3000 BC).

The other signicant problem is that there are major taphonomic issues and other biases
aecting the site patterning itself. Because older archaeological sites are buried deeper
than younger ones, there is almost certainly a bias towards sites of a younger age, since
younger, shallower sites are subject to more frequent rediscovery. The large number of
sites in the eastern delta relative to the western delta could similarly also be in part due
to the fact that this area has subsided less than the western delta (section 7.1.1).
Furthermore, biases in settlement patterning also result from the history of
archaeological research in the area. The eastern delta has been surveyed intensively by
the Liverpool University Delta Survey (Snape, 1986), the AUSE project (van den Brink,
1993, 1988; van den Brink et al., 1989, 1987), the Italian Archaeological Mission of the
CSRLVenice (Chªodnicki et al., 1992), and most recently the Archaeological Expedition
of the Institute of Archaeology in Krakow: Jagiellonian University (Jucha, 2009). As well
as being buried at a shallower depth, these eastern sites have therefore also been visited
by scholars more than those in other areas of the delta, so there is another reason for a
bias to this region. Other areas of high site density perhaps also reect research history
as opposed to a real archaeological signal. The cluster of sites in the north and west is in
part reective of large amounts of work also carried out in this region by the WDRS
(Wilson and Grigoropoulos, 2009; Wilson, 2007), WDLP (Trampier, 2014), BRS
(Schiestl, 2012a), Naukratis Project Survey (Coulson and Leonard, 1981; Coulson et al.,
1982) and by Mohamed Kenawi (2014). In the southwest, the large number of sites is in
part due to the work of the Imbaba Prehistoric Survey and Minuyeh Archaeological
Survey (Rowland, 2015, 2007; Rowland and Tassie, 2014; Rowland et al., 2009). To some
extent the recent work of the EES Delta Survey (Spencer, 2016; Spencer and Spencer,
2001) is attempting to address this imbalance in the spatial collection of data, but rates
of progress are slow.

Given these major problems of a mismatch in scale and resolution between records of
landscape change and human activity, and of spatial biases inherent within the
archaeological site data, it is concluded that an approach trying to investigate links
between the archaeological and palaeoenvironmental data based on site patterning alone
cannot deliver reliable insights. To progress any further, it is therefore necessary to turn
to a more abstract framework in order to explore interactions between people and their
landscapes, and explore the eects that the LSC-Meandering Transition may have had
on the inhabitants of the ancient Nile Delta.
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8.3

A social-ecological framework for human-environment
interactions

There are many theoretical frameworks which try to relate developments in the
human/cultural and natural/ecological spheres, each of which is applicable over a specic
range of dierent spatial and temporal scales, and each of which is useful for
understanding dierent aspects of social-ecological relations. In order to select the most
appropriate framework for understanding these social-ecological interactions in the
Neolithic, Predynastic and Protodynastic Nile Delta, a wide range of such frameworks
were considered (Binder et al., 2013), and an approach rooted within Social Ecology
(Haberl et al., 2016), relying partly upon investigating shifts in society's social
metabolism (Fischer-Kowalski and Haberl, 1998), and primarily using the quantitative
repertoire of Material and Energy Flow Accounting (MEFA  Haberl et al., 2004), was
ultimately chosen, as it:



Functions at the macro scale (Binder et al., 2013) and is thus able to be
parameterised and considered at the same rst-order level of resolution as the
archaeological and environmental records within the Nile Delta for this time period.



Provides for a conceptualization of the natural/ecological system in terms of its
own internal functioning (Odum, 1971), in a format which can readily be adapted
and mapped onto the range of landscape types already dened in the model of the
Nile Delta's environmental evolution in the preceding chapters (Fig. 7.9).



Provides for a quantitative, rather than qualitative framework through which links
between ecological and social systems can be explored, assessed and tested, in the
form of social metabolism (Fischer-Kowalski and Haberl, 2007, 1997).

This social-ecological model (Fig. 8.5) recognises that humans and the environment
which they inhabit together comprise a complex network of systems, structurally coupled
to one another (Luhmann, 2012; Sieferle, 2011; Weisz et al., 2001). However, it imposes a
fundamental Cartesian separation between a symbolic world, comprising the abstract
realm of culture, from the material world, on the basis that there can be no direct
coupling between such worlds: the symbolic realm is only modied through
communication, while the material necessarily only changes as a result of direct physical
action (Luhmann, 1995). Whilst classical Cartesian duality would separate these two
spheres, it is important to recognise that they overlap in the form of society's biophysical
structures: people and the objects (artefacts, infrastructure) which comprise the material
components of society (Fischer-Kowalski and Erb, 2016), taking physical substance but
imbued with and contributing towards cultural meaning. Society encompasses the
entirety of the symbolic world; that solely within the symbolic realm is termed culture.
Nature is conceived as that part of the material world external to society. The
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boundary between society and nature is fuzzy, depending on what is deemed within
society, and which is external. Society, as an autopoietic system, naturally self-denes
this boundary, which of course may change through time.

The hybrid components of society (people, artefacts, infrastructure), existing in the
material domain but imbued with and contributing towards a cultural meaning, mediate
all interactions between nature and culture and enact the structural coupling across the
Cartesian divide. This coupling is eected through a number of dierent types of
interaction between the hybrid elements and the solely natural and cultural realms (Fig.
8.5). Events can occur in the natural world which may have an impact on society,
regardless of if they are consciously noticed or not. These events can be very minor, or
they can be long-term environmental trends such as those explored in this thesis.
Humans in turn can change nature through their practices : deforestation substantially
changes the ecosystem, for example. Most importantly, society also has a metabolic
relationship with nature, in that it is continually taking materials and energy from the
environment, modifying and distributing them within the social system, and redepositing
them as waste or heat. On the other side of the divide, within the symbolic domain,
people self-project a representation of themselves which becomes (is really in a process of
constant becoming) their culture. People continually communicate with this symbolic
representation of their society, which can oer guidance on the way they interact with
each other, their artefacts and infrastructure, and the outside world. At any one point in
time, the entire system can be considered in a state of dynamic equilibrium. Major shifts
in any of the interconnected factors which comprise the system can disrupt this
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equilibrium, either within bounds that allow for a return to the same system state, or
into a new state, eected through nonlinear feedback processes.
Within this framework, major changes (events) in the natural environment can stimulate
changes in the overall system state by initially inducing changes in society's metabolic
patterns. Natural changes cause pressures that select against certain material and
energetic ows between society and the natural world, while simultaneously selecting for
other patterns. If the selection pressures are great enough, then society must either make
changes to its metabolic structure, and/or to its practices, or it will fail. These metabolic
changes can then cause other changes within the entire social-ecological system that may
ultimately result in a catastrophic change in the overall system state.
In order to investigate linkages between past landscape change and changes in the overall
system state within this framework, a threefold method is therefore required. First, it is
necessary to study the selection pressures that the changing landscape could have
imposed upon society's metabolic structure. This can be done by reconstructing changes
in the patterns of resources that were available for exploitation. Next, society's
changing socio-metabolic patterns must be reconstructed from the archaeological
record and investigated to see if they correspond with these selection pressures. Finally,
other social developments must be considered within the context of these
socio-metabolic adaptions. The next three sections of this thesis (8.4, 8.5, 8.6) address
each of these parts of the method in turn in relation to the mid-Holocene Nile Delta.
However, to start this process it is necessary to outline how the changing resources
(attributes of the environment that can impose a selection pressure on society's
metabolic structure) can themselves be estimated. The discussion below shows how this
can be achieved, both for the total quantity of resources available as well as for how these

resources are distributed within the landscape.

8.3.1

A resource-based method of investigating landscape changes

The predominant resources that the societies studied in this thesis appropriated were
derived from the ecosystem; inorganic resources (metal ores and stone) probably only
amounted to a very minor component of the total (Krausmann et al., 2016). As such, the

total potential quantity of resources available for exploitation would have been dependent
upon the size of the ecosystem in any particular environment. This can be calculated
as the net amount of solar energy captured by the trophic structure through
photosynthesis (Ajtay et al., 1979; Odum, 1971), in a quantity called potential Net
Primary Productivity (NPPpot  Haberl et al., 2014). This quantity is a measure of
2

power density, and thus technically has the SI units of W/m . Dierent landscape types
host dierent ecosystems, each of which would have had dierent characteristic values for
NPPpot , and would have therefore been intrinsically more or less rich in potential
resources.
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From the overall available NPPpot , people would have directly co-opted a portion, known
as the Human Appropriation of Net Primary Productivity via Harvest (HANPPharv 
Haberl et al., 2016; 2014). By analogy with other cultures, approximately 2040% of
that harvested in the prehistoric Nile Delta may have been used for food, the rest for
biomass (Krausmann, 2011, p. 76). Humans would also have impacted upon NPPpot
indirectly through land use changes, and any change to NPPpot resulting from this is
quantied as HANPPluc . Together HANPPharv and HANPPluc are summed as the
Human Appropriation of Net Primary Productivity (HANPP  Haberl, 2016; Haberl

et al., 2013). A schematic showing how these quantities (and other relevant terms) are
related is provided as Fig. 8.6.
A focus on NPP as a measure of the resources available for a society can sometimes be
subject to criticism because it doesn't take into account partitioning of resources into
specic formats that can be readily exploited by humans. Two landscapes could have a
similar NPP, for example, but one could be made up of a wide range of useful animals
and plants, whereas another could be more hostile. NPP does not distinguish between
these environments, whereas  for example  a nutritional approach surveying all edible
taxa would (Brown et al., 2013). However, while such a criticism would be valid when
dealing with hunter-gatherers, who more passively take their resources from an existing
trophic structure, it is not strictly appropriate when dealing with agricultural societies.
Agriculturalists possess a range of technologies which can convert some less useable
resources into more usable ones. Grazing, for example, is a technology which can convert
land which is less directly useful for humans into a more useful product which sometimes
has a higher nutritional content (meat). In a system where humans have access to such
conversion tools, the only fundamental determinant which still sets an energetic limit
on the maximum total quantity of harvestable resources, no matter how they are
partitioned, is NPPpot .
As well as studying the total quantity of resources available (NPPpot ) and how much are
appropriated, for any discussion of social metabolism it is also crucially important to
look at patterns in how resources are distributed within an environment. This can be
approached through assessing the spatial homogeneity of the ecosystem, which can be
thought of as the horizontal distance over which habitats change: the characteristic
length scale of any landscape type. This gives an idea of the maximum range of any one
harvesting activity (e.g. a eld of crops, a lake for shing in, an open stretch of land for
hunting), and thus determines more than anything the variety of dierent types of
resources able to be exploited from any one point within the landscape, setting
boundaries on the material ows that constitute society's metabolism.
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Figure 8.6: HANPP and related quantities. NPPpot is the total potential NPP available

in a particular environment.

HANPPharv is the portion of this co-opted for human

consumption; HANPPluc is that lost or gained due to land-use changes resulting from
human niche construction. The sum of these two quantities is HANPP, while NPPpot
minus HANPPluc is NPPact From Haberl et al. (2014).

8.4

Changing ecosystem resources through the
LSC-Meandering Transition

This section now attempts to reconstruct how these patterns of resources would have
shifted through the mid-Holocene in the Nile Delta as the natural environment changed.
Once these changing patterns of resources have been established, contemporaneous
socio-metabolic shifts can be analysed to see if they correspond with the changes.

8.4.1

Changes in the total quantity of resources

In order to create a prole for how the total potential resources available in the Nile
Delta (total NPPpot ) would have varied through the mid-Holocene, each landscape type
that occupied the delta plain within this time period needs to be assigned a value for
NPPpot , and then the dierent landscapes need to be summed across the delta through
time. The landscape types that existed in the mid-Holocene Nile Delta derive from the
model developed in the previous chapters (Fig. 7.9). Each landscape type (geological
unit) was assigned a characteristic NPPpot value based on a consideration of the
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ecosystems that likely existed in that environment. These dierent ecosystems and
associated NPP values were assigned as shown in Table 8.2 and graphically on Fig. 8.7.
Ecosystems harboured by the landscapes represented by the Geziracover Formation in
the early Holocene, as well as the Bilqas 1 Member, are assumed to be made up of
grassland, woodland and shrubland  environments for which general NPPpot values are
known through empirical studies (Lieth and Whittaker, 1975). Turtlebacks protruding
above the later Holocene oodplain, on the other hand, are assumed to host a desert and
semidesert scrub ecosystem (due to ongoing aridication), with a much lower NPP
3

(Lieth and Whittaker, 1975) . In the coastal zone, wetlands are assumed to have been
made up of brackish marshes and salt marshes, characteristic species including

Phragmites australis, Scirpus maritimus, Cladium mariscus, Sarcocornia fruticosa,
Anthrocnemum macrostachyum ; NPPpot values for these ecosystems are taken as an
average of measurements from within the Ebro and Mississippi deltas (Day et al., 1997;
Ibañez et al., 2002). Ecosystems on the coastal sands of the barrier-beach system are
assumed to be characterised by marram grass (Ammophila ), an ecosystem for which an
NPP estimate exists (Cardoch et al., 2002). Lagoonal environments and the open sea are
assumed to be represented by NPPpot values for lakes and streams, and the continental
shelf respectively (Lieth and Whittaker, 1975). The environment represented by the
Bilqas 2 Member is assumed to be characterised by papyrus swamps, generic freshwater
marshlands and swamplands, and open water. Papyrus swamps are very productive
2

landscapes, with average NPP values of some 5.00 W/m

(Jones et al., 2016); NPPpot

values for generic deltaic freshwater swamps and marshes are known from the Ebro and
Mississippi, and average about 1.48 W/m

2

(Cardoch et al., 2002; Day et al., 1997), while
2

open water has a value of approx. 0.25 W/m

(Lieth and Whittaker, 1975). To provide

an overall NPPpot estimate for the mosaic landscape represented by the Bilqas 2 Member,
a weighted average sum is used: papyrus swamps are assumed to cover 20% of the
landscape; generic freshwater marshlands and swamps cover 60% and open water 20%.
The resulting NPPpot values for all landscape types (Table 8.2) naturally encompass
wide ranges, but some general trends are evident: it can clearly be seen that the most
productive ecosystems are those within the landscapes of the Bilqas 2 Member (1.94
2

2

W/m ), and within coastal wetlands (2.35 W/m ). The natural environment of the
2

Bilqas 1 Member (0.41 W/m ) is a much less productive landscape. The wide ranges in
the NPP values result from the wide variety of dierent plant and animal communities
that can be represented within each ecosystem type.

3

They were not articially irrigated, since they stood above the level of the ood and no water lifting

technologies were known at this time (Mays, 2010).
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a

a

Mapped unit

Ecosystems/environment

Bilqas 2

NPPpot mean
2

NPPpot range
2

(W/m )

(W/m )

Papyrus swamps, freshwater marshes, open water

1.94

0.95  3.06

Bilqas 1

Grassland, woodland, shrubland

0.41

0.14  0.87

Geziras within oodplain

Desert, semidesert scrub

0.06

0.01  0.16

Geziracover

Grassland, woodland, shrubland

0.41

0.14  0.87

b

Coastal beach sands

Dune vegetation

Sabkha and coastal ridges

Hypersaline lagoon

0.91

0.91  0.91

Coastal wetlands

Salt marshes, brackish marshes

2.35

1.90  2.79

Lagoons

Lake and stream

0.25

0.06  0.95

Open sea

Continental shelf

0.23

0.13  0.38

2

0.05

Reference
1
2
3
4
5

0.05  0.05

2

Where values for NPP were presented in kg/m /yr dry matter (DM), a conversion was made to W/m

6
7
8
9

assuming 1 kg DM is
2

equivalent to 20 MJ (Haberl et al., 2013; Vitousek et al., 1986); where values for NPP were presented in kg/m /yr carbon, a
conversion was made to W/m
b

2

assuming 1 kg C is present in 2.09 kg DM (Haberl et al., 2013; Vitousek et al., 1986).

Only aboveground NPP was provided in the reference; this was doubled to to provide an estimate of total NPP (Olson et al.,

2001).
1
2
3
4

Combined measurements: Cardoch et al. (2002); Day et al. (1997); Jones et al. (2016); Lieth and Whittaker (1975); see text.
Lieth and Whittaker (1975)
Lieth and Whittaker (1975)
Lieth and Whittaker (1975)

5

Cardoch et al. (2002)

6

Yáñez-Arancibia et al. (2007)

7
8
9

Day et al. (1997); Ibañez et al. (2002)
Lieth and Whittaker (1975)
Lieth and Whittaker (1975)
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Table 8.2: Average NPPpot values for dierent landscape types based upon assumed ecosystem types.
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By then multiplying each of these NPPpot values by the the changing areal extent of
each landscape type through time (Fig. 8.8), the changing total power (NPPpot ) of the
Nile Delta's ecosystem can be calculated (Fig. 8.9). This diagram clearly shows that the
natural productivity of the overall landscape progressively decreased from 55004000 BC
to 2500 BC, with the largest decrease between 3500 BC and 2500 BC. This substantial
change was driven almost wholly by the replacement of the environments of the Bilqas 2
Member by those of the less productive Bilqas 1 Member, and corresponds to a decrease
in the overall amount of organic resources that contemporaneous societies would have
been able to exploit.

8.4.2

Changes in the distribution of resources within the environment

The other important aspect of the available resources to consider is how they are
distributed within the landscape, a quantity which can be studied through an
appreciation of the changing spatial homogeneity of the ecosystem. The LSC
environment of the Bilqas 2 Member in the early fourth millennium BC would have been
characterised by a highly heterogenous landscape (see chapter 2). A myriad of wetland
habitats existing in a small geographical area would have resulted in a small
characteristic length-scale for those resources deriving from animals; restricted soil
development localised to the margins of channels would also have resulted in individual
plant-derived resources being localised to small areas (Fig. 8.10). A characteristic
length-scale for the landscape would be of the order of 10100m.
In contrast, the characteristic length-scale for the Meandering environment of the later
Bilqas 1 Member is signicantly larger. Similar soils exist (for the most part)
continuously over the extensive levees, providing large continuous areas where plants can
grow, while the more homogeneous oodplain environments support habitats continually
over much larger areas, of the order of >1km. Essentially the landscape can be
considered to have been stretched-out, by a factor of ten or so relative to the LSC
regime (Fig. 8.10). The LSC-Meandering Transition would thus have been characterised
by an increase in the homogeneity of the landscape.
Overall, therefore, the LSC environment (represented by the deposits of the Bilqas 2
Member) was rich in resources, as indicated by its high value of NPPpot , and it was
spatially heterogeneous, allowing for a wide variety of resources able to be appropriated
within short distances. The LSC-Meandering Transition was marked by a decrease in the
total quantity of resources available, and an increase in the length-scale over which they
were distributed.
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Figure 8.7: Ranges and averages of suggested NPPpot values for the dierent landscape

types, from Table 8.2.

Figure 8.8: Areas covered by the landscape units in the Nile Delta through time. Due

to the prograding movement of the shoreline resulting in the deltaic plain being larger
in the later periods than the earlier ones, an extra landscape type: open sea, was
created, ensuring that the same total area was being considered in each time window.
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Figure 8.9: Total NPPpot of the Nile Delta through time. Minimum, Mean and Maxi-

mum values are shown based on the ranges given in Table 8.2.

b

a

Figure 8.10: Characteristic length-scales for the distribution of nutritional resources,

as given by the widths of the river levees. a) shows minor levee development in the LSC
environment; b) shows much more extensive levees in the Meandering landscape. After
Pennington et al. (2016)

8.5

Changes in socio-metabolic patterns

Having phrased the LSC-Meandering event in terms of the changing patterns of
resources available for exploitation, it is now necessary to study changes in the
socio-metabolic patterns exhibited by society through this event, in order to investigate
whether such changes could have been facilitated or stimulated by the LSC-Meandering
Transition. These changes in socio-metabolic patterns can best be understood through
studying the changing resources which were being taken from the environment by people
for food.
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It is generally thought that there were major shifts in these patterns through the
Neolithic, Predynastic and Early Dynastic periods. Syntheses of the Egyptian
Predynastic era often suggest that earlier cultures in the delta harvested a large amount
of food resources through shing, while people at later dates focussed signicantly more
on cereal agriculture and pastoralism (Tassie, 2014). However, to try to quantify these
changes, and investigate exactly which resources were being taken from the environment
at dierent times, the zooarchaeological records from sites during these early periods of
the delta were studied.
The more sparse early archaeobotanical record (appendix F) was not thought to provide
as specic a window on the changing resources taken by humans from the environment,
for a range of reasons largely related to taphonomic eects. These issues result in only
charred plant material being preserved, meaning that the archeobotanical record mainly
comprises plants burnt within dung cakes (Thanheiser, 1992a; 1992b; Wetterstrom and
Wenke, 2016; see appendix F), and as such it is not thought to be quantitatively related
to past human consumption patterns. Even if one were to take it at face value (appendix
F) there do not seem to be any meaningful patterns that emerge from the record, as
previous workers have also surmised (Attia et al., 2015; de Roller, 1989; Thanheiser,
1997). It is generally thought, however, that during the Predynastic period cereal
agriculture in Egypt probably became more dominant (Midant-Reynes, 2000, pp.
254255; Tassie, 2014, pp. 357359). Some of the lines of reasoning that lead to this are
the nding of an increased number of bread moulds, serving and storage vessels for grain,
and changes in the stone-tool assemblage (Wengrow, 2006, pp. 160163).
To investigate the zooarchaeological record, however, diagrams showing the abundances
of particular zooarchaeological nds at all sites within particular landscapes of the delta
were produced (Figs. 8.11 to 8.13). The exact methodology by which these diagrams
were produced is given in appendix F. These diagrams are not intended as direct
indications of the representative contribution of dierent species to the diet, as there
would be numerous problems in considering them as such. However, the diagrams do
give broad indications of which organisms were being consumed by people, and relative
dierences between dierent environments. Figs. 8.11, 8.12 & 8.13 show that all of the
main domesticates (sheep/goat, cow, pig) are represented in all three site settings of
the Nile Delta considered here: the Bilqas 1 environment, the Bilqas 2 landscape, and
from sites at the desert edge. There are also a large amount of sh remains, primarily
of clariid and Synodontis catsh and Tilapia.
By subtracting these gures from each other, dierences in the faunal and oral
assemblages between dierent environments can be suggested. Doing so also importantly
makes the resulting output more representative of changes in the human diet than than
the source data (since limitations 2 and 3 listed in appendix F no longer apply after
subtraction: they cancel out). Fig. 8.14 thus displays the percentage change in the
faunal assemblage between the Bilqas 2 and the Bilqas 1 environments. It can clearly be
seen that through the Bilqas 2  Bilqas 1 landscape transition in the Nile Delta, catsh
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(Boessneck, 1988a; Boessneck and von den Driesch, 1990; Boessneck et al., 1989; Bökönyi,
1985; Debono and Mortensen, 1988; Rowland and Bertini, 2016; von den Driesch, 2003;
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Figure 8.14: Percentage change in the average zooarchaeological assemblage from sites

within the Bilqas 2 environment to those within the Bilqas 1 environment.
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(CLARIID) become signicantly less abundant in the archaeological record, while pigs
become much more prominent. This is thought to be related to changes in human
consumption patterns.
To some extent, a shift away from the shing of clariid catsh through the
LSC-Meandering Transition can be interpreted as a direct response to the landscape
changes. These catsh live predominantly in shallow, swampy lakes and pools, and prefer
slow-moving water (Seegers, 2008; Teugels, 1986), environments which are extremely
characteristic of the LSC landscape of the Bilqas 2 Member. As these landscapes
gradually gave way to the better-drained oodplain environments of the Bilqas 1
Member (the Meandering landscape), there would have been a natural reduction in the
abundance of these sh species, so over time it is to be expected that people would have
switched their main focus to a dierent source of protein. However, the zooarchaeological
assemblages do not indicate that the later inhabitants of the Meandering landscapes
switched their focus towards other types of sh that would have preferred the new
environments (Fig. 8.14). Nile perch (Lates niloticus ), Bagrus and Synodontis catsh
and various Cyprinids, all preferring deeper, well-oxygenated water (Bailey, 1994; Brewer
and Friedman, 1989; van Neer, 2004) may well have become more abundant in the
landscapes of the Bilqas 1 Member, yet people did not increase their shing of these
species. Instead, people appear to have completely reorganised their subsistence
strategies away from shing and towards the keeping of domestic stock. At the same time
it is also likely that they focussed on more intense cereal cultivation, as discussed above.
This overall shift away from shing, towards stock-keeping and the intensication of
agriculture in general, however, can be thought of as an adaption to the decrease in
NPPpot between the Bilqas 2 and Bilqas 1 environments, and as such, in the delta as a
whole through time. Because the environments and ecosystems harboured within the
LSC environments of the Bilqas 2 Member are very rich in resources (NPPpot = 1.94
2

W/m ) a relatively large population could theoretically be supported using relatively
more inecient methods of transfer of resources from the environment into the
population (like shing). This can be phrased by saying the ratio
HANPPharv (eating)/NPPpot is able to be low. In order to support such a population size
if NPPpot were then to decrease  in the landscape of the Bilqas 1 Member (NPPpot =
2

0.41 W/m ), for example  then in order to extract the same quantity of energy from the
natural environment, much more ecient methods of resource transfer would have to be
used (Pennington et al., 2016). Through the time period 55002500 BC the mean
decrease in NPPpot across the delta as a whole was from 22.2 to 12.0 GW (Fig. 8.9),
which would therefore need to be compensated for by an increase in HANPP of 1.85x.
Increased adoption of agricultural practices in the delta would have been an adaptive
strategy that more than compensated for this decrease: replacement of hunting/gathering
by agricultural methods can increase the ratio HANPPharv (eating)/NPPpot by up to two
or three orders of magnitude (Krausmann, 2011, p. 79).
As such, the shift away shing and towards the keeping of domestic stock and tending of
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crops can be seen as a reaction to the landscape changes: responding to a decrease in
nutritional potential by appropriating a technology that allows for more ecient transfer
of these nutrients from the landscape into the population (Fig. 8.15).
Furthermore, as well as being stimulated by the reduction in total resources through the
Bilqas 2  Bilqas 1 transition, the shift towards more intense pastoral and cereal
agriculture can be seen as being enabled by the increase in the length-scales over which
the resources were distributed. The very narrow levees and extensive swamps of the LSC
environments would have imposed major size restrictions on eld systems (Fig. 8.10). In
contrast, the later Meandering landscapes would have been much more conducive to
agriculture. These much more expansive, homogeneous and more well-drained oodplain
environments would have allowed for more extensive areas of grasslands on which
domesticated stock (including pigs) could be herded and pastured, and much larger areas
of land where cereals and other crops could be planted and tended for. These crops
would have been watered through early irrigation systems such as those depicted on the
Scorpion macehead, which features a Protodynastic king ceremonially digging an
irrigation ditch (Butzer, 1976; Mays, 2010). Of course, these landscapes were still deltaic
and thus marshy to an extent, so sheep may not have been the preferred stock in this
environment, and they were instead kept at the desert-edge (Yokell, 2004); pigs, on the
other hand, were well-adapted to these inner deltaic oodplain landscapes and were the
most abundant of the domestic fauna.
Thus the observed shift away from a lifestyle based predominantly around shing to one
characterised by the intensication of cereal agriculture and domestic stock-keeping can
be seen as potentially having been driven by a reduction in the total productivity of the
natural landscape, and enabled by the increase in spatial homogeneity of the ecosystem.
These changes were driven in turn by the LSC-Meandering Transition in the Nile Delta,
a gradual and time-transgressive process recorded in the sediments by the replacement of
the Bilqas 2 Member by the Bilqas 1 Member.
How such a transition would have played out at the scale of the individual community
can be hypothesised. From one generation to the next it would have become obvious
that there were simply fewer sh in the rivers, but there were more opportunities for
grazing of stock. Younger people would hear of bountiful catches of sh (catsh) that
used to occur in the past, but on casting their own nets successive generations would
gradually nd it more and more dicult to provide enough food for their families. On
the other hand, families who instead focussed more of their energy into the keeping of
their domestic stock, and the planting of crops, would be rewarded with increasingly
greater returns than their neighbours as not only the sh stocks declined, but also the
landscape became more suitable for cropland and pasture. As people saw this occurring,
successive generations would gradually invest less and less of their energies into shing,
instead reaping the greater returns oered by agriculture.
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Figure 8.15: Schematic showing potential human responses to a decrease in NPPpot .

In scenario 1, no technological or behavioural changes are made to food collection strategies, and HANPPharv is still the same percentage of NPPpot as before.

In scenario 2,

humans adapt to the decrease by appropriating technologies that increase their eciency
of nutrient collection such that the same total quantity of HANPPharv is maintained
after the transition. In scenario 3 the technological changes result in a greater quantity
of HANPPharv than before. This is thought to be the situation in the prehistoric Nile
Delta (see text).

8.6

Other developments in the Nile Delta

These changes in society's subsistence basis  exemplied by its metabolic patterns 
may then have led on to result in other (unintended) changes in the social system (Fig.
8.16). Two specic changes that are initially important to consider are an increase in
population and changes in settlement patterns. These developments are attested in the
Nile Delta by a major apparent increase in the number of known sites in the delta region
starting from about 3800 BC, during the time that the LSC landscapes of the Bilqas 2
Member were being replaced by those of the Bilqas 1 Member (Fig. 8.17). The only sites
dating prior to this time, from the Neolithic period, are Merimde, el-Omari and Sais.
After this the data suggest a rapid and continual increase in the number of sites through
the Predynastic and Protodynastic periods, to perhaps over 40 by the Early Dynastic
era. Although there is a degree of taphonomic bias in this signal (as discussed in section
8.2) the overall temporal trend is thought to be real, given that it is also also observed in
areas that have been surveyed extensively (van den Brink et al., 1987), and in the
patterns of numbers of well-excavated sites (Fig. 8.2).

Population increase is naturally reected in this signal, but the increase is also driven by
changes in settlement dynamics  an increasing tendency for larger-scale, sedentary
settlement on turtlebacks which creates sites that are more persistent in the
archaeological record. The increasing use of mudbrick architecture, the construction of
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Figure 8.16: Summary reasoning giving an environmental perspective on the develop-

ment of Lower Egypt and the emergence of the Ancient Egyptian State.

larger buildings (Tassie, 2014, p. 66; von der Way, 1991), and the cessation of seasonal
mobility (Yokell, 2004, p. 66), would all have resulted in larger, less ephemeral sites that
were occupied for longer, preserved better, and therefore recorded today in larger
numbers.
Both population increase as well as the changes in settlement dynamics can be
interpreted as being unintended consequences of the shift to more intensive food
production strategies in response to the decrease in NPPpot within the landscape (Fig.
8.16). Population increase can be seen as a consequence of the increased eciency of
agriculture more than compensating for the decrease in NPPpot in the environment.
Given that the decrease in NPPpot required an increase in eciency of some 1.85x, but
the shift towards agricultural technologies would have increased this eciency by an
order of magnitude or more (see section 8.5), there would therefore have been an
agricultural surplus able to fund population growth.
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The shift towards completely sedentary lifestyles on turtlebacks, and the concomitant
construction of mudbrick architecture can also be interpreted as being a response to
increased agriculture driven by the landscape changes (Fig. 8.16). An increased focus on
crops and pastoral farming, and the requirement to store larger agricultural surpluses,
would have necessitated people staying in one place, high and dry from the annual
oods. More mobile lifestyles would have become less advantageous. Mudbrick
architecture  already developed further south  would have been an ideal technology to
appropriate for this new mode of living. Both of these changes: population growth and
shifts in settlement dynamics, can therefore be viewed as emergent properties of the
changing social-ecological system following the shift in the environment.

A third aspect of social change that can also be considered in the context of these
landscape changes is the emergence of a capital zone at the delta apex. From the later
Predynastic period onwards (c. 35003000 BC), a large number of sites came into being
at the delta apex (Fig. 8.4); this area then became the most important location in Egypt
 the capital zone  centered on the city of Memphis. This point at the head of the
delta was naturally becoming more important since trade between Upper and Lower
Egypt was increasing through this time period (section 8.1.4). However, the landscape
changes taking place within the delta specically also could have meant that this
location became even more advantageous. Within the LSC environment, the plethora of
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transport options from any node in the network to any other node through the large
number of interconnected channels in the distributary network meant that there would
have been no major trade advantage for a settlement in any position (Pennington et al.,
2016; Fig. 8.17). But with the reduction of the transverse transport potential formerly
aorded by the many anastomosing river distributaries there thus would have arisen a
point of power in the landscape  a node at the apex through which transverse,
upstream, and downstream trade had to pass (Fig. 8.16). It was in this location that the
Egyptian capital was established.

8.6.1

The delta in its wider context and the emergence of Ancient
Egypt

The discussion above has demonstrated that an increase in agricultural practices in early
Lower Egypt, an increase in population, a shift towards sedentary settlement on
turtlebacks in the delta region, as well as the emergence of a capital zone at the delta
apex can all be understood within the framework of a changing social-ecological system
following the landscape shifts associated with the LSC-Meandering Transition. These
socioeconomic changes in the delta could also have had some wider bearing on the
contemporary sociocultural developments taking place throughout the Nile system (Fig.
8.16).
Through this time (the Predynastic period), Upper Egyptian elites were becoming
increasingly involved in the delta region, using it to source prestige materials from the
Levant (Maczy«ska, 2014). As this was taking place, the deltaic landscapes were
gradually being remodelled from a series of swampy environments very dierent to those
which existed in Upper Egypt, to Meandering ones that aorded similar opportunities
to those provided by the oodplain further upstream. Quite naturally, the inhabitants of
the delta may therefore have looked to their contemporaries in Upper Egypt, who they
were coming into more and more contact with, in deciding which strategies to adopt in
order to deal with these changes. The initial inspiration for the increased use of
mudbrick architecture, for example, may have come from upstream, while the uptake of
more intensive agricultural methods by the Lower Egyptians may similarly have been
catalysed by their interactions with people from Upper Egypt.
As such, by the time that the delta plain comprised mostly Meandering environments
in the second half of the fourth millennium BC, both Upper and Lower Egypt probably
looked quite similar both in terms of the natural environment, but also in terms of the
subsistence strategies and settlement styles adopted by their inhabitants. The Lower
Egyptian  Naqada Transition was the natural consequence: increased cultural
interconnectivity within convergently evolving landscapes gave rise to the alignment of
both lifestyles and material culture across the region (Fig. 8.16).
Crucially, however, Lower Egypt is signicantly larger in geographical area than Upper

Chapter 8 : Ancient Egypt: sociocultural change in its palaeoenvironmental context

247

Egypt, and at this time it would have constituted approximately 1.5 times the amount of
potentially cultivatable land as Upper Egypt. The political authorities in the more
spatially-restricted oodplains further upstream would then have recognised the
potentially enormous taxable basis of the delta region, now that it was involved in
full-time production of grain. They would have sought to realise it for their own benet,
recognising that in the Protodynastic world following the LSC-Meandering Transition
and the Lower Egyptian  Naqada Transition, the economic foundations of political
authority lay within the delta. They accomplished this initially through the economic
and political unication of Upper and Lower Egypt, a development that probably
involved some territorial expansion, but the process continued through the Old Kingdom
as the royal court and state temples gradually brought the delta's production under
increasing direct control (Maªecka-Drozd, 2014), ensuring that its surplus was engaged in
supporting the state structure.

The administrative centre of the resulting polity was ideally located at the delta apex.
Binding together the agriculturally-productive delta with the older centres of culture
further upstream, this location was now also the point at which all transverse delta
trac now had to pass (due to the changes in the distributary network). Memphis was
thus established in this position once the environmental changes associated with the
LSC-Meandering Transition had been completed, and this location of power persists in
the same location even today in the form of Cairo.

This perspective on Egyptian prehistory, focussing on the delta as the economic
foundation of the incipient state system, contrasts with other syntheses of this time
period, which tend to interpret changes in Lower Egypt within the context of social and
cultural trajectories driven by people and polities further upstream (Stevenson, 2016;
Tassie, 2014). Such a focus on Upper Egypt as the driving force of cultural change
during the Predynastic period results partly from a lack of evidence from the delta
(again in part as a result of sites being obscured from excavation by continuous
sedimentation), but also because there are more obvious manifestations of developing
social inequality in Upper Egypt when compared to the delta (as discussed above in
section 8.1). As such, Upper Egypt is generally phrased as being more socially complex
than Lower Egypt, and is therefore implicated as the driver of social change. Models of
such change are also usually still phrased in neo-evolutionist terms, despite extensive
criticism of this paradigm (Feinman and Neitzel, 1984; Yoee, 2005). The arguments
generally either coalesce around the idea that individual people or communities in Upper
Egypt competed with one another to gain control of an agricultural surplus and therefore
power (Andelkovi£, 2006; Castillos, 2011, 2007; Kemp, 2006; Wilkinson, 2000), or that
hereditary leaders rst arose out of the need to manage new forms of social and economic
relations that existed in new urban centres (Campagno, 2011; Guyot, 2011; Hassan,
2010, 1988). Both of these sets of arguments generally start by assuming that the fertile
land of Egypt gave rise to an agricultural surplus once the rst sedentary agricultural
villages were established, with concomitant population increase and settlement growth;
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the ideological concepts that allowed for the emergence of an institutionalised hierarchy
being already established within the prehistoric symbolic repertoire (Kemp, 2006;
Wengrow, 2006).
The perspective taken by this thesis  although it has not explicitly addressed the initial
rise of social complexity in Upper Egypt  has highlighted the need for a holistic view of
changes taking place in Egypt in order to understand the later developments and the
transformation of these early centres of social complexity into the large territorial
political entity covering all Egypt. It has also highlighted the economic basis of society
as being an important factor in social change, in addition to purely cultural
considerations. It is hoped that such ideas are considered in future syntheses of this
formative period of history.

8.7

Conclusions

The landscape changes taking place in the Nile Delta during the mid Holocene,
especially though the fourth millennium BC, were categorically not the sole determinant
of cultural and social change in this region during this time period. However, they were
signicant in guiding some specic aspects of social change in Predynastic Lower Egypt,
and then in helping stimulate the transformation of early (smaller) centres of social
complexity further upstream into the large territorial entity of politically-unied Egypt
during the Protodynastic period.
Linkages between the changing natural landscapes and sociocultural developments have
been explored here by considering nature and society as together comprising an
interlinked cultural-ecological system straddling symbolic and material realms, and then
studying the patterns of material and energetic exchange  metabolism  that society
exhibits with the outside world. By investigating the social-ecological system in this way,
four interlinked aspects of sociocultural change in the Nile Delta during the fourth
millennium BC can be interpreted as responses to the natural landscape changes: an
evolution in the means of subsistence, an increase in population, changes in settlement
structure, and the emergence of a capital zone at the delta apex.
During the fourth millennium BC, the subsistence base of the inhabitants of the delta
changed from being dominated by sh (especially clariid catsh) to pigs and cereals.
Such a shift can be interpreted as having been stimulated by the natural landscape
changes. The ecosystem changes associated with a shift from the Bilqas 2 to the Bilqas 1
environment resulted in a reduction in the primary productivity of the landscape and
thus the total potential human resources that could be appropriated from the
environment. In order to persist, the inhabitants of the delta appropriated more
ecient agricultural technologies that were already being utilised upstream, and with
which they were coming into contact through increased involvement of Upper Egyptian
communities in inter-regional exchange networks involving the delta. Adoption of the
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agricultural technologies was also favoured by the increased spatial homogeneity of the
new deltaic oodplain landscapes. The older ways of life did not die, however, and
persisted in the cultural memory. In this regard it is interesting to note that one of the
two hieroglyphics which comprises the name of the rst King of Egypt, Narmer, is a
clariid catsh (Brewer and Friedman, 1989, pp. p. 1011, 63; Goedicke, 1995; Leprohon,
2013); this cultural symbology may hark back to the primary subsistence foodstu of the
ancient delta inhabitants.
Population growth in the delta was then facilitated by the fact that the agricultural
technologies were at least an order of magnitude more ecient than was required by
the decrease in productivity of the ecosystem  the carrying capacity of the delta
increased as a result of the intensication of agriculture. More sedentary, permanent and
persistent settlements grew up on turtlebacks as an adaption to the more agricultural
lifestyles. The delta apex also became an increasingly important strategic position as
trade between Upper and Lower Egypt increased, while palaeogeographical changes in
the delta rendered this area even more crucial.
Ongoing cultural changes in Upper Egypt, coupled with the fact that both the landscapes
and lifestyles within Lower Egypt were converging with those further upstream,
gradually resulted in Lower Egypt being brought further into the cultural world of Upper
Egypt. The vast surplus of grain which the delta could then provide were appropriated
by the nascent Egyptian State, and provided the economic foundation for the cultural
political revolution that took place in the Protodynastic period and into the Bronze Age.
The foundation of Memphis at the delta apex cemented the binding together of the vast,
productive, agrarian delta with the older centres of culture further upstream. By the end
of the Old Kingdom, the delta was wholly within the national Egyptian sphere.

Chapter 9

Conclusions
9.1

Achievement of aims and objectives

The four objectives addressed in this thesis are:

1. To propose and explain a generic model for mid-Holocene landscape change in
major lower alluvial and deltaic systems.

2. To summarise the changing mid-Holocene landscapes of Lower Mesopotamia, the
Lower Huang He and the Indus Valley, and relate them to this landscape model.

3. To map the changing mid-Holocene landscapes of the Nile Delta, and similarly
relate them to this landscape model.

4. To assess whether the mid-Holocene landscape changes observed in the Nile Delta
can be implicated as potential drivers of contemporaneous social developments.

These objectives were chosen in order to try to answer the question What was the

uvio-deltaic landscape context for the emergence of civilisation, and what was its
importance for the development of large-scale social complexity? . This question was
itself identied because the history of bulk geomorphological change in the areas which
harboured the emergence of some of the rst Primary States (Nile Delta, Lower
Mesopotamia, the Indus Valley and the Lower Huang He) is fundamentally not
well-known. Furthermore, given that all these Primary States arose from within similar
landscape contexts it is also pertinent to consider parallels in their natural development
as potential drivers of social change.

Objectives 1 and 2 were achieved in chapter 2, while objective 3 was then accomplished
through chapters 3 to 7. Objective 4 was considered in chapter 8.
251
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9.1.1

Palaeolandscape context of the emergence of civilisation

There are clear theoretical and empirical bases to suggest that the mid-Holocene
landscape evolution of uvio-deltaic settings was likely characterised by a transition from
Large-Scale Crevassing (LSC) landscapes, comprising anastomosing rivers and
dynamic, swampy wetland environments, to Meandering environments, characterised
by wider, single-channel networks, and extensive levees and oodplains (chapter 2). This
LSC-Meandering Transition was forced by a decrease in aggradation rates primarily as a
result of decreasing rates of sea-level rise, and can be thought about in terms of a
non-dimensional number, the Mobility Number (M ). Such a transition is attested in the
Rhine and Mississippi delta systems, where large amounts of palaeo-environmental
research have been carried out, but is expected to be seen in other deltaic systems such
as those in which some of the rst Primary States evolved.

This thesis has shown that this model is indeed broadly applicable in understanding the
mid-Holocene landscape evolution of Lower Mesopotamia, the Lower Huang He and the
Nile Delta. The sedimentary record of each of these regions suggests that LSC
landscapes, driven by high rates of aggradation, once existed across large areas in the
mid-Holocene, before disappearing c. 25001000 BC in Lower Mesopotamia, c.
25002000 BC in North China and c. 40003000 BC in the Nile Delta. For the Indus
Valley there are currently not enough data to provide a substantive perspective on the
nature of the changing environment. The disappearance of these LSC landscapes is
temporally coincident with a decrease in aggradation rates, except in China, where the
sediment-system was complicated by an enormous inux of loess, anthropogenically
liberated from further upstream. The resulting environments that replaced these LSC
landscapes also have much in common with those predicted by the theoretical model.

In the Nile Delta, the greater availability of extant sedimentary data, as well as the
option for primary eldwork allowed for a signicantly more substantial contribution to
the understanding of Holocene palaeoenvironments to be made, as part of a full update
of the Late Pleistocene and Holocene stratigraphy and geological evolution of the area.
The early mid-Holocene LSC environments are represented in the sedimentary record by
the deposits of the newly-dened Bilqas 2 Member. Modelling of the contemporaneous
environments at a range of scales shows that these landscapes existed within the
palaeotopographic lows of an older topography, formed during the late Pleistocene and
earlier Holocene. The overall mid-Holocene landscape was thus a mosaic, comprising
intermittent sandy hills surrounded by dynamic LSC environments of extensive swamps,
lakes and minor river courses. These landscapes rst came into existence c. 6000 BC
before spreading upstream to cover the whole delta plain during the fth millennium BC.
Through the fourth millennium they were then replaced by the Meandering landscapes
of the Bilqas 1 Member, which by c. 2500 BC had expanded to cover nearly all of the
delta plain. By this time the once substantial areas of sandy hills standing above the
level of the deltaic oodplain had also been dramatically reduced in size.
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Ultimately, therefore, the palaeoenvironmental history of all the studied regions (except
the Indus Valley, for which data are lacking) is marked to some extent by the emergence
and subsequent disappearance of LSC landscapes across large parts of the lower alluvial
system during the mid-Holocene, as the model of chapter 2 would predict. In the
broadest terms, therefore, the environmental context within which the downstream
components of these civilisations rst emerged is characterised above all by this
LSC-Meandering Transition. An understanding of this environmental change needs to be
integrated into any discussion of contemporaneous events in the social sphere.

9.1.2

Social evolution within the context of palaeolandscape change

From within these LSC environments, and after they had disappeared, some of the
world's rst Primary States came into existence. In Lower Mesopotamia, the rst
Sumerian city-states clearly existed and developed within the LSC environment from the
Uruk to the Early Dynastic periods, while the rst large empires centred on Akkad and
Babylon rst came into being around the same time as the LSC-Meandering Transition.
In North China, while detailed information on the inhabitants of the LSC environment
(Houli, Beixin, and Dawenkou cultures) is relatively elusive, the Longshan culture 
derived from more socially complex cultures further upstream  spread across the plain
around the same time as the LSC-Meandering Transition, and then gave way to the Xia
dynasty and state of Erlitou. A comparable situation occurred in Egypt, where Neolithic
and early Predynastic cultures occupied the Nile Delta's LSC environments, and then
the LSC-Meandering Transition was marked by the apparent subsuming of downstream
cultures into a cultural world dictated by similarly more socially complex polities
further upstream, a process which culminated in the formation of Dynastic Egypt.
In some instances, human adaptions to the opportunities aorded by the LSC landscapes
are evident. In Egypt, the Neolithic inhabitants of the central delta pursued a way of life
centred on shing, living on raised ground and taking food from a variety of dierent
local aquatic environments, while in China, the Houli, Beixin, and Dawenkou people
practised hunting and gathering from the rich LSC environments as an important part of
their subsistence economy, within the context of early agricultural village societies
(section 2.3.3). In Mesopotamia, sh and other aquatic resources were very important to
the inhabitants of the LSC landscape, and there are also strong indications that
irrigation agriculture rst occurred as an attempt to control crevasse splays from within
this environment (section 2.2.3).
In order to understand whether the LSC-Meandering Transition could have played any
guiding role within the broad sociocultural trends taking place in these archaeologically
important areas, it is necessary to explore the changing relationships between people and
their environments on a case-by-case basis in as much depth as the data allow. One way
in which this can be done is by studying the changing patterns of material and energetic
exchange that societies exhibit in their relationships with the outside world: looking rst
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to see if there are trends and patterns in the types of resources that people take from
their environments, next to see if these changes can have been stimulated by the
environmental evolution, and then if they can have given rise to other socioeconomic
changes.

In Egypt, through the LSC-Meandering Transition there was a clear shift in the
subsistence basis from being dominated by shing to becoming more reliant upon pigs
and cereals. This change can be interpreted as being a response to the LSC-Meandering
Transition, stimulated by a decrease in the primary productivity of the environment and
enabled by an expansion of the length-scale over which individual landscape types
varied. A quantitative (NPP-based) reconstruction of this transition also suggests that
population growth in the region was promoted by this switch, since the increased
adoption of agricultural technologies provided for a greater amount of food than was
required by the natural decrease in primary productivity. A shift to larger-scale, more
sedentary permanent settlement on turtlebacks was then an adaption to the new, more
intensely agricultural lifestyles. A further line of reasoning indirectly implicates these
changes as being important in the formation of the Ancient Egyptian State. This
argument suggests that as landscapes and adaptive lifestyles converged in Upper and
Lower Egypt, both regions became subsumed into the same cultural unit, and the vast
agrarian surplus of the delta was appropriated by Upper Egyptian polities which became
more empowered as a result. The foundation of Memphis at the delta apex nally
cemented the binding together of the productive agrarian delta with the older centres of
culture further upstream.

Whether such relationships also hold in North China or Lower Mesopotamia is outside
the scope of the present thesis. However, some parallels are certainly evident. Through
the LSC-Meandering Transition there was agricultural intensication in China, and
probably in Mesopotamia as well (chapter 2), a similar situation to that which is the
case in the Nile system. Furthermore, in both Mesopotamia and China the rst large
nation-states/empires also only existed once the LSC-Meandering Transition was
completed, and these polities both also had their central points in the same geographic
location as Egypt: at the apex of the distributary network. It is tempting to correlate
these major sociocultural changes both temporally and spatially with the disappearance
of the LSC environment, and suggest that the model proposed (in Fig. 8.16) holds
universally. However, to simplistically do so without signicant further geoarchaeological
work would be inappropriate. As chapter 8 has demonstrated, it is necessary to
undertake highly critical analysis of large amounts of data, using a detailed
palaeoenvironmental model, to move from arguments that centre on correlative
relationships, to arguments that are causative. The data necessary to do this are simply
lacking for settings other than Egypt. Furthermore, it is likely that a single
geographically-determined model that works across all these areas can never be
appropriate, not least since major social developments took place in dierent areas. In
China and Egypt (and the Indus Valley), it seems as if the driving force of social change
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was upstream, while this does not appear to have been the case in Mesopotamia.

9.2

Focus of future work: reconstructing
human-environment interactions in Egypt

In contrast to many other regions of the world, our understanding of the
palaeoenvironmental evolution of these crucially important locations in the history of
human society is unfortunately still poor. In most of these locations,
palaeoenvironmental reconstructions are limited primarily by a lack of
chronostratigraphic control, and then by a lack of sedimentary data. Unfortunately, this
paucity of data is unlikely to be ameliorated in any major way in the near future, given
that eldwork in many of these regions is hampered by unstable political situations.
In the Nile Delta, however, the existing sedimentary record is more comprehensive. By
collating this information together, and undertaking a series of programmes of eldwork,
the palaeoenvironmental synthesis presented in this thesis (chapters 3 to 7), has taken
the research as far as the current dataset allows. Ultimately, in this region, the
palaeoenvironmental and archaeological records are now of sucient quality to (just)
begin to approach an understanding of human-environment interactions at this formative
period of human history, as attempted in chapter 8. However, the work is far from done.
If the main aim of future geoarchaeological work in the Nile Delta were to understand
human-environmental coevolution through the formative phase of Ancient Egyptian
civilisation, then research should predominantly focus on palaeoenvironmental
reconstruction rather than archaeological investigation. It is the understanding of
landscape change that is the main limiting factor in approaching issues of causality
between environmental evolution and sociocultural changes during this time period, as it
is available at a lower resolution than the archaeological evidence, as discussed in section
8.2. In order to improve our understanding of the regional palaeoenvironmental evolution
of the Nile Delta, future eldwork should consider a number of primary objectives:
collection of more chronostratigraphic information, collection of better
palaeoenvironmental data, collection of data from regions where there is a sparse
sedimentological record; researchers should also always ensure that positional data
(especially vertical elevations) are recorded correctly and accurately.
However, that is not to say that the archaeological record is perfect. Issues associated
with this record preclude settlement patterns from being used as a indicator of
relationships between environmental change and human societal changes, while the
overall history of cultural change through the Prehistoric phase of Ancient Egyptian
civilisation is still known only from excavations at a very small number of sites, and
within a wobbly chronological framework. There are many questions left unanswered
through this period.
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The remaining sections of this chapter discuss specic methodological improvements that
could be implemented when undertaking future (geo-)archaeological eldwork in the Nile
Delta, and also suggest avenues of research that may be most protable for
understanding mid-Holocene human-environmental co-evolution in this region of the
world. To some extent, this provides something of an agenda for future geoarchaeological
work to inform on the mid-Holocene Nile Delta. Of course, for a full and holistic
understanding of environmental/sociocultural co-evolution within the formative period of
Ancient Egypt it is also necessary to carry out and integrate comparable studies in the
Upper Egyptian oodplain.

9.2.1

Collection of more chronostratigraphic data

The fundamental limiting factor for most of the work undertaken in this thesis with
regard to Egypt is the lack of scientically-derived dates from the Nile Delta. This dearth
of data has implications for our understanding of the history of landscape succession at a
local scale, for understanding the four-dimensional landscape evolution of the delta at the
regional scale, and also for our understanding of contemporaneous socio-cultural change.
Without radiocarbon dates (or OSL, or other scientic dating methods) it is very
dicult to construct meaningful histories of long-term palaeoenvironmental change at
either the regional or local scale. Some progress can be made by using pottery as a
relative chronostratigraphic indicator (as in chapter 4), and elsewhere in Egypt this
method has also yielded good results (Toonen et al., in press), especially when the
palaeoenvironmental context is a river margin close to anthropogenic activity (Graham

et al., 2015; Pennington and Thomas, 2016). However, it is a highly labour-intensive
procedure, and is limited in both its spatial and temporal applicability to the immediate
vicinity of archaeological sites and the time period of their occupation. Furthermore, it
relies on the existence of a well-understood pottery corpus with sucient variability to
ensure diagnosis of small fragments, and a high degree of innovation/change to provide
for temporal resolution. For wider palaeoenvironmental research there simply is no
substitute for scientic dating methods. Many of the deposits of the Bilqas 2 Member
are ideal for radiocarbon dating, while the age of the Mit Ghamr and Geziracover
Formations, and the date of their onlap by sediments of the Bilqas Formation could
readily be ascertained through OSL methods. Channel ll sequences within the uvial
succession could also be suitable for dating by both techniques.
More chronostratigraphic information is also necessary for the construction of a better
4D aggradation model of the uvial zone of the delta (chapter 7). Only 96 dates
currently exist from the uvial region, of which only 71 are truly useful for estimating
the aggradation history of the area. The regionally-variable age-depth model developed
in this thesis, driven by so few records, leaves room for substantial improvement. A
programme of coring which provided twenty radiocarbon dates would increase the useful
database for the uvial zone of the delta by nearly 30%. There are also clear locational
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biases to these records (Fig. 7.3): while the northern margin of the uvial zone is fairly
well-understood, the central and southern delta are almost devoid of data.
Finally, prehistoric sociocultural cultural change in Egypt needs to be put on a more
sound chronological footing in order to allow for a more informed discussion of change.
The present framework based on seriation is problematic for a number of reasons,
including those related to subjectivity of object classication and inter-site variations in
pottery assemblages. For the purposes of research in the delta, however, the fundamental
issue is it primarily derives from and relates to Upper Egypt. Some progress has recently
been made in improving the chronological scheme, mainly through radiocarbon dating of
museum artefacts (Dee et al., 2014, 2013), but again this progress is as yet only fully
applicable to Upper Egypt. Improved dating is especially important for the earlier
periods (during the Neolithic and Naqada I) where errors in our knowledge of site phases
are most acute; for the questions posed herein it is of lesser importance in later periods
such as the Early Dynastic, where the limiting factor in our understanding of
human-environment co-evolution is primarily our inadequate knowledge of the the
changing landscapes.

9.2.2

Collection of better palaeoenvironmental data

Better palaeoenvironmental data are also necessary for more detailed reconstructions of
the changing landscapes of the Nile Delta. Most extant sedimentological records are
unfortunately limited to basic descriptions of deposits recovered from individual, widely
spaced boreholes. If all archaeological projects in the delta were to adopt approaches
such as those undertaken in chapter 4  drilling large numbers of closely-spaced,
well-recorded boreholes to produce geological sections of the shallow subsurface  then a
much greater amount of more relevant information could be forthcoming.
However, to go beyond the insights that can be ascertained using such basic methods,
research could be carried out using palaeoenvironmental proxies to inform further on the
environments that existed. Such proxies that would be appropriate in the taphonomic
environments of the Nile Delta and which would provide relevant data on the evolving
landscapes of the uvial zone are: molluscs, magnetic susceptibility, LOI, XRF, and (if
areas with the right preservation potential can be found) pollen, diatoms, ostracods and
phytoliths. Molluscs are commonly found within auger cores; consideration of each
species' environmental tolerances would be a very simple step forward to provide further
information on palaeo-environments (Davies, 2008). Carrying out measurements of
magnetic susceptibility and loss-on-ignition could shed light on the presence and nature
of depositional hiatuses and palaeosols within the sequence (French, 2015, p. 35), while
XRF and other elemental analyses could help provide a perspective on the drivers of
landscape change (sea-level, climatic, human), for example. Where waterlain deposits are
encountered, a more detailed picture of the palaeoenvironment could be established
through pollen, diatom, and ostracod analysis, and possibly molecular methods in the
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future. More pollen records from the delta could help build up a picture of the changing
vegetation at a local scale, and also help distinguish between the drivers of landscape
change. Sampling for pollen would be most appropriate when analysing semi-lacustrine
sediments of the Bilqas 2 Member, but may also work into the Bilqas 1 Member if the
right palaeoenvironmental contexts are selected (waterlogged palaeo-oodbasins far from
palaeochannels). Diatoms and ostracods could potentially inform on the depth of
palaeo-lakes, the amount of eutrophication, and nature of the substrate (Griths and
Holmes, 2000; Stoermer and Smol, 1999). Of course, these past changes in the landscape
also desperately need to be put on a rm chronological footing, as discussed above.
There are some practicalities to consider with regards collecting these data. Much
geoarchaeological work in the Nile Delta would be impractical with large pieces of
eld-kit; with such high population densities and intensive agriculture, access for coring
is usually restricted to small ditches (approx. 60cm wide) and eld-paths (30cm) upon
which heavy equipment cannot be used. Nevertheless, timing eldwork to correspond
with (approx. three-week long) harvest periods, during which time elds are left without
crops for two-to-three days between gathering and replanting, can help with regards land
access.

9.2.3

Collection of palaeoenvironmental data from under-explored
regions

It would of course also be benecial to target palaeoenvironmental work to inform on the
history of the delta plain in areas that are currently more poorly-understood. As
discussed extensively in chapters 5 and 6, and visually displayed in Fig. 3.4 and in
appendix A, there is a general paucity of data from the central delta, and a lack of high
quality data (recorded at such a resolution to enable to distinguish between Bilqas 1 and
Bilqas 2 Members, for example) from both the central and southern delta. These are key
areas in which to focus future palaeolandscape reconstruction eorts.

9.2.4

Better recording of elevation data

To enable comparison between dierent datasets in an area of such low relief as the Nile
Delta, it is vitally important that the vertical elevations of all boreholes are recorded
correctly, and to the same datum. Many researchers have dened arbitrary datums, used
SRTM data, or even readouts from handheld GPS in order to estimate heights above
sea-level, or not corrected for the earth's curvature when undertaking topographic
survey. These issues are not only problematic in the delta, but occur in other areas of
Egypt  and indeed the world  which have experienced long histories of research carried
out by dierent parties (Graham et al., 2014; Shennan, 1982). Such oversights may not
matter signicantly at the local scale of archaeological investigation, but are crucial
when comparisons are made between dierent areas. One way in which modern

Chapter 9 : Conclusions

259

technology can be useful in this regard is through the use of dierential GPS to record
positional data  but then only if the same geoid model is used to convert from
ellipsoidal to orthometric heights (section 5.3.2).

9.2.5

Better understanding of settlement pattern changes

Changes in settlement patterns can be highly reective of changes in the landscape, and
provide demonstrable linkages between environmental changes and human adaptions.
However, as discussed within section 8.2, reconstructed settlement patterns in the
prehistoric Nile Delta are currently not reliable, and are primarily reective of biases in
the history of research focus, coupled with taphonomic eects, as opposed to
representing a real record of change. Some of the biases in the history of research focus
could be eliminated if there were a greater number of highly involved regional
archaeological surveys taking place, such as those being carried out by the EES (Spencer,
2016), BRS (Schiestl, 2012a) and other projects.
Unfortunately, however, taphonomic issues in the Nile Delta may prove too major to ever
be eliminated, and will likely always be a major bias present in the record of settlement
patterns. The fact remains that horizons that date from 3500 BC (for example) are on
average buried at depths of approx. 47m. Sherds sourced from these depths are not
recycled in the plough zone, and not discovered through eld-walking surveys. As such,
the discovery of a new site of this age requires a chance nd by a farmer or builder to
stimulate research activity, or for older sites to be covered by later archaeological
remains, and then for the earlier phases to be unexpectedly uncovered during excavation
of the later phases. Sites in the oodplain which were not occupied in subsequent
millennia may have vanished for ever.

9.2.6

Better understanding of overall cultural change

Finally, as outlined at the start of chapter 8, our understanding of cultural change in
prehistoric Egypt is only known from excavations at a few sites. In order to truly
understand changes taking place in human society during this time, and to inform on
specic cultural relationships with the changing environments, a more detailed
understanding of all aspects of cultural change is required. Within the context of
archaeological research, there are a number of things that could be done. First, the
situation could be substantially ameliorated by simply excavating more early sites. If the
lower layers of Minshat Abu Omar do yield Neolithic material (Krzyzaniak, 1992) then
excavation of these layers should be a priority, as it would double the number of
excavated Neolithic settlements in the central delta. The other identied site desperately
in need of excavation is Memphis  the rst Egyptian capital. Although work has taken
place at the site over the last three decades (Aston and Jereys, 2007; Bourriau, 2010;
Bourriau and Gallorini, 2016; Giddy, 2017, 2012, 1999; Jereys, 2010, 2006, 1985), the
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lower layers have never been subject to excavation. If excavation were to take place, it is
likely that our understanding of some of the political processes at the dawn of the
Egyptian dynastic era would be substantially improved.
As well as excavating more sites, it is also crucial for all archaeological investigations to
adopt an interdisciplinary methodology, in order that dierent perspectives on cultural
change can be provided, and so that drivers of cultural change can be discussed within a
holistic framework. Such a method would always incorporate archaeobotanical,
zooarchaeological and geoarchaeological studies as a standard part of archaeological
eldwork. Bioarchaeological and isotope studies could also be undertaken, which could
inform on the changing diet, for instance. Other modern techniques with very little
history of use in Egypt, such as lipid residue analysis, would also be crucial in providing
further similar information.
Furthermore, many geoarchaeological methods involving palaeoenvironmental proxies
(discussed above) can also provide a perspective on changing human-environment
interactions (in addition to informing on natural landscape changes). The history of
vegetation change as identied from pollen, of course often reects changes in human
activity as much as natural factors; information provided from XRF analysis can also
inform on human changes within the landscape as part of a multi-proxy approach.
Identication of phytoliths, measurements of phosphorous and magnetic susceptibility
can all further provide data that help in providing indications as to the extent and
nature of human activity within the oodplain, especially with regards arable practices
(French, 2003, p. 68; Smith, 1996).
Finally, and most importantly, there is a desperate need for more radiocarbon dates from
cultural contexts within Lower Egypt. This would put the history of cultural change on
a robust chronological framework independent from Upper Egypt.

9.3

Environmental change in deltaic settings and the
emergence of civilisation

Overall, during the mid-Holocene, major changes took place within a number of societies
around the globe, changes which culminated in the emergence of the world's rst
large-scale complex societies. It is interesting that these changes broadly took place
within similar environments: the uvio-deltaic regions of large river systems, and as such
it can be hypothesised that certain characteristics of these landscapes may have allowed
for these civilisations to emerge within these settings. However, any discussions of such
causality have been hampered by the fact that the fundamental nature, location, timing
and pace of landscape change within these settings has never been fully investigated.
In order to redress this shortcoming, this thesis has attempted to oer a perspective on
the nature of large-scale mid-Holocene geomorphological change in the Nile Delta, Lower
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Mesopotamia, North China and the Indus Valley, and thus provide a picture of the
palaeolandscape contexts within which the rst civilisations in these regions emerged.
These palaeolandscape contexts can now be seen to have been characterised by the
emergence and subsequent disappearance of dynamic marshy landscapes hosting
anastomosing river networks. In the Nile Delta, a substantial geological and landscape
model has further provided for a complete redenition of mid-Holocene environmental
change, and there are lines of reasoning to suggest that these shifts in the landscape
could have substantially impacted upon the course of history in this location. More work
is required to ascertain whether a similar guiding role can be ascribed to the environment
in the other early centres of culture around the globe. However, as this thesis has shown,
any discussions of contemporaneous sociocultural change in these regions needs to
incorporate an appreciation of these changing environments, and how they might have
provided for dierent opportunities for the inhabitants of the areas at dierent times.
Further work in these important regions of the world is now more urgent than ever.
Modern-day environmental pressures, mainly associated with population growth and
urban expansion, mean that archaeological sites are being destroyed at a very fast rate.
In the Nile Delta, for example, it is thought that most sites will disappear completely
within the next twenty years (Bietak, 2009). If such destruction continues without prior
documentation, the valuable data these sites contain will be lost for ever.

Appendix A

Borehole coverage of sedimentary
units
Fig. A.1 shows the locations of boreholes which contain records of each particular
sedimentary unit dened in the current synthesis. As well as providing a perspective on
the spread of the data from which the models of the thesis are derived, these diagrams
allow for delineation of the coastal zone: the area in which the Coastal Member is present
(and thus the region which is not focussed on as part of this synthesis). The boundary
between this coastal zone and the uvial area is marked as a green line in these diagrams.
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a

Modern Aeolian Member

b

c

Bilqas 1 Member

d

e

g

f

Coastal Member

Geziracover Formation

h

Bilqas 1/2 undivided

Bilqas 2 Member

Transgressive Sand Formation

Mit Ghamr Formation

Figure A.1: Maps showing the locations of boreholes which encountered: a) Modern

Aeolian Member; b) sediments of the Bilqas 1 or 2 Members but not in enough detail to
distinguish between Bilqas 1 and 2; c) Bilqas 1 Member; d) Bilqas 2 Member; e) Coastal
Member; f ) Transgressive Sand Formation; g) Geziracover Formation; h) Mit Ghamr
Formation.

Appendix B

Comparison of SRTM datasets in the
Nile Delta
Within section 5.2, three arc-second (90m) SRTM data were used to provide elevation
estimates for some borehole records as opposed to one arc-second (30m) data. This was
because statistical analysis showed that the one arc-second data consistently
underperform the three arc-second data at estimating borehole heights relative to the
Survey of Egypt datum in the Nile Delta.
The statistical analysis was accomplished very simply. First, the dierences between
boreholes' elevations known from original core records relative to the Survey of Egypt
datum, and their elevation estimates as ascertained from both 30m and 90m SRTM
1

data

were tabulated. Then, the standard deviations of their residuals were computed

(Table B.1). This was accomplished for all cores, but also separately for cores whose
locations were known to dierent degrees of horizontal resolution (since cores at a low
or medium level of horizontal accuracy may have been located within an incorrect
SRTM pixel). It can clearly be seen that the 90m data return a lower standard deviation
in the error of the residual against the SOE datum in all cases.
Table B.1:

Standard deviations of the error in the height estimate of points derived

from both the 90m and 30m SRTM datasets, where the known points are located at
dierent levels of horizontal accuracy.

Horizontal Resolution

1

σ

vs. 90m SRTM (m)

σ

vs. 30m SRTM (m)

n

High

2.29

2.44

382

Medium

3.33

3.50

936

Low

3.25

3.46

463

ALL

3.07

3.22

1781

These estimates were of course re-referenced to

1
N2008
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as detailed in section 5.3.2.

Appendix C

The Kriging process
To illustrate the Kriging process, consider an idealised, one-dimensional situation, where

n

values of

∆x

z

are known along a vector

X;

the spacing between these points is equal to

and the object of the interpolation to ascertain the values of

z

at points between

those known points. The distances between any two of the known points can thus be
expressed as

hx = ∆x j ,

where

j

is an integer.

Kriging starts by computing a function called the semivariance, a quantity which

z

represents the degree of spatial autocorrelation in
points a certain distance apart along the vector
corresponding to a particular value of
variance of the quantity

zi+j − zi

j,

X.

that is observed to occur between
For such a distance

the semivariance

γhx

hx ,

is dened as half the

(Equation C.1).

n

γhx

1 X
=
(zi+j − zi )2
2n

(C.1)

i=1

This quantity,

γhx ,

is plotted against distance

hx

in a graph called a semivariogram,

which displays the degree of variability (γhx ) observed within the dataset as a function
of distance

hx

(equivalently,

j ).

At small distances (low values of

points display broadly similar values (represented by low

γhx ),

hx ),

neighbouring

but moving further away

the values become more disparate, displaying higher values for the semivariance. At
some distance (the range), the semivariogram attens and forms a sill (Figure C.1).
This represents the distance over which data are no longer spatially autocorrelated; the
semivariance at distances greater than this point is simply that of the total dataset.
Once the data have been plotted as an empirical semivariogram, a synthetic model is
tted to the graph. The synthetic model can be one of ve basic forms: Exponential,
Gaussian, Linear, Circular or Spherical (Fig. C.1), and is tted to the empirical
semivariogram using a basic least-squares method. Each basic shape can be adjusted to
better t the data by varying the range, sill, and also the nugget: a discontinuity at the
origin due to measurement errors and data variation at very ne scales. This synthetic
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(a) Exponential

(b) Exponential
nugget

with

(c) Gaussian

(d) Gaussian
nugget

with

(e) Linear

(f) Linear with nugget

(g) Spherical

(h) Spherical
nugget

with

Figure C.1: Example semivariograms. After Rockware (2008).

semivariogram is nally used as the basis for computing the weighting parameters for use
in Equation 6.1 (page 131), which are given by the solutions of the set of equations

i

represented by Equation C.2 for all values of

n
X

from 1 to

n

(Davis, 1973, p. 386).

ai γ(zi −zj ) = γ(zi −zx0 ) − λ

(C.2)

j=1

Here,

γ(zi −zj )

points

zi

and

represents the semivariance that corresponds to the distance

zj ,

read o the synthetic semivariogram, whilst

represents the semivariance corresponding to the distance
point being interpolated

z x0 .

The constant

λ

h

γ(zi −zx0 )

h

between

similarly

between points

zi

and the

is unique for every interpolated point, and

can be used as an independent estimator of the error in the interpolated value (σ

2 (z

x0 ))

using Equation C.3 (Davis, 1973, p. 388).

σ 2 (zx0 ) = λ +

n
X

aj γ(zi −zx0 )

(C.3)

j=1

Of course, in a real-world example, points are not all arranged along a single vector at
equal intervals of

∆,

but are distributed in two dimensions, and are at a series of unequal

intervals from each other. The object of the interpolation is also usually to create a
surface from this data, rather than a line. To account for the two-dimensional
distribution of the data, synthetic variograms are therefore t along various dierent
vectors (Figure C.2). These vectors are arranged in predened directions (spokes), with a
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Figure C.2: Example of how the Kriging process searches for points in 2 dimensions.

After Rockware (2008).

◦

set spacing between them. The spacing could be, for example, 45 . A family of
semivariograms are thus created  one along each vector  and combined in order to
provide the weighting coecients. To account for the fact that points are not arranged
exactly on each vector, a spoke tolerance is dened, which is an angular distance
around each vector within which points are assumed to lie on the vector. Thus an

◦ would usually have a tolerance of 22.5◦ , in

interpolation using a spoke spacing of 45

order that no data points are missed. Finally, to account for the fact that the points are
not arranged at a series of equal intervals, a series of concentric rings at dened intervals
(distance increments), each having a locus (or tolerance) within which points are
assumed to lie on the ring.

Appendix D

Stratied dates from the uvial zone
of the Nile Delta
Table D.1 overleaf provides the available chronostratigraphic information from within
cores in the uvial zone of the Nile Delta.
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Table D.1: Stratied dates from the uvial zone of the Nile Delta. All radiocarbon

dates have been recalibrated according to IntCal13 (Reimer et al., 2013).

Bilqas

1/Bilqas 2 indicates the contact between the units; Bilqas 1/2 indicates undivided
deposits.
Depth max

Depth min

Type

RC date BP

Error

BC max

BC min

Unit

Reference

S4

1.45

0.95

14 C

2990

90

1432

974

Bilqas 1

Stanley et al. (1996)

S4

2.95

2.45

14 C

2150

100

397.5

-49

Bilqas 1

Stanley et al. (1996)

S4

5.75

5.25

14 C

4080

130

2922

2209

Bilqas 1

Stanley et al. (1996)

S4

8.25

7.75

14 C

5330

120

4446

3822

Bilqas 2

Stanley et al. (1996)

S4

10.35

9.85

14 C

5510

150

4687

3996

Bilqas 2

Stanley et al. (1996)

6880

100

5981

5625

Bilqas 2

Stanley et al. (1996)

7020

120

6198

5662

Bilqas 2

Stanley et al. (1996)

S4

12.45

11.95

14 C

S4

14.25

13.75

14 C

S5

2.55

2.05

14 C

1450

80

-416

-763.5

Bilqas 1/2 over Coastal

Stanley et al. (1996)

S5

5.25

4.75

14 C

2450

80

779.5

400

Bilqas 1/2 over Coastal

Stanley et al. (1996)

1.75

14 C

1910

70

83

-318.5

Bilqas 1/2 over Coastal

Stanley et al. (1996)

S6

2.25

S6

6.05

5.55

14 C

3750

60

2399

1971

Bilqas 1/2 over Coastal

Stanley et al. (1996)

S7

1.75

1.25

14 C

2340

90

756.5

202

Bilqas 1/2 over Coastal

Stanley et al. (1996)

S7

2.25

1.75

14 C

4230

100

3094

2494

Bilqas 1/2 over Coastal

Stanley et al. (1996)

3805

40

2454

2133

Bilqas 1/2 over Coastal

Stanley et al. (1996)

2110

100

382

-65

Bilqas 1/2 over Coastal

Stanley et al. (1996)

S7

2.95

2.45

14 C

S7

3.75

3.25

14 C

S7

5.25

4.75

14 C

6300

100

5475

5029

Bilqas 1/2 over Coastal

Stanley et al. (1996)

S9

3.05

2.55

14 C

3740

150

2571

1747

Bilqas 2

Stanley et al. (1996)

3.85

14 C

5140

80

4225

3712

Bilqas 2

Stanley et al. (1996)

S9

4.35

S23

1.71

1.21

14 C

2490

80

789.5

413

Bilqas 1/2 over MG

Stanley et al. (1996)

S24

1.098

0.598

14 C

4130

180

3326

2200

Bilqas 1/2 over MG

Stanley et al. (1996)

1.13

14 C

2500

170

1010

198

Bilqas 1/2 over MG

Stanley et al. (1996)

S26

1.63

S26

2.66

2.16

14 C

2820

120

1374

792.5

Bilqas 1/2 over MG

Stanley et al. (1996)

S26

5.79

5.29

14 C

4370

170

3515

2574

Bilqas 1/2 over MG

Stanley et al. (1996)

S26

6.48

5.98

14 C

4210

90

3022

2496

Bilqas 1/2 over MG

Stanley et al. (1996)
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Core

Core

Depth max

Depth min

Type

RC date BP

Error

BC max

BC min

Unit

Reference

S32

7.75

7.25

14 C

5880

170

5208

4373

Bilqas 1/Bilqas 2

Stanley et al. (1996)

S32

12.15

11.65

14 C

7100

130

6227

5727

Bilqas 2

Stanley et al. (1996)

4.35

14 C

3260

80

1742

1322

Bilqas 1

Stanley et al. (1996)

6870

170

6059

5485

Bilqas 2

Stanley et al. (1996)

7240

90

6352

5920

Bilqas 2

Stanley et al. (1996)

S37

4.85

S37

13.05

12.55

14 C

S38

13.05

12.55

14 C

S38

13.95

13.45

14 C

7210

130

6380

5839

Bilqas 2

Stanley et al. (1996)

S39

2.35

1.85

14 C

3840

100

2571

2022

Bilqas 1/2

Stanley et al. (1996)

S39

3.25

2.75

14 C

4540

290

3954

2490

Bilqas 1/2

Stanley et al. (1996)

S44

1.05

0.55

14 C

2570

70

889.5

429

Bilqas 1

Stanley et al. (1996)

S44

3.25

2.75

14 C

4870

80

3927

3380

Bilqas 1

Stanley et al. (1996)

S44

4.35

3.85

14 C

3980

80

2857

2209

Bilqas 1/Bilqas 2

Stanley et al. (1996)

S44

5.45

4.95

14 C

4870

80

3927

3380

Bilqas 2

Stanley et al. (1996)

S44

7.85

7.35

14 C

3260

90

1752

1302

Bilqas 2

Stanley et al. (1996)

S44

10.75

10.25

14 C

6370

180

5640

4907

Bilqas 2

Stanley et al. (1996)

S44

2.5

1.5

Pottery

X

X

323

30

Bilqas 1

Warne and Stanley (1993a)

S44

5

4

Pottery

X

X

664

323

Bilqas 2

Warne and Stanley (1993a)

S44

10

9

Pottery

X

X

1650

1550

Bilqas 2

Warne and Stanley (1993a)

S54

4.85

4.35

14 C

3080

70

1497

1127

Bilqas 1/Bilqas 2

Stanley et al. (1996)

3.11

14 C

2420

110

802

230

Bilqas 1

Stanley et al. (1996)

3400

100

1949

1454

Bilqas 1/Bilqas 2

Stanley et al. (1996)

4170

90

2919

2487

Bilqas 2

Stanley et al. (1996)

S55

3.61

S55

5.82

5.32

14 C

S55

7.27

6.77

14 C

S66

7.25

6.75

14 C

4020

100

2875

2291

Bilqas 1

Stanley et al. (1996)

S66

9.75

9.25

14 C

3950

70

2830

2205

Bilqas 2

Stanley et al. (1996)

S86

1.78

1.28

14 C

1690

80

-139

-540.5

Bilqas 1

Stanley et al. (1996)

7.88

7.38

4910

100

3956

3384

Bilqas 1

Stanley et al. (1996)

S86

17.03

16.53

14 C

6430

110

5621

5206

Bilqas 2

Stanley et al. (1996)

S87

0.86

0.36

14 C

1720

80

-127

-535.5

Bilqas 1/2

Stanley et al. (1996)
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14 C
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Depth max

Depth min

Type

RC date BP

Error

BC max

BC min

Unit

Reference

S87

9.1

8.6

14 C

7030

130

6205

5665

Bilqas 1/2

Stanley et al. (1996)

3.27

3.07

14 C

4079

??

2

2895

2347

Bilqas 1

de Wit (1993)

4421

2
??

3362

2888

Bilqas 1

de Wit (1993)

5250

??

2

4329

3805

Bilqas 1

de Wit (1993)

5298

4801

Bilqas 2

de Wit (1993)

AUSE1

1

1
AUSE2

3.27

3.07

14 C

1

4.7

4.5

14 C

1
AUSE4

3
??

3
??

14 C

6110

2
??

AUSE3

D21

6.5

5.5

14 C

5045

125

4226

3537

Bilqas 2

Andres and Wunderlich (1992)

D71

7.25

6.5

14 C

3975

80

2855

2208

Bilqas 2

Andres and Wunderlich (1992)

D5

9.68

8.68

14 C

6900

200

6210

5481

Bilqas 2

Andres and Wunderlich (1991)

D4

6

5

14 C

4095

30

2861

2501

Bilqas 2

Andres and Wunderlich (1991)

4.92

14 C

4870

95

3941

3377

Bilqas 2

Andres and Wunderlich (1991)

D8
D22

3.85

3.15

14 C

3175

215

1971

904

D22

6.85

6.15

14 C

3215

150

1886

1112

4
Bilqas 1/Bilqas 2
4
Bilqas 1/Bilqas 2

7

14 C

5690

130

4841

4324

Geziracover?

4.5

14 C

4755

130

3894

3102

Bilqas 1/2

5.65

14 C

4755

75

3654

3367

Bilqas 2

D46
P115
P115

4.6
5.8

4
5

Andres and Wunderlich (1992)
Wunderlich (1989)

5

Wunderlich (1989)

P115

6.5

6.35

6150

55

5285

4940

Bilqas 2

Wunderlich (1989)

6.7

6.65

14 C

6800

200

6071

5361

Bilqas 2

Wunderlich (1989)

P87

7.45

7.35

14 C

5970

180

4941

4360

Bilqas 2

Wunderlich (1989)

P02

7.75

7.55

14 C

4595

55

3517

3102

Bilqas 2

Wunderlich (1989)

P04

9

8.7

14 C

4600

45

3356

3029

Bilqas 2

Wunderlich (1989)

7.3

14 C

4510

90

3497

2920

Bilqas 2

Wunderlich (1989)

8.35

14 C

6140

125

4250

3660

Bilqas 2

Wunderlich (1989)

7.55
8.55

The AUSE radiocarbon dates come variously from cores AUSE1352, AUSE1351, AUSE1440, AUSE1453, AUSE1452; it is not known which exactly.
The AUSE radiocarbon dates were presented by de Wit (1993) as calibrated according to Stuiver and Kra (1986) but with no error estimates; for BC estimates these

were uncalibrated using Oxcal, then recalibrated to IntCal13 with a nominal error introduced of

3

Andres and Wunderlich (1992)

P115

P24

2

7.6

Andres and Wunderlich (1992)

14 C

P24

1

5.92

±10014 C

yr.

No depth was ever given for this date.
Two radiocarbon dates come from within channel ll deposits that are contemporary with the transition from Bilqas 2 to Bilqas 1.
The small number of dates collected on carbonate nodules in this paper were ignored due to concerns over reservoir eects.
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Core

Core

Depth max

Depth min

Type

RC date BP

Error

BC max

BC min

Unit

Reference

P08

8.4

8

14 C

6135

75

5294

4850

Bilqas 2

Wunderlich (1989)

P51

7.4

7.2

14 C

5840

120

5004

4403

Bilqas 2

Wunderlich (1989)

P52

7.15

6.95

14 C

5720

135

4901

4328

Bilqas 2

Wunderlich (1989)

P18

7.2

6.75

14 C

5870

70

4927

4547

Bilqas 2

Wunderlich (1989)

P12

6.9

6.3

14 C

6810

140

4995

4360

Bilqas 2

Wunderlich (1989)

P13

7.25

6.95

14 C

5610

45

4527

4353

Bilqas 2

Wunderlich (1989)

P27

6.85

6.7

14 C

5700

175

5002

4081

Bilqas 2

Wunderlich (1989)

P39

7

6.9

14 C

5930

120

5205

4519

Bilqas 2

Wunderlich (1989)

P37

4.55

4.15

14 C

2765

80

-126

-402

Bilqas 1

Wunderlich (1989)

P37

5.25

5.15

14 C

4490

150

3632

2876

Bilqas 2

Wunderlich (1989)

P35

5.15

4.8

14 C

4540

150

3632

2904

Bilqas 1

Wunderlich (1989)

P34

6

5.85

14 C

4250

185

3487

2345

Bilqas 2

Wunderlich (1989)

P121

3.85

2.45

Pottery

X

X

3800

3200

Bilqas 1

Wunderlich (1993)

AV02AV54

4.1

3.9

OSL

X

X

6740

5080

Geziracover

AV02AV54

5.1

4.9

OSL

X

X

11190

8990

Mit Ghamr

Tronchère et al. (2012)

AV02AV54

6.6

6.4

OSL

X

X

14790

11590

Mit Ghamr

Tronchère et al. (2012)

Sais

10

6.5

Pottery

X

X

5500

3900

Bilqas 2

Wilson (2006b)

MUWDS

4

3

Pottery

X

X

300

0

Bilqas 1/2

Kom Geif

5.6

4.9

Pottery

X

X

650

330

Bilqas 1

Pennington (unpublished)

4.6

3.6

Pottery

X

X

3200

3000

Bilqas 1/2

van den Brink (1992)

4

3

Pottery

X

X

3300

2890

Bilqas 1/2

Hamdan (2003)

10

KHD

7
8
9
11

11

9

Younger dates in this paper were not included as they were from anthropogenically modied contexts.
Neolithic pottery layers were consistently found at these depths.
Cores Jinbawy-2 and Jinbawy-3 found Ptolemaic pottery around 3m deep; also at Dinshal around 3-4m deep.
Archaeological levels contemporary with Late Period Naukratis persist in the nearby hinterland at 4.9-5.6m below the ground surface. See chapter 4.
Tell Ibrahim Awad.
Kafr Hassan Dawood.

275

10

7

8
Wilson (2007)

TIA

6

6

Tronchère et al. (2012)
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Core
KA/KW

12

Tell Mutubis

13
14

Depth min

Type

RC date BP

Error

BC max

BC min

Unit

3.9

3.5

Pottery

X

X

600

30

Bilqas 1

Pennington (unpublished)

Reference

2.5

2

Pottery

X

X

30

-700

Bilqas 1

Pennington (unpublished)

Kom al-Ahmer/Kom Wasit.
Archaeological levels contemporary with early settlement at Kom al-Ahmer persist in the nearby hinterland at 3.5-3.9m below the ground surface. See chapter 4.
Archaeological levels contemporary with settlement at Tell Mutubis persist in the nearby hinterland at 2.0-2.5m below the ground surface. See chapter 4.

13
14
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12

Depth max

Appendix E

Landscape evolution of the
mid-Holocene Nile Delta 
methodology
This appendix provides the full methodology for the construction of Figures 7.6 to 7.9.

1. To establish the overall sedimentary facies evolution of the uvial delta surface
through time, each individual data point in Table D.1 was studied in terms of its
date range and its hosting unit. This allowed an appreciation of in which areas of
the delta and at which points in time dierent sedimentary units were being
deposited. The analysis considered the full 95% probability window for each date.
Based on this, four dierent maps were created: one at c. 6000 BC; another at c.
55004000 BC; a third at c. 3500 BC and a nal map at c. 2500 BC.
2. The known extents of dierent landscapes in the coastal zone at these times
(Stanley and Warne, 1998, 1993a), and the changing positions of the
palaeo-shoreline were overlain onto the maps.
3. The data from each area considered in the location-specic aggradation models of
Fig. 7.4 were collapsed onto a point location, calculated as the centroid of the
locations from which the data came for each particular model. The average
aggradation history of the area was then mathematically assumed to represent the
aggradation history of this point.
4. Through a process of interpolation, the three age-depth models for each location on
Fig. 7.4 (max, mid, min) were used to extract the max, mid and min
depth of deposits below the present day surface at 2500 BC; 3500 BC; 4000 BC;
4500 BC & 5500 BC, for each point location considered.
5. For each time period (and max/mid/min), a surface was interpolated in ArcGIS
(Tools>Spatial Analyst>Interpolation>IDW at power 2) between the six point
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278

Appendix E : Landscape evolution of the mid-Holocene Nile Delta  methodology
locations of step 3. Each of these (fteen) iso-time surfaces represented an
estimate of the depth below the modern surface at which lie deposits of the Bilqas
Formation of equal age.

6. Since it was concluded (section 7.1.2) that no dierential autompaction has taken
place within the Holocene sequence at the regional scale, these iso-time depth
surfaces give the height of the aggradating oodplain surface  the Bilqas
Formation  at any one time period. From each of these surfaces was taken away
the depth of the underlying pre-delta topography (made up of the Geziracover
and Mit Ghamr Formations and displayed in Fig. 6.77) using the Spatial
Analyst>Math>Minus tool in ArcGIS. Areas where the underlying topography
was at a higher elevation than the iso-time surface at a particular time would
have thus been protruding at a known elevation above the ancient delta plain (with
the elevation above the plain given by the dierence between the two surfaces).
Conversely, all areas where the underlying topography was at a lower elevation at a
particular time would have been blanketed by Bilqas sediments. The locations and
elevations (above the ancient delta plain) of the turtlebacks derived from the min
depth models for each time-slice are displayed on Fig. 7.6; those derived from the
max depth models are shown on Fig. 7.8; those derived from the mid depth
models are shown on Fig. 7.7.
7. In order to select between the three sets of aggradation histories derived from the
stratied depth-age information, a further piece of information was used: the
modelled top surface of the Bilqas 2 Formation (Fig. 6.79). The holes in this
surface are areas of extant turtlebacks at the time the unit ceased to be deposited,
and as such can be used as an independent estimate of the height of the aggrading
oodplain surface at a particular point in time (the time when Bilqas 2
sedimentation gave way to Bilqas 1 deposition). Of course, Bilqas 2 deposition did
not give way to Bilqas 1 sedimentation in a single instant, but over a period of
many years, and this surface is not an iso-time surface. However, with an
appreciation of the times in which the Bilqas 2 unit did give way to Bilqas 1
deposition in particular areas (point 1 above) it can be seen that the min
aggradation history model (Fig. 7.6) is not appropriate: this model fails to
replicate the large turtlebacks suggested by the extensive holes in the top surface
of the Bilqas 2 unit. The best model appears to lie somewhere between the max
and mid models. A depth-age model half-way between these two was therefore
created in MS Excel, and run to produce the nal output (Fig. 7.9), which
represents the best estimate of the landscape evolution.

Appendix F

Archaeobotanical and
zooarchaeological nds from the Nile
Delta
This appendix explains the method by which Figures 8.11 to 8.13 were created, and
provides the corresponding gures for the archaeobotanical remains.

Denitions

Where these terms appear in

bold, they should be interpreted exactly as below; if they

appear in normal font, they may take a more general meaning.

 Find=

For zooarchaeological data, a recorded fragment of an animal or derivative

thereof, recorded on a NISP basis (MNI data are lacking in most instances). For
archaeobotanical data, a single remain of a plant.

 Taxum (taxa)=

The organism from which a particular

nd is derived, at the

highest level of taxonomic resolution recorded (e.g. Trifolium sp./Aythyinae).

 Edible

= Indicates a

taxum which is known to be edible, but may or may not

have been eaten.

 Eaten

= Indicates a

taxum which is denitely thought to have been eaten.

 Inedible

= Indicates a

 Type(s)

= A group of closely-related

which

taxum which is known to be inedible.
edible taxa (e.g.

taxa are included in each type.
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 Phase(s)

= An individually resolved occupation phase of a particular excavated

archaeological site, which can be mapped onto a particular date range.

 Set(s) of nds

= The total assemblage of either (but not both) archaeobotanical

or zooarchaeological

nds from a particular phase, grouped by type.

 Set(s) of edible nds

= The total assemblage of either (but not both)

archaeobotanical or zooarchaeological

edible

nds from a particular phase, grouped by

type, after excluding those nds which were recorded at a very crude level of
taxonomic accuracy.

 Set(s) of edible eaten nds

= The total assemblage of either (but not both)

edible & presumed eaten archaeobotanical or zooarchaeological nds from a
particular phase, grouped by type, after excluding those nds which were
recorded at a very crude level of taxonomic accuracy.

Method

nds from all Neolithic, Predynastic and Early Dynastic Nile Delta
sites was collated based on a survey of the literature, and the average sets of edible
eaten nds for both archaeobotanical and zooarchaeological material were determined
across i) all phases of sites at the desert edge; ii) phases of all sites within the Bilqas 2
environment; iii) phases of all sites within the Bilqas 1 environment. These average sets
of edible eaten nds are grouped by type according to Table F.1. The
A database of all

zooarchaeological data are displayed in chapter 8 while the archaeobotanical data are
shown below and are not included in the main body of the thesis for the reasons given
therein.
As outlined in the denitions above, these gures necessarily do not include all

nds

edible and eaten, meaning that
wild carnivores and birds of prey are excluded (both are essentially inedible), as are
present, but include only those which: i) are deemed

marine shells, which are assumed to have had a purely ornamental value (Rizkana and
Seeher, 1989, pp. 7677); ii) were identied in the records to a level of taxonomic
precision which allows for their assignment to a

type (Table F.1); and iii) are then

present at an abundance of 0.05% or greater in the remaining oral record, and 0.1% or
more in the faunal record.
The resulting diagrams are not designed to provide a direct indication of the
representative contribution of dierent species to the diet. There would be numerous
problems in considering it as so:

1. The archaobotanical record in Egypt is not quantitatively representative of human
consumption patterns. Since only charred plant material is usually preserved in
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Egypt (Thanheiser, 1992a), the archeobotanical record mainly comprises plants
burnt for fuel or intentionally discarded into the re. Given that it is thought that
the ancient Egyptians used dung cakes from domestic herbivores as their primary
fuel (especially cattle), this means the archaeobotanical record is mainly thought to
be made up of: i) fragments of grazed plants which passed through the stomachs of
herbivores and ended up in their dung; ii) plant fragments used as temper whilst
making dung cakes; iii) cereal components and weeds intentionally discarded whilst
emmer (which was stored as spikelets) was being nally prepared for consumption
(Thanheiser, 1992b; Wetterstrom and Wenke, 2016).

nds represent very dierent quantities of food (compare a
hippopotamus bone with a single lentil: both are classied as one nd).

2. Dierent

3. The zooarchaeological data are not presented on a MNI basis, so there is a bias
towards organisms which produce large numbers of fragments in the fossil record.
4. Many

types would have been harvested for dual purposes, conating nutritional

and other records. For example, Synodontis catsh spines were also used for
making arrows (Boessneck et al., 1989; Makowiecki, 2012); hippopotamus bones
were also used as anvils (Rizkana and Seeher, 1989, p. 70); parts of antelopes may
have had a more ritualistic use (Boessneck et al., 1989); mollusc shells were used as
cosmetic dishes, spoons and scoops, and ostrich eggshells as water containers
(Debono and Mortensen, 1990); nets were made from Phragmites reeds while ropes
were woven from halfa grass (Tassie, 2014, p. 226).
5.

Finds were not collected using the same methodologies at all sites.

6. Material excavated from dierent archaeological contexts does not have an equal
likelihood of representing part of the palaeodiet.

Table F.1: Assignment of

taxa to types.

Specic names in brackets are those most

usually encountered within the records.

Type

Taxa

BAGRID

Bagrus (docman, bayad)

CLARIID

Clarias, Heterobranchus

SYNODONTIS

Synodontis (schall)

PERCH

Lates (niloticus)

TILAPIA

Oreochromis niloticus

ALESTES

Alestes, Hydrocynus

CYPRINIDS

Cyprinidae

BICHIR

Polypterus

ELEPHANTFISH

Mormyridae

MULLET

Mugil

FAHAKA

Tetraodon lineatus
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Continued from previous page

Type

Taxa

RIVER MUSSEL

Aspatharia, Mutela, Etheria

RIVER SNAIL

Melanoides, Cleopatra

DUCK

Anas, Aythya

GOOSE

Anser, Tadorna, Alopochen

RAIL

Rallidae

AEQUORNITHES

Ciconiiformes, Pelecaniformes, Suliformes

TRIONYX

Trionyx triunguis

CROCODILE

Crocodylus niloticus

HIPPO

Hippopotamus amphibus

FROG

Rana, Bufo

LAND SNAIL

Eremina (desertorum)

OSTRICH

Struthio camelus

QUAIL

Coturnix coturnix

TESTUDO

Testudo (kleinmanni)

ANTELOPE

Antilopinae, Alcephalinae

RODENT

Murinae, Gerbillinae

PIG

Sus scrofa

EQUUS

Equus (africanus, caballus, hemionus)

COW

Bos primigenius

SHEEP

Ovis aries

GOAT

Capra hircus

DOG

Canis lupus

WHEAT

Triticum (dicoccum)

BARLEY

Hordeum (vulgare)

CANARYGRASS

Phalaris

RYEGRASS

Lolium

BROOM

Bromus

WHEATGRASS

Agropyron

VETCH

Vicia

PEA

Pisum, Lathyrus, Galium

SCORPIURUS

Scorpiurus (muricatus)

LENTIL

Lens

LINSEED

Linum

ACACIA

Acacia

WATER CHESTNUT

Eleocharis

FIG

Ficus

GRAPE

Vitis

DATE

Phoenix dactylifera

DOCK

Polygonum, Rumex

CHENOPODIUM

Chenopodium, Atriplex
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Type

Taxa

MALLOW

Malva

BRASSICAS

Brassica, Sinapis

TAMARISK

Tamarix

CLOVER

Trifolium, Meliotus, Medicago

PLANTAIN

Plantago

AMARANTH

Amaranthus

SEEPWEED

Suaeda

ASTEROIDEAE

Anthemidae, Inulae, others

GALIUM

Galium

CAMPION

Silene

SUGARCANE

Saccharum

SEDGES

Cyperus, Carex, Eleocharis, Schoenoplectus, Scirpus

REEDS

Phragmites

RADISH

Raphanus

PONDWEED

Potamogeton

SCILLOIDAE

Muscari, Bellevalia
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Figure F.1: Average

CANARYGRASS

DOCK

TAMARIX

SUGAR_CANE

DATE

LINSEED

FIG

RYEGRASS

VETCH/PEA

ACACIA

ASTEROIDAE

WHEAT

BARLEY

0

set of edible eaten nds for archaeobotanical data for desert-

edge sites (all periods). Data from Maadi and el-Omari (Barakat, 1990; Debono, 1948;
Helbaek, 1953; Kroll, 1989; Täckholm, 1990; van Zeist and de Roller, 1993).

25

%

20
15
10
5

Figure F.2:

Average

set of edible eaten nds

within the Bilqas 2 environment.

GALIUM

RADISH

SCORPIURUS

SCILLOIDAE

WHEATGRASS

ASTEROIDAE

BROOM

MALLOW

LENTIL

SEEPWEED

SEDGES

CLOVER

CANARYGRASS

DOCK

BARLEY

VETCH/PEA

CHENOPODIUM

RYEGRASS

WHEAT

0

for archaeobotanical data for sites

Data from Sais and the lowest layers of Buto

(Thanheiser, 1997, 1991; Wilson et al., 2014).
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LENTIL

SEEPWEED

GRAPE

REEDS

BROOM

LINSEED
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FIG
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ASTEROIDAE

CHENOPODIUM
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SCILLOIDAE

CLOVER

BARLEY

VETCH/PEA

DOCK

RYEGRASS

WHEAT

Figure F.3:

CANARYGRASS

0

for archaeobotanical data for sites

within the Bilqas 1 environment. Data from Tell Ibrahim Awad, Tell el-Iswid S, Kom elHisn and Buto (de Roller, 1992, 1989; Moens and Wetterstrom, 1988; Thanheiser, 1997,
1992a, 1991; van Zeist, 1988; Wenke et al., 1988).
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−40

Figure F.4: Percentage change in the average archaeobotanical assemblage from sites

within the Bilqas 2 environment to those within the Bilqas 1 environment.
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The evolution of the Nile Delta, the largest delta system in the Mediterranean Sea, has both high
palaeoenvironmental and archaeological signiﬁcance. A dynamic model of the landscape evolution of
this delta system is presented for the period c.8000e4500 cal BP. Analysis of sedimentary data and
chronostratigraphic information contained within 1640 borehole records has allowed for a redeﬁnition
of the internal stratigraphy of the Holocene delta, and the construction of a four-dimensional landscape
model for the delta's evolution through time. The mid-Holocene environmental evolution is characterised by a transition from an earlier set of spatially varied landscapes dominated by swampy marshland, to better-drained, more uniform ﬂoodplain environments. Archaeologically important Pleistocene
inliers in the form of sandy hills protruding above the delta plain surface (known as “turtlebacks”), also
became smaller as the delta plain continued to aggrade, while the shoreline and coastal zone prograded
north. These changes were forced by a decrease in the rate of relative sea-level rise under high rates of
sediment-supply. This dynamic environmental evolution needs to be integrated within any discussion of
the contemporary developments in the social sphere, which culminated in the emergence of the Ancient
Egyptian State c.5050 cal BP.
© 2017 Elsevier Ltd. All rights reserved.
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1. Introduction
The present Nile Delta is the latest in a long series of deltaic
formations, probably going back to the Miocene (Said, 1981). A large
amount of research has been undertaken on the Pleistocene and
earlier history of the region, mainly as a result of oil exploration
(Abu El-Ella, 1990; Rizzini et al., 1978; Said, 1981, 1971; Schlumberger, 1995), but the Holocene landscape evolution of the area
remains quite poorly understood in comparison with the rest of the
Nile system. In the upper catchment of the White Nile (Cockerton
et al., 2015), Blue Nile (Marshall et al., 2011), at the Nile conﬂuence (Williams et al., 2015) and especially through the Egypt-Sudan
desert reach (Honegger and Williams, 2015; Macklin et al., 2013;
Vermeersch and Van Neer, 2015; Woodward et al., 2015, 2001),
much recent work has reported on Holocene landscape succession,
relationships between the changing landscape, human settlement
and culture, and the varying roles of climatic and other drivers of
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change in effecting these changes.
It is only the Holocene evolution of the delta's coastal margin
that is understood to a level comparable with the rest of the Nile
system (Stanley and Warne, 1993a). The evolution of the extensive
ﬂuvial plain (approx. 15,000 km2) is less-well known, despite a
number of attempts at a delta-wide synthesis over the last century
(Bietak, 1975; Butzer, 2002, 1976, 1974; Fourtau, 1915; Hassan, 1997;
Said, 1992; Sandford and Arkell, 1939; Stanley and Warne, 1993a, b).
This is surprising, given the region's importance in the formative
period of the world's ﬁrst nation state of Ancient Egypt, and its
modern-day importance for the nation of Egypt, containing half of
the country's agricultural land and population. A better understanding of the mid-Holocene evolution of this area, south of the
zone dominated by coastal processes e is urgently needed.
The most recent landscape synthesis of this region (Butzer,
2002) relied solely on lithostratigraphic and chronostratigraphic
data collected prior to 1991. Since that time, and especially over the
past ten years, numerous teams have carried out geological and
geoarchaeological research in the delta, providing a wealth of data
on the development of the landscape, none of which has ever been
integrated into a delta-wide Holocene landscape synthesis.
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This paper incorporates this recent and ongoing research to
provide a new and updated perspective on the evolving midHolocene landscapes of the delta, a perspective which needs to
be integrated into discussions of the emergence of the ancient
Egyptian state, and other sociocultural and economic history
e. The vast deltaic plain
studies of the region over the longue dure
was the breadbasket of Ancient Egypt, containing the largest
amount of cultivatable land in the country, but without a detailed
palaeoenvironmental model its landscape history cannot be truly
integrated into a geoarchaeological synthesis (Clarke et al., 2016;
Hassan, 2010, 2009; Macklin and Lewin, 2015).
The paper focusses on the time period c. 8000 to 4500 cal BP, as
this covers the period of greatest geomorphological change, during
which sea-level was approaching its modern-day position (Fleming
et al., 1998), and the modern Nile hydroclimatic system was being
established, as the “African Humid Period” gave way to more arid
conditions (Shanahan et al., 2015). This is also a time period
without substantial human factors contributing to and complicating the remodelling of the deltaic landscapes, but is an episode
crucial for understanding the palaeoenvironmental context of
Ancient Egyptian state formation.

sediments of the Bilqas Formation, which lie unconformably on top
of the thick, sandy Mit Ghamr Formation (Rizzini et al., 1978),
whose top surface comprises the erosion remnant of a buried alluvial landscape formed under a different hydrological regime
(Adamson et al., 1980; Stanley and Warne, 1993a). Some of these
remnants protrude above the modern delta surface as sandy hills,
known as “turtlebacks”, or “gezira” (Judd, 1897).
The plain is densely populated and farmed such that little natural vegetation remains. Almost all the water inﬂux to the region is
provided by the river Nile. This river displays pronounced seasonality, related to the differing catchments of its three main tributaries. The Blue Nile and Atbara drain the Ethiopian Highlands and
provide the majority of the Nile's annual discharge and sediment
ﬂux during the Nile ﬂood between July and October, while the
White Nile drains Central Africa, provides minor year round
discharge but only accounts for 3% of the sediment ﬂux (Woodward
et al., 2015). Since the damming of the river at Aswan the Nile
through Egypt has not ﬂooded.

1.1. Regional setting

The Nile Delta developed during a period of decreasing rates of
sea-level rise and high sediment supply within the mid-Holocene.
Initially, high rates of relative sea-level rise stimulated high rates of
ﬂoodbasin aggradation, and gave rise to the associated development of a swampy, wetland landscape dominated by the formation
of crevasse splays (Fig. 2). High rates of base-level rise would have
resulted initially in a reduction of the river gradient, causing a
corresponding decrease in energy to transport sediment, and
elevated in-channel aggradation rates. These high rates of inchannel aggradation would have in turn led to channel superelevation, since to maintain constant volumetric ﬂow the channels
would have built their margins above the surrounding ﬂoodplain
(Jerolmack and Mohrig, 2007; Mohrig et al., 2000). Superelevation

The Nile Delta is an alluvial plain in the north of Egypt (Fig. 1)
constituting by far the largest continuous expanse of agricultural
land in the country. Bounded by desert to both the east and west, its
apex is at Cairo, where the river divides into two main distributaries: the Rosetta and Damietta, which discharge over the
triangular-shaped alluvial plain and ﬂow north into the Mediterranean. Many more distributaries existed in prior time periods
(Butzer, 2002; Hassan, 1997), and the apex of the network was also
further south (Bunbury, 2013; Lutley and Bunbury, 2008).
The geology of the alluvial plain is relatively simple. The Holocene deposits are mainly represented by a thin veneer of silty

2. Towards a uniﬁed model for mid-Holocene ﬂuvio-deltaic
evolution

Fig. 1. Map of the Nile Delta (SRTM data). The locations of ancient river branches are after Bietak (1975); Butzer (2002); the extent of maximum transgression is as given by Stanley
and Warne (1993a). Selected archaeological sites are also shown.

214

B.T. Pennington et al. / Quaternary Science Reviews 170 (2017) 212e231

Fig. 2. The LSC landscape of the early mid-Holocene, in equilibrium with high rates of sea-level rise. Modiﬁed after Weerts (1996).

in turn would have led to widespread crevassing, frequent avulsion,
and high rates of ﬂoodplain aggradation (Aslan et al., 2005;
Jerolmack, 2009; Kraus, 1996; Kraus and Aslan, 1993; Phillips,
2011; Mohrig et al., 2000; Slingerland and Smith, 2004). Rapid
ﬂoodplain aggradation then inhibited soil formation and resulted in
rez-Arlucea,
the development of a wetland landscape (Smith and Pe
1994; Smith et al., 1989; Willis and Behrensmeyer, 1994). The
resulting typical environment (Fig. 2) has been referred to as
“Large-Scale Crevassing”, or “LSC” (Pennington et al., 2016;
€rnqvist, 1993).
To
Following the mid-Holocene transition to lower rates of relative
sea-level rise, lower in-channel aggradation rates would have
meant that crevassing and avulsion became relatively less dominant processes of landscape formation, and rivers would have
migrated across their ﬂoodplain primarily via lateral channel
migration and point bar deposition (Brown, 1997; Jerolmack, 2009;
Jerolmack and Mohrig, 2007; Pennington et al., 2016). This process

would have “swept-up” other channels and so tended to establish a
simpliﬁed, reduced channel network. With less crevassing, ﬂoodplain aggradation rates would have decreased, and soils would have
developed. The resulting landscape (Fig. 3) has been referred to as a
“Meandering” deltaic environment (Pennington et al., 2016). A
summary of the differences between the “LSC” and “Meandering”
environments is given in Table 1.
Ultimately, it is the relationship between the rate of vertical
aggradation (dominant in LSC) and the rate of lateral migration
(dominant in the “Meandering” landscape) that is the main determinant of the character of the landscape. If vertical aggradation is
dominant over lateral migration, channel superelevation will occur,
leading to the LSC landscape; if lateral migration is dominant this
will not be the case. The Mobility Number (M) (Jerolmack and
Mohrig, 2007), is a dimensionless number that encapsulates this
ratio. It is deﬁned (equation (1)) as the ratio between the time
required for a river to vertically aggrade one-channel height, and
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Fig. 3. The “Meandering” landscape of the later mid-Holocene, in equilibrium with lower rates of sea-level rise. Modiﬁed after Weerts (1996).

Table 1
Summary of differences between the LSC and “Meandering” ﬂuvial environments.
Geomorphological characteristic

LSC

Meandering

In-channel aggradation rates
Floodplain aggradation rates
Channel migration
Network
Alluvial architecture
Avulsion
Flooding style
Environment
Floodbasin sediments

High
High
Little
Multichannel
Narrow sandbodies
Frequent
Crevassing
Poorly-drained swamps
Complex, varying substantially both laterally and vertically

Low
Low
Substantial
Single-channel
Tabular sandbodies
Less frequent
Overtopping
Well-drained ﬂoodplains
Simpler, wedging out laterally from the channel

the time required for a river to migrate one channel width, and thus
expresses whether a river predominantly aggrades vertically or
migrates laterally.

dynamics elsewhere (Macklin et al., 2015, 2013; Woodward et al.,
2001).
3. Previous work on the Holocene landscapes of the delta

M¼

hVc
BVa

(1)

In this equation, h is the river depth at bankfull discharge, B the
width, Vc the bank erosion rate and Va the in-channel vertical
aggradation rate. Rivers with values of M > 10 are characterised as
“single-channel”, those M < 1 are “anastomosing” (Jerolmack,
2009). The LSC facies is thus the result of lower M driven by
higher Va during the early Holocene, and the LSC-Meandering
Transition was a result of an increase in M driven by lower Va
during the later Holocene. The driving reduction in Va was forced
primarily by decreasing rates of base-level rise, although it could
have been further driven by changes in discharge and sedimentsupply (see Section 7) by analogy with similar shifts in riverine

3.1. Landscape evolution of the coastal zone
The evolution of the Nile Delta's coastal region, although not the
focus of the current study, is fairly well understood (Fig. 4) as a
result of research carried out by the Smithsonian Institution's
Mediterranean Basin (MEDIBA) survey in the 1980s and 1990s.
Building on previous work in the coastal area (Attia, 1954; Sestini,
1976; Sneh et al., 1986), this project drilled 87 radiocarbon-dated
cores within the coastal fringe of the delta (Stanley et al., 1996).
This work has been built upon by more recent studies of the Holocene sequence (Flaux, 2012; Flaux et al., 2017, 2013, 2011;
Marriner et al., 2013, 2012b; Moshier and El-Kalani, 2008) as well
as geoarchaeological investigations at speciﬁc archaeological sites
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Fig. 4. Environmental history of the Nile Delta margin, according to the MEDIBA survey. After Stanley and Warne (1998).

(Wilson, 2011, 2010; Wilson and Grigoropoulos, 2009).
The general sedimentary sequence in the coastal region is presented in Fig. 5. At the base are Late Pleistocene iron-stained
quartz-rich sands and stiff muds (“Sequence I Deposits”). Unconformably above this unit lie quartz-rich sands with a shallow marine fauna (“Sequence II Deposits”, or “transgressive sands”), then
another depositional hiatus and a variety of lithologies which
together comprise “Sequence III Deposits”.
The predominantly sandy “Sequence I Deposits” at the base
represent terrestrial sedimentation on a partially vegetated braided
river-plain (Stanley and Warne, 1993a). These deposits are dated to
c.38,000e12,000 cal BP (Butzer, 2002), a time when the coastline
was located signiﬁcantly further north of its current position
(Summerhayes et al., 1978). They are correlated regionally as the
Mit Ghamr Formation.
The overlying “Sequence II Deposits” record the mid-Holocene
transgression, and date from prior to c.8000 cal BP (Stanley and
Warne, 1993a). The spatial distribution of the unit thus approximates the extent of the transgression, which was more extensive in

the east than the west (Fig. 4).
Finally, the variety of lithologies represented by the deposits of
“Sequence III” date from c.7500 cal BP onwards. These sediments
record a range of marine, semiterrestrial, coastal, estuarine,
lagoonal and in some cases ﬂuvial deltaic environments.
3.2. Available lithostratigraphic and chronostratigraphic data from
the ﬂuvial zone
The evolution of the ﬂuvially-dominated region of the Nile Delta
is less well-understood than the coastal fringe, although this is not
necessarily due to a lack of primary data. There are a large number
of boreholes known from the region >3 m deep (Fig. 6), many of
which have been carried out since 1991 and were not included in
the most recent synthesis of the delta's evolution (Butzer, 2002).
Some of these cores have been drilled and published within a
geological framework, but many others have been carried out as
part of archaeological research in the area. Isolated studies have
also been undertaken and published from within the disciplines of
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Fig. 5. Representative logs through the a) coastal and b) ﬂuvial zones of the Nile Delta. M.A.M. ¼ Modern Aeolian Member; M.M. ¼ Minuf Member.

Fig. 6. Locations of cores undertaken in the Nile Delta and whose records are available for consultation. Labelled regions represent particular surveys as follows: 1) MEDIBA and
other surveys in the coastal zone (not all cores shown); 2) AUSE (Amsterdam University Survey Expedition to the Nile Delta); 3) MUWDS (Mansoura University Western Delta
Survey); 4) WDRS (West Nile Delta Regional Survey); 5) WDLP (Western Delta Landscape Project); 6) BRS (Buto Regional Survey); 7) Quesna; 8) Other cores of the MAS (Minuﬁyeh
Archaeological Survey); 9) Minshat Abu Omar; 10) Tell Ibrahim Awad; 11) Tell Gherier; 12) Tell el-Iswid S; 13) Kom el-Hisn; 14) Sais; 15) Kafr Hassan Dawood; 16) Tell ed-Dabca; 17)
Kom Geif; 18) Tell Mutubis; 19) Kom al-Ahmer/Kom Wasit; 20) Tell el-Farkha; 21) Kom el-Khilgan/Tell es-Samara; 22) Kom Firin. Most of the other cores shown were published by
the Survey of Egypt.
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hydrology and engineering. The Supplementary Information contains a list of all the surveys and cores from the ﬂuvial zone that
were assessed as part of the current synthesis (1640 borehole
records).
4. Methods
In order to create an overall palaeogeographic reconstruction of
the delta through time, it was necessary to a) collate and rectify all
available lithostratigraphic and chronostratigraphic data from the
region; b) revise the stratigraphic framework; and c) model the
geological data in 3D through time.
4.1. Database compilation and stratigraphic revision
A survey of the published literature as well as ongoing ﬁeldwork
by the authors provided 1640 relevant core records within the
ﬂuvial zone of the delta. Study of these cores allowed for a redeﬁnition of the delta's Late Pleistocene and Holocene stratigraphy
(Section 5), and the records were input to a stratigraphic database
(provided in the Supplementary Information). The available
geological information that can be ascertained from these records is
of varying quality, and is usually limited to basic sedimentological
descriptions. A lack of research focus, coupled with (and partly as a
result of) export restrictions have meant that there are few published LOI, magnetic susceptibility or heavy-mineral records, and
no published cores from this ﬂuvial region have been studied with
XRF techniques, nor with stable isotope analysis.
Most boreholes from the coastal zone of the delta were not input
to the database, as palaeogeographic constructions based on these
cores are already readily available; the only boreholes which were
included from this zone were those of the MEDIBA survey, incorporated only to provide the regional variability in the underlying
Mit Ghamr Formation (Marriner et al., 2012b). Neither were cores
around the delta apex, due to concerns over local effects.
A complication with the elevations of the borehole records is
that they were not all presented with reference to the same datum.
Most core heights were recorded with reference to the Survey of
Egypt datum, which approximates the true geoid more exactly than
any other (Dawod and Ismail, 2005), but a small number of cores
were expressed relative to EGM2008 (Pavlis et al., 2012). Where no
elevations above sea-level were given in the borehole records,
approximate heights above sea-level were inferred using SRTM
data (Jarvis et al., 2008), which expresses heights relative to the
EGM96 geoid (Lemoine et al., 1998). It was necessary to transform
the elevations of each core which referenced EGM96 and EGM2008
in order to express them relative to the same datum (see
Supplementary Information). The corrections applied by this procedure are signiﬁcant (up to several metres).
A similar survey of the available literature further reveals 96
stratiﬁed radiocarbon, OSL and other dates from within “natural”
sedimentary deposits in the ﬂuvial region of the Nile Delta, which
were input to a separate chronostratigraphic database (see
Supplementary Information). Very few coring surveys collected
samples for radiocarbon or other scientiﬁc dating, mainly due to
restrictions on the export of such material from Egypt. Other projects used very well-correlated sedimentary horizons of identiﬁable pottery as a (relative) chronostratigraphic marker. Of these 96
dates, 71 were useful for estimating the aggradation history of the
ﬂoodplain. Others were sourced from within very organic-rich
deposits which data suggest have undergone substantial compaction, or were from non-ﬂoodplain units. No age-depth information
was included in this database from the coastal zone, due to the
hypothesised presence of a tectonic hinge-line, north of which the
subsidence history is not representative of that further south

(Stanley and Warne, 1998).
4.2. Geological palaeolandscape and aggradational modelling
In order to create a four-dimensional landscape model for the
Holocene evolution of the Nile Delta, the changing spatial extents of
the main sedimentary facies and the aggradation history of the
delta ﬂoodplain had to be established. The changing spatial extents
of the different environments in the ﬂuvial zone were mapped
through an in-depth analysis of the chronostratigraphic data
(Supplementary Information), by considering the sedimentary
units in which each date was hosted. In the coastal zone, the
changing environments were copied from previous syntheses that
had summarised the work in this region (Stanley and Warne, 1998,
1993a).
The aggradation history of the ﬂuvial sediments was then
calculated, which allowed for the mapping of the locations and
palaeotopography of the turtlebacks through time. First, minimumdepth geological surfaces of the top surface of each stratigraphic
unit were created, using a Kriging algorithm (details in
Supplementary Information). This provided a map of the variable
height of the “pre-delta” topography upon which the Holocene
delta was laid down (Fig. 7). Then, the spatially and temporally
variable aggradation history of the deposits above was established
by modelling the data within the chronostratigraphic database. An
age-depth diagram for all ﬂoodplain sediments of the Bilqas Formation in the ﬂuvial zone of the delta was created (Fig. 8), as well as
a series of regionally-speciﬁc age-depth diagrams (Fig. 9). The
temporal imprecision in these ﬁgures was used to create a range of
different aggradation models of the Bilqas Formation, the most
appropriate of which was selected by using the modelled top surface of the Bilqas 2 Member as an independent estimator of the
aggrading height of the ﬂoodplain at the time that Bilqas 2 deposition gave way to Bilqas 1 deposits in any particular location.
5. A new stratigraphic framework for the Holocene Nile Delta
A new stratigraphic framework is proposed for the recent deposits of the Nile Delta, which reﬂects the overall environmental
evolution of the area through the Holocene. Eight stratigraphic
units within four Formations are deﬁned, displayed in Table 2 and
on Fig. 5. The most important conceptual contribution of the present synthesis is that it divides the mid- and late Holocene ﬂuvial
sediments of the delta plain into two Members: Bilqas 2 and Bilqas
1, representing the LSC and “Meandering” environments respectively. Standard geological naming conventions are followed for the
Pleistocene units, while the Holocene units are named after the
facies they represent, except where a previous name already exists
(Bilqas).
In no location are all eight units seen in the same core. The
Transgressive Sand Formation and Coastal Member are localised to
the northern margin of the delta, while the Modern Aeolian
Member and Geziracover Formation appear only in certain localities. Fig. 10 shows in which cores each unit was encountered. The
results of previous surveys have been reinterpreted within this new
stratigraphic framework (Fig. 11), and are discussed below.
5.1. The Mit Ghamr Formation
The Mit Ghamr Formation (Rizzini et al., 1978) mainly comprises
medium-coarse quartzose sands, containing pebbles of quartzite,
chert and dolomite (Rizzini et al., 1978), some autigenic carbonate
nodules (El-Awady, 2009), rare gastropod shells (Buck, 1990, p. 80),
as well as some ﬁner layers. It can, however, be separated into two
different units, with the lowermost unit (renamed here as the
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Fig. 7. “Pre-delta” topographic surface of the combined Mit Ghamr and Geziracover Formations a) in metres above sea level; b) in metres below modern delta surface.

Zagazig Member) coarser and mineralogically different to the upper unit (renamed as the Minuf Member). The top of the unit is very
uneven, and is often made up of a calcareous white palaeosol some
10e40 cm thick (Hamdan, 2003). In other locations the top appears
altered in colour to greenish-grey as a result of a reduced iron
coating on the sand grains (Andres and Wunderlich, 1991). It is this
unit that usually forms turtlebacks where its top surface rises above
the modern-day ﬂoodplain surface (Butzer, 1959; Fourtau, 1915;
Judd, 1897; Kholief et al., 1969; Said, 1981).

5.1.1. Zagazig Member
The Zagazig Member has been previously known by other
names: the “sub-delta formation” (Judd, 1897) or the “Lower Buried
Channel” (Sandford and Arkell, 1939). It has also been described as a

unit composed of “coarse and ﬁne sands interﬁngering with pebbly
or gravelly beds” (Fourtau, 1915); “several generations of Pleistocene sands and gravels” (Butzer, 1974); or “Mid-Pleistocene coarse
sands/cobble gravels” (Butzer, 2002). These sands also usually
correspond to the “diluvial deposits” noted by the Survey of Egypt
(Attia, 1954).
The material is generally of a grade between f ¼ 2.5 and f ¼ 5,
with a skew to the ﬁner grain sizes (Andres and Wunderlich, 1991;
Buck, 1990; Kholief et al., 1969; Rowland and Hamdan, 2012), and is
thus often a medium sand with isolated larger clasts, although in
some locations may be signiﬁcantly coarser (Attia, 1954). It is
broadly yellow in colour (Buck, 1990; El-Shahat et al., 2005; de Wit
and van Stralen, 1988; Hamdan, 2003; Hamroush, 1987; Kholief
et al., 1969; Rowland and Hamdan, 2012). The sediments are
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Fig. 8. Age-depth model of stratiﬁed dates within the ﬂuvial Nile Delta. Error bars represent 95% probability windows; the shaded region is the sea-level curve for Israel (Sivan et al.,
2004, 2001); no more reliable Holocene sea-level curves exist speciﬁcally for Egypt.

moderately-to-poorly-sorted, quite homogenous, and sometimes
laminated or cross-stratiﬁed with evidence of ﬁning-upwards cycles (Hamroush, 1987; Kholief et al., 1969; Rowland and Hamdan,
2012). The sands are predominantly quartz (80e100%), with some
plagioclase feldspar (Zaghloul et al., 1980). The grains themselves
have very thin coatings of iron oxide and sometimes carbonate (ElShahat et al., 1999; Kholief et al., 1969; Stanley and Chen, 1991).
Other minerals include iron oxides (magnetite, haematite and
ilmenite), hornblende, augite and epidote (El-Hinnawi and ElShahat, 1969; El-Shahat et al., 2005; Hamdan, 2003; Kholief et al.,
1969; Zaghloul et al., 1980). The name given to the unit here comes
from the location of the borehole in which it was ﬁrst recognised
(Judd, 1897). The sands are generally correlated with the Qena
Prenile sands of Upper Egypt (Said, 1981, p. 56), as well as the Sath
Ghorab Formation (Hamdan, 2003).

ﬁner grain size, and their hosting of stiff or compact clayey lenses
(Butzer, 2002, 1974; Sandford and Arkell, 1939). These lenses
probably originated in fragmented Late Pleistocene ﬂoodbasins,
especially near the modern-day coastline (Butzer, 2002; Chen and
Stanley, 1993). Based on radiocarbon dates of the MEDIBA survey
and the Buto Regional Survey (BRS), the deposits appear to have
been laid down between c.28,000 and 11,000 cal BP (Butzer, 2002).
They most probably comprise a complex set of numerous different
minor units of different genetic origin, probably spanning a large
age-range (Butzer, 2002), deposited under an earlier, braided
Nilotic regime (Adamson et al., 1980). The name given to the unit
here is chosen after the location of one of the ﬁrst boreholes in
which the unit was recognised (Fourtau, 1915).

5.1.2. Minuf Member
Lying unconformably above the Zagazig Member is another unit
within the Mit Ghamr Formation: the Minuf Member. Although the
deposits of this unit have been known about for many years as a
combination of the “Upper Buried Channel” and “hornblende sands
and silts” (Sandford and Arkell, 1939), and together under the name
“Fine Nilotic Sands” (Butzer, 1974), they have generally eluded
systematic description and correlation with other units in Egypt,
and are not discussed at any length in geological syntheses (Said,
1993, 1981; Tawadros, 2011).
The sands within the unit differ from the underlying Zagazig
Member by the presence of mica, their less massive character and

In a small number of locations, lying unconformably and directly
atop the Mit Ghamr Formation are deposits which have been
interpreted as primarily aeolian reworking of the sands beneath.
These are observed, for instance, at Buto (Fig. 11) where there appears to have been a two stage deposition process: ﬁrst ﬂuvial, then
by wind (Wunderlich, 1989). Similar observations were made by
re et al. (2012, 2009) based on microscopic analysis and
Tronche
architectural considerations of a deposit they termed the “prePelusiac transition layer”. The unit's presence has also been inferred
in other surveys (El-Awady, 2009; El-Shahat et al., 2005; Judd,
1897) where well-sorted, friable, very ﬁne to medium sands at the
top of the Mit Ghamr Formation were also attributed to their having

5.2. The Geziracover Formation
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Fig. 9. Age-depth models for the six different regions of the ﬂuvial Nile Delta. Three sets of line segments are shown for each panel representing the full range of aggradational
histories supported by the data. Numbers refer to aggradation rates for each line segment in mm/yr.
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Table 2
New stratigraphic framework for Recent Nile Delta deposits. Dashed lines indicate
unconformity surfaces; those units in italics are new to the current synthesis.

been redeposited by wind.
5.3. The Transgressive Sand Formation
The “early Holocene transgressive sand” is a sedimentary unit
that was deﬁned during the MEDIBA survey (Stanley et al., 1996).
The unit is composed of coarse, poorly-sorted, olive-grey to
yellowish-brown quartzose sands which contain a high percentage
of heavy minerals, as well as mollusc and echinoderm fragments,
mica and lithic clasts, plus pelecypods, gastropods, ostracods and
foraminifera (Arbouille and Stanley, 1991; Chen et al., 1992;
Coutellier and Stanley, 1987; El-Shahat et al., 1999; Stanley et al.,
1992). The sands are not stained by iron oxide, in contrast to the Mit
Ghamr Formation (El-Shahat et al., 1999). These deposits were
probably originally ﬂuvial sediments that incorporated a littoral
signature during retrogradation of the shoreline and major
reworking by waves and other coastal processes between c.15,000
and 8000 cal BP (Stanley et al., 1992).
5.4. The Bilqas Formation
First recognised as a distinctive unit under the name of “terre
ge
tale” (Fourtau, 1915), the Bilqas Formation (Rizzini et al., 1978)
ve
makes up the “alluvial mud” of the delta plain. It is divided into
four, with the most important conceptual contribution of the current synthesis being the division of the ﬂuvially-dominated delta
sediments into two units: Bilqas 2 and Bilqas 1.
5.4.1. “Modern Aeolian” Member
This unit of convenience is represented by sediments which
have been deposited by aeolian activity on top of the ﬂoodplain; it
is also applied to signiﬁcant quantities of archaeological debris at
“tell” sites when encountered in cores from the surface downwards.
These deposits of anthropogenic origin originally stood above the
ﬂoodplain, acting as a trap for windblown material, and also underwent degradation and aeolian reworking in situ. The unit usually
occurs both at the margins of the delta, and on “tell” sites within
the delta.
5.4.2. Coastal Member
This unit represents all sediments interpreted as having being
deposited in a coastal, nearshore or marine setting, except for the
Transgressive Sand Formation, which is excluded from this
grouping as it occupies a very speciﬁc stratigraphic position at the
base of the Holocene sequence. The Coastal Member, on the other
hand, is contemporaneous with much of the deposition of the

ﬂuvial units of Bilqas 1 and Bilqas 2. This unit contains marine,
semiterrestrial, coastal, estuarine, lagoonal and occasionally sabkha
deposits; the spatio-temporal extents of these sedimentary environments have been previously mapped (Arbouille and Stanley,
1991; Chen et al., 1992; Coutellier and Stanley, 1987; Stanley
et al., 1992).
5.4.3. Bilqas 1 and Bilqas 2 Members
The recent ﬂuvial sequence is divided into Bilqas 1 and Bilqas 2
Members. In this twofold division, the Bilqas 2 Member is the lower
of the two units. It is made up of bluish-black silty-clay to clayeysilt containing a high percentage of organic matter. Peat layers
are locally developed, and spatial variations in grain size are rapid
and unpredictable, in that (sub-)units do not tend to grade into
each other over wide areas. It is thought to represent deposition
within the LSC environment discussed in Section 2. This is in
contrast to the overlying Bilqas 1 Member which is generally
brown-grey in colour, less rich in organic material, and very predictable in the lateral variation of its grain size. This later unit
represents overtopping of levees and the development of a wide
ﬂoodplain during the later Holocene, within the “Meandering”
environment (Section 2).
The contact between the Bilqas 2 and Bilqas 1 units therefore
corresponds to the LSCeMeandering Transition, an event suggested
by Pennington et al. (2016) to be driven by the slowing of bulk
aggradation rates, driven ultimately by the slowing of sea-level rise
within the context of a weakening monsoonal system. This position
is revisited and discussed further below in Section 7.
The lower, Bilqas 2 unit is ﬁrst thought to have been observed in
the eastern delta by the Amsterdam University Survey Expedition
to the Nile Delta (AUSE project), where it was labelled as “Nile 2
deposits”. It was described as comprising rapidly-alternating deposits of silt and sand; dark, organic, humic clays; and calcareous
clays (de Wit and van Stralen, 1988) suggesting “permanent waterbearing systems…such as larger rivers, swamps and lakes…[with]
no obvious traces of temporal desiccation”, in combination with
“ephemeral stream sediments…[and] wadi-fed stagnant pools”.
This lower unit gives way to overlying “Nile 1” facies (Fig. 11), which
comprise very different sediments (Bilqas 1 Member): “uniform
ﬂoodbasin clays, levee silts, channel plugs, and intermittent eolian
sandy inﬂuxes” (de Wit, 1993).
The rapidly-alternating nature of the deposits of the Bilqas 2
Member in a lateral sense suggests deposition in an environment
characterised by anastomosing streams with narrow levees surrounding larger ﬂoodbasins: an exact picture of the LSC environment. The humic muds would have been deposited within the
swamps between these channels. The rapidly-alternating nature of
the deposits in a vertical sense is the result of the likely very dynamic and changeable landscapes in which they were laid down:
again a hallmark of the LSC environment, and in direct contrast to
the sediments above.
A very similar sequence was also observed around Minshat Abu
Omar (Fig. 11), where a lower unit of “compact dark grey violet
mud, rich in organic material” (Krzyzaniak, 1993) gives way to
sediments which contain less organic matter, and within which
“soil development is documented by calcic nodules, oxic mottles
and iron-manganese concretions” (Andres and Wunderlich, 1992,
1991). The lower unit was interpreted as “indicat[ing] the prevalence of semiterrestric environments” (Andres and Wunderlich,
1991), and is correlated here as the Bilqas 2 Member. The upper
sediments originate from a much more well-drained setting and
are correlated as the Bilqas 1 Member. The whole sequence is underlain by greenish-grey sand deposits, which are coloured as such
as a result of reduced iron (Andres and Wunderlich, 1991) e presumably in-situ decomposition of vegetation within the swamps of
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Fig. 10. Maps showing the distributions of cores containing each unit.

the Bilqas 2 unit above resulted in reducing environments persisting below the surface.
In the western delta, the same sedimentary sequence has also
been observed by the BRS (Wunderlich, 1989; Wunderlich and
Andres, 1991), the Mansoura Western Delta Survey (MUWDS) (ElAwady, 2009), around Sais (El-Shahat et al., 2005), and in recent
ﬁeldwork at Kom Geif, Kom al-Ahmer/Kom Wasit and Tell Mutubis
(Fig. 11). All these coring surveys also divided the Bilqas Formation

into two units: a lower unit containing humic muds rich in organic
matter (Bilqas 2 Member), sometimes containing peat layers and
smelling of hydrogen sulphide, and an upper one (Bilqas 1 Member) which has no peat layers, is browner in colour, contains rhizoconcretions and displays more predictable variations in grainsize. Once again, the substantial lateral inhomogeneity in grain
size in the lower unit is taken as an indication of small anastomosing streams separating isolated ﬂoodbasins, while the smell of
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Fig. 11. Summary cross-sections of previous localised geoarchaeological/geological surveys in the Nile Delta, reinterpreted within the stratigraphic divisions of the current synthesis. a) Minshat Abu Omar, adapted from Andres and Wunderlich (1992); b) BRS, adapted from Hamdan (2003); c) Quesna, adapted from Rowland and Hamdan (2012); d) Sais,
adapted from El-Shahat et al. (2005); e) Kafr Hassan Dawood, adapted from Hamdan (2003); f) MUWDS, adapted from El-Awady (2009). g) AUSE, adapted from Andres and
Wunderlich (1992); h) Kom al-Ahmer/Kom Wasit; i) Tell Mutubis; j) Kom Geif. The names of the units given in quotation marks are those from the published literature; the
key shows their reinterpretation within the framework of the current synthesis.

hydrogen sulphide and existence of peat is taken as indicating an
organic rich, wetland landscape with standing water and euxinia
persisting in the subsurface.
Palynological evidence also supports a division of the sedimentary sequence in two, with the lower unit reﬂecting more
marshy environments than the upper. An undated pollen record
from the coastal margin (Saad and Sami, 1967) shows an upwards
decrease in semi-aquatic species such as Cyperaceae, Poaceae,
Typhaceae and Jussieua, and an increase in land plants. Tentative
correlation of this core with nearby dated boreholes of the MEDIBA
survey suggest this transition could have taken place after
8000e5300 cal BP. A further study (Leroy, 1992) also in general

found progressively decreasing amounts of Cyperaceae and other
wetland plants, and increasing Poaceae, Amaranthaceae and Chenopodiaceae since c.4000 cal BP. More recent work (Bernhardt
et al., 2012; Hennekam et al., 2015) has also found decreasing
Cyperaceae c.5000 cal BP, which may reﬂect the replacement of
local wetland landscapes of the Bilqas 2 environment by the Bilqas
1 facies.

6. Delta evolution
Fig. 12 shows the overall modelled landscape evolution of the
Nile Delta c.8000e4500 cal BP, characterised overwhelmingly by
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Fig. 12. Best estimate maps showing the mid-Holocene evolution of the Nile Delta c.8000e4500 cal BP: a) c.8000 cal BP; b) c.7500e6000 cal BP; c) c.5500 cal BP; d) c.4500 cal BP.
The dashed line on each subﬁgure indicates the modern-day coastline; MG/GC ¼ Mit Ghamr/Geziracover Formation.

the genesis and subsequent disappearance of LSC landscapes, represented by deposits of the Bilqas 2 Member, and their replacement
by more well-drained ﬂoodplains of the Bilqas 1 Member. These
landscapes were laid down upon a “pre-delta” topographic surface
formed by the Mit Ghamr and Geziracover Formations (Fig. 7). Prior
to c.8000 cal BP, the area now covered by the modern delta plain
was made up of deposits of the Mit Ghamr Formation and
Geziracover Formation. Rivers were incising, redepositing and
reworking earlier ﬂuvial material, with aeolian deposition of the
Geziracover Formation on some topographic highs.
The onset of Bilqas deposition and the inception of the Holocene
alluvial delta plain ﬁrst occurred around 8000 cal BP in the
northern part of the delta (Fig. 12a). Data from the MEDIBA survey
(Stanley et al., 1996; cores S38 and S32) as well as from Minshat Abu
Omar (Andres and Wunderlich, 1991; core D5) show that around
8000 cal BP deposits of the Bilqas 2 unit were being laid down in
the extreme north of the delta. Further south, rivers were still
behaving as before, and the Mit Ghamr and Geziracover units were
still fully exposed at the surface, as shown by an OSL date from Tell
re et al., 2012) which comes from within the
ed-Dabca (Tronche
Geziracover Formation.
The onset of Bilqas 2 deposition in the central, eastern and
western delta probably came about at c.8000e7500 cal BP, a daterange constrained by the lowermost date within core S87 of the
MEDIBA survey (Stanley et al., 1996), which shows the initiation of
Bilqas deposition in the central delta at c.8155e7615 cal BP. Nearby

core S86 (Stanley et al., 1996) also corroborates this time-frame,
with lowermost dated Bilqas deposits at 7571e7156 cal BP. The
lowest AUSE project radiocarbon date (within the Bilqas 2 unit) also
points to the onset of Bilqas deposition at some point earlier than
c.7250e6750 cal BP (de Wit, 1993); at Sais deposition of the Bilqas 2
unit is also initiated before c. 7450e5850 cal BP (Wilson, 2006;
Wilson et al., 2014).
The topography of the delta at this time was moderately undulating, with hills standing over 5 m taller than the ﬂoodplain in
many locations, especially at the delta fringes (Fig. 12a). The
shoreline was situated substantially inland relative to its present
position, particularly in the east (Coutellier and Stanley, 1987). Very
little is known about the exact character of the coastal margin at
this time, although it is probable that barrier-beaches were just
beginning to form. The near-offshore was dominated by littoralzone deposits of the Transgressive Sand Formation (Stanley and
Warne, 1993a).
After the onset of Bilqas deposition and until c.6000 cal BP it
seems that much of the ﬂuvial part of the delta was experiencing
deposition of the Bilqas 2 unit, hosting landscapes characterised by
dynamic, anastomosing channel networks and swampy ﬂoodbasin
facies of the LSC environment (Fig. 12b). Between 7500 and
6000 cal BP there was extensive peat development of the Bilqas 2
unit at Buto (Wunderlich, 1989), and deposits of the Bilqas 2 unit
are also interpreted to have been encountered within some of the
MEDIBA cores (Stanley et al., 1996), as well as at Minshat Abu Omar
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(Andres and Wunderlich, 1991). The southernmost extent of the
unit is not known, but it was certainly further south than the AUSE
study area, with some cores in the central delta area also suggesting
its presence. To the far south deposits of the Mit Ghamr and
Geziracover Formations probably still cropped out at the surface.
Sandy hills still protruded above the ﬂoodplain especially near the
delta fringes. The shoreline prograded extensively in the western
delta, behind which lagoons were developed (Warne and Stanley,
1993b), while marshy wetlands behind small barrier beaches persisted in the east (Coutellier and Stanley, 1987).
From 6000 to 5500 cal BP, overall aggradation rates fell (Fig. 8),
and the ﬂuvial landscape changed dramatically. While Bilqas 2
sediments, corresponding to dynamic, swampy and marshy environments were still being deposited in the north, deposition of the
Bilqas 1 Member appears to have commenced in the southern and
central part of the delta (Fig. 12c), characterised by much more
extensive, well-drained ﬂoodplains, single-channel networks and
less marshy landscapes. The second date from the AUSE project, at
some c.6000 cal BP, is from within the Bilqas 1 unit (de Wit, 1993);
similarly a date within core S86 of the MEDIBA survey at
5906e5334 cal BP (Stanley et al., 1996) could also be from within
the Bilqas 1 unit. This suggests that Bilqas 1 deposition had been
initiated by c.6000e5500 cal BP in the central part of the delta.
However, in the north of the delta Bilqas 2 sediments were still
being deposited: various cores at Minshat Abu Omar (Andres and
Wunderlich, 1991, 1992) still record Bilqas 2 sedimentation, as
does core S9 of the MEDIBA survey and a number of cores at Buto.
The same overall areas of turtlebacks remained, although they were
reduced in size compared to previous time periods. In the coastal
area, lagoons persisted in the western and central regions (Warne
and Stanley, 1993a), while across the delta fringe a coastal
barrier-beach system had clearly been established (Arbouille and
Stanley, 1991; Stanley et al., 1992).
Butzer (2002) suggests there is a delta-wide unconformity
around 6000 cal BP, based on the fact that at some “tell” sites fans of
reworked sandy material appear to extend into the ﬂoodplain at
this time. However, this is not seen in all studies (see Fig. 11), and
the exact stratigraphic relationships of the fans to the sediments
above and below is not always clear.
By 4500 cal BP the area of Bilqas 1 deposition had expanded
signiﬁcantly northwards to cover most of the delta (Fig. 12d); Bilqas
2 sedimentation was extremely localised in the far north. However,
Bilqas 2 deposition did continue in a number of limited areas in the
extreme north-east and north-west delta: cores D71 and D4 at
Minshat Abu Omar and MEDIBA cores S55 and S54 to the north of
Buto suggest continuing Bilqas 2 deposition in these locations
persisting until at least c.4500 cal BP, and possibly much later. The
previously substantial turtlebacks were by this time much more
limited in extent; the eastern delta was now actively prograding
(Coutellier and Stanley, 1987), but extensive lagoons, marshes and
barrier beaches remained the main features of the coastal zone
(Stanley and Warne, 1993a).
Since 4500 cal BP, the overall landscapes of the Bilqas 1 Member
have generally continued to exist until the present day, albeit with
signiﬁcant anthropogenic alteration. They have been modiﬁed and
exploited as a result of the development of irrigation agriculture,
the digging and maintenance of natural and artiﬁcial waterways
(Butzer, 1976; Cooper, 2014; Hassan, 2010), and most recently
through the draining of the coastal lagoons, and the building of the
Aswan High Dam which has starved the delta of 95% of its sediments (Stanley and Warne, 1998).
In summary, the data support the initiation of Bilqas 2 deposition at c.8000 cal BP near the shoreline. The spatial extent of the
unit and its corresponding environments of swampy ﬂoodbasins
then expanded upstream until c.6000 cal BP, after which it was

replaced by Bilqas 1 sediments and a less swampy landscape from
the south. These environments pushed northwards between 6000
and 5000 cal BP. By c.4500 cal BP Bilqas 2 sediments were being
deposited in only a limited number of areas; by c.3500 cal BP they
had disappeared completely, and the environments of the Bilqas 1
Member have then dominated to the present day. Turtlebacks e a
common landscape feature in the delta prior to some 6000 cal BP e
gradually diminished in size and became much more limited in
their spatial extent by 4500 cal BP. Importantly these also seem to
have been smaller than earlier syntheses suggested (Butzer, 2002,
1976, 1974). The coastline prograded in the west from c.8000 cal
BP, and has broadly approximated its modern-day position since
6000 cal BP. In the east, however, an extensive coastal embayment
persisted, and the shoreline prograded here only from c.5000 cal
BP, reaching its modern position just in the last two thousand years
(Coutellier and Stanley, 1987; Goodfriend and Stanley, 1999;
Moshier and El-Kalani, 2008).
These landscape changes taking place in the delta were larger
than those occurring upstream during this time period. While upstream there was also an early mid-Holocene replacement of sandy
sediments by silts (Adamson et al., 1980; Butzer, 1998; Toonen et al.,
in press) e analagous to the onset of deposition of the Bilqas Formation e the later mid-Holocene period upstream saw no episodes
of complete landscape remodelling analagous to the Bilqas 2 e
Bilqas 1 transition. The major upstream landscape changes were
instead related to periods of ﬂoodplain and channel network
contraction, possibly associated with decreased discharge, regional
aridiﬁcation and cooling (Macklin et al., 2015).
6.1. Aggradation history
Aggradation rates display a decreasing trend through time that
correlates with decreasing rates of sea-level rise (Fig. 8). Prior to
5200e5950 cal BP, aggradation rates appear to range approximately between 2.4 and 12 mm/yr; after this time they are lower,
generally between c. 0.5e1.5 mm/yr (Fig. 9). This decrease in
aggradation rates appears to lag the inﬂexion in the rate of sea-level
rise by some 750 years. This lag may be real, or it may be an artefact,
since the sea-level curve is not from Egypt but from Israel (no
reliable sea-level curves have been constructed for this period for
Egypt). In general, however, the fact that aggradation rates decrease
through time following the sea-level curve is a strong indication
that they are controlled predominantly by downstream factors.
Aggradation rates are not homogenous across the delta, however (Fig. 9). To establish whether these differences are caused by
regional east-west faulting patterns (Bosworth, 2008; Hussein
et al., 2013; Tingay et al., 2011), the age-depth data was plotted
against latitude and longitude (Fig. 13). This ﬁgure clearly shows
there is no detectable latitudinal trend within the data e points of
equal size (equal age) lie along the horizontal e and therefore
suggests that east-west regional faulting is not contributing to
regional variability in subsidence patterns. It further provides proof
that any east-west trending tectonic “hinge-line” of high rates of
subsidence (Stanley and Warne, 1993a) lies further to the north
than the data considered.
However, there appears to be a longitudinal variation in
aggradation rate. Deposits of similar age are buried approximately
1e2 m deeper in the west and north-west regions of the ﬂuvial
zone than in the east and north-east (Fig. 13): the west has experienced faster aggradation than the east. Such a trend is also suggested by the modern-day topography, and the depth to “pre-delta”
deposits (Fig. 7): turtlebacks are exposed in the east, but not in the
west, where they have presumably been buried. Importantly this
subsidence is in the opposite direction to that north of the hingeline, where deposits are more deeply buried in the east (Stanley,
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Fig. 13. Age and depth of deposits plotted with respect to cardinal directions: a) depth vs longitude; b) depth vs latitude. The size of the bubbles represents age (larger ¼ older).

1990).
This deeper burial of deposits in the west could be caused by a
variety of factors. It is highly unlikely to be caused by autocompaction within the Holocene deposits, since it is not just the
Holocene sediments that are buried at different depths: the subsidence of the underlying “pre-delta” topography and turtlebacks
suggests that the subsidence must have affected the full Quaternary
stratigraphy of the delta. It is also probably not due to the inﬂuence
of the “Pelusium Line” (Said, 1981, p. 56) e a controversial
hypothesised transcontinental fault shear system (Neev, 1977,
1975), since even studies that support the existence of this fault
system do not place it in a location that could account for the distribution of turtlebacks (Gamal, 2013). Neither is it likely to be as a
result of greater original accommodation space in the west, since
some of the oldest dated deposits of the Bilqas Formation have
been found in the east by the AUSE project; if the western delta
were at a lower elevation than the east during the early midHolocene then onlap of the Bilqas Formation in the east would
have been a later phenomenon. It is therefore more likely a result of
a deep control such as differential autocompaction within the full
Quaternary or Cenozoic sequence, or longer wavelength patterns of
lithospheric ﬂexure.
7. Discussion e drivers of landscape evolution
The mid-Holocene landscape evolution of the Nile Delta has
been ultimately governed by a decrease in the rate of relative sealevel rise, although subsidence, changes in sediment-supply dynamics driven by a changing monsoonal system and humans have
also played major roles.
7.1. Sea-level rise
Relative sea-level change (comprising glacio-isostatic, hydroisostatic and eustatic components) has played the deﬁning role in
the landscape evolution of both the coastal and ﬂuvial regions of
the Nile Delta throughout the Holocene.
In the ﬂuvial region of the delta, increased base-level initially
resulted in a decrease in river gradient and the deposition of the
Bilqas Formation (Stanley and Warne, 1994). High rates of sea-level
rise then resulted in the development of the LSC landscape as
represented by the Bilqas 2 Member in the early mid-Holocene. The
decrease in the rate of sea-level rise in the later mid-Holocene then
ultimately resulted in the LSC-Meandering Transition and the
development of the more homogenous ﬂoodplains of the Bilqas 1

Member, as described at length in Section 2.
Further north, in the coastal zone, the changing landscapes have
also been governed by the rate of relative sea-level rise: high rates
prior to 7500 cal BP resulted in the marine transgression extending
to areas far inland of the present shoreline and the deposition of the
Transgressive Sand Formation (Flaux et al., 2013; Stanley and
Warne, 1993a). Following the slowing-down of the rate of sealevel rise, sediments were reworked into extensive beach-barrier
systems which served to close-up the coastline and halt marine
ingression (Stanley and Warne, 1993a). As sea-level rise slowed
further the shoreline gradually prograded northwards to its current
position.

7.2. Subsidence
In addition to this regional sea-level signal, local tectonic effects
and subsidence have been important in controlling the spatially
heterogeneous evolution of the delta, contributing in the coastal
zone speciﬁcally to a more extensive transgression (and subsequent
progradation) in the east compared to the west. While an east-west
trending “hinge-line” has caused high rates of subsidence of Holocene deposits along the coastal margin relative to the area more
landward (Stanley and Warne, 1993a), the spatial pattern of subsidence north of this hinge-line is heterogeneous, and is such that
lagoonal areas have experienced higher rates of subsidence than
the zones in between, with many of the highest rates around the
Manzala region in the east (Stanley and Clemente, 2014). These
differential patterns in subsidence could be caused by differences in
tectonic activity resulting from reactivation of faulted basin structures (Stanley, 1990, 1988; Stanley and Warne, 1997), or lithospheric
ﬂexure caused by differences in Holocene sediment loading, in turn
driven by increased autocompaction of lagoonal deposits compared
to coarser clastic deposits (Marriner et al., 2012b). Whatever the
cause, these patterns of subsidence resulted in a further landward
transgression that persisted for longer in the eastern delta
compared to the west.
In the ﬂuvial zone, regionally variable subsidence has also
occurred: deposits in the west have subsided more than those in
the east. This variability does not seem to have been caused by
either faulting, subsidence within the Holocene section or the
amount of original accommodation space, but may be related to
differential autocompaction of Pleistocene or earlier deposits, or
longer-wavelength patterns of lithospheric ﬂexure. This heterogeneous pattern of subsidence needs to be considered (for example)
when studying the spatial distribution of archaeological sites.
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7.3. Hydroclimatic changes and sediment-supply
The early and mid-Holocene time periods are also characterised
by substantial climatic change and hydroclimatic variability in the
Nile Basin. From c.11,000 to 6000 cal BP the region experienced
signiﬁcantly higher precipitation than at present, and the Sahara
hosted a savanna ecosystem with permanent lakes (de Menocal
€ pelin et al.,
et al., 2000; Fleitmann et al., 2003; Gasse, 2000; Kro
2008). The onset of this “African Humid Period” (AHP) was driven
by increasing northern hemisphere insolation and concomitant
northward movement of the ITCZ in the late Pleistocene; its end
was similarly forced by the reverse mechanism during the midHolocene (Williams, 2009). Most studies point towards a gradual
transition to a more arid climate between c.9000 and 5000 cal BP
(Shanahan et al., 2015).
Hydrolological changes associated with these climatic shifts are
certainly responsible for aspects of the delta's landscape evolution.
As well as being forced by a decrease in river gradient (Section 7.1),
the onset of deposition of the Bilqas Formation is also probably
related to the onset of the AHP. Increased vegetation and reduced
erosion in the Nile catchment likely resulted in the river changing
from being dominated by sandy bedload to a silty suspended load,
which was deposited across the Nile ﬂoodplain (Adamson et al.,
1980; Said, 1993).
The subsequent termination of the AHP then contributed to the
mid-Holocene landscape changes explored within this paper. The
Bilqas 2 to Bilqas 1 transition could have in part also been driven by
hydroclimatic shifts. Decreasing rates of sediment-supply probably
played a role in forcing the Bilqas 2 e Bilqas 1 transition, through
the same mechanism of stimulating lower in-channel aggradation
rates. These decreasing sedimentation rates between 7700 and
1200 cal BP are clear from a variety of onshore and offshore records,
and have been linked to a decrease in monsoon intensity over the
Ethiopian highlands (Blanchet et al., 2014; Marriner et al., 2012a,
2013; Revel et al., 2015 e although see Krom et al., 2002 for a
different view). Decreased discharge could also have played a role
in the transition from an anastomosing to a single-channel regime,
by analogy with similar changes further upstream (Macklin et al.,
2015, 2013; Woodward et al., 2001).
In the coastal zone speciﬁcally, a change from a freshwater to a
marine system in the Mareotis lagoon around 6750 cal BP (Flaux
et al., 2011) has been explained as a consequence of the ending of
the AHP, resulting from either a shift in the hydrological budget of
the area as a result of reduced Nile discharge (Flaux et al., 2013), or
marine inﬂux as a result of the erosion of protective beach-barrier
systems due to a reduction in sediment-supply (Marriner et al.,
2013).
Overall, it is clear that a variety of hydroclimatic factors
contributed to bulk geomorphological change across the delta
during the mid-Holocene. These forcing factors are not always easy
to disentangle from the primary driver of decreased rates of sealevel rise.
7.4. Human impact
Human inﬂuences have played a role in the landscape development of the delta plain, but in general probably not to a major
extent within the time periods considered within this synthesis. It
is only since c.3000e2000 cal BP that variability in the effectiveness
of irrigation and canalisation strategies have been shown to have
demonstrably had a major impact on the biosedimentary and hydrological budget of the Mareotis lagoon, masking more “natural”
changes (Flaux et al., 2012). Pollen records have also shown a much
greater human impact on the local environment only over the last
3000 years (Stanley and Bernhardt, 2010). The history of human

inﬂuences on the delta landscapes over these later periods have
been reviewed elsewhere (Cooper, 2014). Most recently, of course,
the delta has become intensively farmed, and the reduction in
sediment supply caused by the building of the Aswan High Dam has
resulted in fast rates of erosion (Stanley and Warne, 1998), a situation exacerbated further by increased rates of sea-level rise
resulting from anthropogenic climate change.
8. Conclusions
This paper suggests that the mid-Holocene environmental
evolution of the Nile Delta was characterised by the replacement of
“Large-Scale Crevassing” environments (dynamic, swampy wetlands with extensive ﬂoodbasins and anastomosing channels), by
more well drained, less dynamic ﬂoodplains hosting single-channel
river networks with wide levees. The sediments which record these
two different environments are named here as the Bilqas 2 and
Bilqas 1 Members, and sit within an updated stratigraphic framework for the uppermost Nile Delta deposits.
The “Large-Scale Crevassing” environments ﬁrst existed near
the shoreline c.8000 cal BP, before they expanded to cover much of
the delta plain for the next two or three millennia. Then, between
c.6000e5000 cal BP they were replaced by the later, better-drained
ﬂoodplain environments. Throughout this time period, topographic
highs within the ﬂuvial plain (turtlebacks) also became smaller and
less pronounced in their relief, while the contemporaneous
development of the coastal zone was marked by the “closing-up” of
the shoreline by barrier beaches, subsequent progradation, the
development of coastal lagoons and marshes, and the establishment of a clear separation between the marine and ﬂuvial domains.
These changes in the landscape were some of the most major
environmental shifts taking place in the Nile basin during this time,
and were effected primarily by a mid-Holocene decrease in the rate
of relative sea-level rise, within the context of weakening Nile
discharge due to hydroclimatic changes associated with the ending
of the “African Humid Period”.
While the landscape models presented in this paper represent
the best available synthesis of the Nile Delta's mid-Holocene evolution, they still provide only a general picture of bulk landscape
change, at a relatively coarse level of resolution. To move beyond
this there is a real need to collect more chronostratigraphic and
other data, particularly from the central and southern delta.
However, even as the models stand they are sufﬁcient to begin
to be used for site prediction purposes. Archaeological exploration
for early sites should focus on the areas of reconstructed turtlebacks, where many Predynastic settlements were founded
 ska, 2011, p. 886). A particular area of note is that around
(Maczyn
Buto in the north-west delta. Comprising an area of sandy hills but
with easy access to large, productive coastal lagoons and wetlands
as well as the ﬂuvial ﬂoodplain, and having a connection to the sea,
this would have been a prime position for early settlement.
The models can also begin to be incorporated into discussions of
contemporaneous developments in the human sphere over the
e. Relationships exist between rivers, their environlongue dure
ments and channel networks, and societal change (Giosan et al.,
2012; Hassan, 1997; Jotheri et al., 2016; Macklin and Lewin,
2015), and social trajectories leading to the emergence of the
Ancient Egyptian state c.5050 cal BP need to be considered in light
of the environmental evolution presented in this paper. In particular, the delta-wide transformation revealed here between 6000
and 5000 cal BP would have had a signiﬁcant archaeological impact
in relation to agricultural technologies. This time period is one in
which the economic basis of (Lower) Egyptian society broadly
changed from a mixed strategy involving ﬁshing, hunting, herding
and low level agriculture, to a predominantly agrarian mode of

B.T. Pennington et al. / Quaternary Science Reviews 170 (2017) 212e231

subsistence reliant upon ﬂoodwater farming of cereals (Hassan,
2010; Tassie, 2014). Such a shift could be interpreted in terms of
these changing environments (Pennington et al., in prep.). The
dynamic wetland landscapes of the Bilqas 2 Member may not have
been so conducive to intensive cereal agriculture, instead affording
opportunities centering on the exploitation of aquatic resources
(Wilson et al., 2014). The subsequent change to drier ﬂoodplains
behind levees would have facilitated agricultural expansion and
intensiﬁcation and the move from subsistence activities to the
production of a surplus. This could then have funded population
growth, leading to the foundations of later social complexity
(Castillos, 2011; Hassan, 2010; Kemp, 2006).
Further targeted geoarchaeological and archaeological research
at both a local and regional scale within the delta will be able to
inform more on speciﬁc links between the natural landscape and
human culture.
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a b s t r a c t
Thirty-ﬁve auger cores (covering an area of c. 1 km2) were undertaken at the ancient site of Naukratis in the Nile
Delta, an important trading port from c. 620 BCE until 650 CE, supplemented by an Electrical Resistivity Tomography (ERT) proﬁle. These data inform on the location and navigability of the Canopic branch of the Nile, a river
that was a major communication, trade and transport artery between Egypt and the Mediterranean during this
period; and on the evolving relationship between the river and the port of Naukratis, Egypt's primary Mediterranean trade hub during the Late Period (664–332 BCE). The Canopic branch of the river was located to the west of
the settlement and was c. 5 m deep and c. 200 m wide, aggrading at 1.1–2.4 mm/yr. During the Late Period the
river channel abutted the site, before migrating westwards, away from the edge of the town, during the closing
centuries BCE. A swampy backwater was left directly beside the site, which silted up and was built over in Roman
times. The river itself ceased to ﬂow during the later ﬁrst millennium CE, after which it was canalised.
© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

1.1. Previous research on the Canopic

The Canopic branch is the westernmost of the ancient trunk channels of the river Nile in the Nile Delta (Fig. 1), and was a major trade
route into Ancient Egypt between the Late Period and Byzantine
times, before silting up at the end of the ﬁrst millennium CE (Cooper,
2014). Today it is all but invisible at the surface. Over the past thirty
years, both geoarchaeological and text-based investigations have been
undertaken to help understand the evolving relationships between
the Canopic, contemporaneous settlement, transport, and navigation;
an increasingly detailed picture is now emerging for different portions
of the river. Unfortunately, however, the spatial dimensions of the
river (and thus its capacity for carrying large seagoing vessels) are
unknown; and its relationship to the major port of Naukratis c. 70 km
upstream has been controversial for over a century (Thomas and
Villing, 2013). In order to resolve these longstanding controversies at
Naukratis, as well as shed light on the dimensions and navigability of
the river, an auger survey was initiated in the context of new archaeological ﬁeldwork at the site (Thomas, 2014, 2015; Thomas and Villing,
2013; Villing et al., 2013-2015).

Both textual sources and geoarchaeological evidence have been used
to suggest the overall course of the Canopic, as well as shed light on its
demise. Ancient sources mention the Canopic river in the context of
being one of the two main trade routes (along with the eastern Pelusiac
branch) into Egypt during the Late Dynastic, Hellenistic and Roman
periods (Herodotus 2.179; Strabo 17.1.4; Ptolemy 100–2; see Cooper
2014, p. 30; Möller, 2000) and into the Byzantine period (Cooper
2014, p. 30; Sijpesteijn et al., 2011), between c. 664 BCE and 640 CE.
At the main river mouth, the important ports of Herakleion and Canopus were located (Constanty, 2002; Goddio and Fabre, 2008; Goddio,
2007), destroyed following successive catastrophic events in the 2nd
century BCE and the 8th century CE. Texts suggest that the river then appeared to have suffered a gradual demise and loss of navigational capacity during the Islamic era (Cooper 2014, pp. 58–60, 63, 122, 201, 209,
251; Bernard, 1970; Tousson, 1922, 1925, 1934), although seasonal,
possibly canalised, vestiges survived into the 13th, 15th and possibly
17th centuries CE (Cooper, 2014, p. 60).
Much of the river's course has been reconstructed along the Islamicera Abu Diyab canal (Cooper, 2014), although sources record an additional channel having been constructed in the late 4th century BCE
when the waters of the Canopic branch were split at Schedia
(Bergmann and Heinzelmann, 2004; Blue and Khalil, 2011, pp. 9–11,
see Fig. 1), to provide a navigable link to the new city of Alexandria.
This channel also suffered a gradual demise during the Islamic period,
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Fig. 1. Map of the Nile Delta showing positions of river channels, lagoonal areas and localities mentioned in the text: 1) Naukratis; 2) Alexandria; 3) Herakleion/Canopus; 4) Schedia; 5) Itay
el-Barud; 6) course of the Canopic as traced by Wilson (2007); and 7) location of Fig. 2.

and it was only through regular canal-building schemes and channel
maintenance that navigable routes to Alexandria were maintained
(Cooper 2014, pp. 63–65).
The research that has thus far been carried out on the Canopic river
within a scientiﬁc framework has generally served to back up the textual
evidence. At the mouth of the Canopic in Abu Qir bay, core-drilling and
analysis of SRTM imagery (Chen et al., 1992; Stanley and Jorstad, 2006;
Stanley et al., 1996, 2004) were used to suggest that the river ceased to
ﬂow at the end of the ﬁrst or the beginning of the second millennium
CE, in broad agreement with the textual evidence which notes a demise
through the Islamic era. These studies also further showed that the
Canopic was in existence since c. 4000 BCE (Stanley et al., 2004). The
splitting of the waters at Schedia is also conﬁrmed by auger and magnetometry surveys (Ghazala and El Shahat, 2005; Strutt, 2005), while its
course upstream along the Abu Diyab canal has been broadly conﬁrmed
by analysis of satellite images, Survey of Egypt 1:50,000 maps and
Edelman-style hand auger surveys as part of the Western Nile Delta Regional Survey (El-Awady, 2009; Wilson and Grigoropoulos, 2009, pp.
68–69; Wilson, 2007, 2010), as well as by electrical resistivity analysis
(el-Gamili et al., 1994).
1.2. Previous research at Naukratis
From the late 7th century BCE onwards, Naukratis – situated c.
70 km upstream of the sea on the Canopic river – was one of the most
important ports in Egypt, where trade between Egypt and the Greek
Mediterranean was concentrated and regulated (Arnauld, 2012; Herodotus 2.179; Möller, 2000). Unfortunately, while the course of the
Canopic has been mapped directly north of Naukratis (el-Gamili et al.,
1994; Wilson, 2007, 2010; see Fig. 1) the relationship of the Canopic
branch in its middle section to this major port town has never been
well-understood, despite over a century of archaeological research at
the site (Thomas and Villing, 2013).
Naukratis was originally excavated by Flinders Petrie and Ernest
Gardner between 1884 and 1886 (Gardner, 1888; Petrie, 1886), then
by David Hogarth in 1899 and 1903 (Hogarth et al., 1899, 1905). Since
that time the site has constantly been under threat from the actions of
sebbakhin (local farmers who dig out the mudbrick for use as
fertilizer on their ﬁelds), and during the early 20th Century this
quarrying continued such that by the time the next archaeologists
to work at the site arrived in the 1970s and 1980s (Coulson and

Leonard, 1979; Coulson, 1996; Coulson et al., 1982; Leonard, 1997,
2001), the area where previous excavations had been was by
then an enormous man-made lake some 3 or 4 m deep (Fig. 2).
Recently the lake has been drained, access to the site of the
original excavations is now possible, and new archaeological
and geoarchaeological ﬁeldwork has been undertaken at the
site since 2012 (Thomas, 2014, 2015; Thomas and Villing, 2013) as
part of an on-going reassessment of Naukratis by the British Museum
(Villing et al., 2013-2015).
The location of the Canopic relative to the settlement has been controversial since excavations began. Ancient textual sources conﬁrm that the
Canopic existed near the site in antiquity (Herodotus 2.97, 2.179; Strabo
17.1.4; Ptolemy 100–2), but these texts are contradictory on where the
river was located, with Herodotus possibly placing it to the west, and Strabo and Ptolemy to the east (Bernard, 1970, pp. 618–623; Möller, 2000, pp.
115–116; Petrie, 1886, pp. 2–4). Geoarchaeological evidence to locate the
position of the river relative to the site is also both ambiguous and limited
(Thomas and Villing, 2013, pp. 91–94). Petrie initially suggested the river
abutted the western edge of the site on the basis of a “thick bed of black
mud” at the western limit of the town (the western margin of the
modern-day lake) which he thought was “some old dock or pond” for
sea-going vessels (Petrie, 1886, p. 10). Hogarth instead placed the river
to the east, based upon ﬁnding “clean wet black river sand” at the base
of his pits at Rashwan, just north of Abu Mishfa (Hogarth et al., 1905,
pp. 122–123).
Sedimentary information from a borehole survey of fourteen cores
carried out as part of the ﬁeldwork in the 1970s and 1980s (Coulson,
1996, p. 9; Leonard, 1997, p. 28; Villas, 1996) (Fig. 2, Table 1) was
then used initially to suggest the river ﬂowed southeast-northwest,
through the town (Coulson et al., 1982, p. 75; Möller, 2000, p. 116),
and in a future publication southwest-northeast, also directly through
the centre of the settlement (Villas, 1996). Neither of these scenarios acceptably meshes with the archaeological evidence (Thomas and Villing,
2013), and the placement of the majority of the boreholes of this survey
within the conﬁnes of the ancient town makes it difﬁcult to believe the
conclusions about the regional geology. Finally, the results of regional
electric resistivity analysis (el-Gamili et al., 1994) suggested the river
ﬂowed in two channels, one either side of the settlement. Clearly, a
new programme of geoarchaeological ﬁeldwork was required in order
to resolve the controversy surrounding the position of the Canopic relative to the site.
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Fig. 2. Locations of boreholes drilled as part of the current study and in earlier surveys. Section line Y-Y′ is the line of the ERT proﬁle of Strutt and Thomas (2014). The lake occupies the
position of the main nineteenth-century excavations at the site of Naukratis; the archaeological features indicated are those marked on maps by Gardner (1888); Hogarth et al. (1899,
1905); Petrie (1886).

1.3. Navigation on the Canopic
Despite the documentary evidence attesting to Naukratis' importance as a Mediterranean port, recently the navigability of the river for
seagoing vessels and the role of Naukratis in Mediterranean trade
have also been called into question, with some scholars arguing that
only small river barges (baris) could reach the town during antiquity
(Fabre, 2005, p. 72; Höckmann, 2008/9). This interpretation is based
upon the assumption that the ancient river environment was similar
to that in the Islamic period and later. By the end of the 18th century
CE the Alexandrian canal which replaced the Canopic is known to
have only been 1.2 m deep (Cooper, 2014, p. 68), and thus in the delta
at this time only low draft (0.5 m, 8 tonnes) boats could operate all
year; larger ships (1.5 m, 60 tonnes) were restricted to a period of
7 months (Cooper, 2014, pp. 111–113).
However, this is not characteristic of earlier Roman and Ptolemaic
times, for which documental evidence records the presence of many
and varied craft across the Delta, some of which were very large.
These include: polykopon (a multi-oared vessel), zeugmatikon (catamaran or outrigger boat), thalamegoi (cabin boat), platypegia (wide barge),
kontoton (poled vessel), hodega ploia (pilot boats), and pakton (reed
boats), as well as large vessels carrying grain shipments (Khalil, 2012;
Lindsay, 1968, p. 259). At this time, grain was transported in vessels
such as ploion hellenikon, or “Greek boat” (copying earlier Mediterranean seagoing vessels such as the Kyrenia) with capacities of 2–
60 tonnes (Casson, 1995, pp. 340–341; Khalil, 2012; Lindsay, 1968, pp.
218–231), and other ships with a capacity of c. 2–500 tonnes (Khalil,

2012, p. 42; Lewis, 1983, pp. 142, 167–168). These large ships travelled
along the Canopic branch (Casson, 1984, pp. 70–86; Lewis, 1983, p. 165;
Rickman, 1980, pp. 231–235) all year round, during seasons of both high
and low Nile, at least until 354–374 CE, when ships are still attested carrying cargoes of up to 44 tonnes (Sijpesteijn et al., 2011, pp. 52–55, 63,
113). Earlier, during the 5th century BCE, tax registers similarly record
Greek and Phoenician merchant ships with a capacity of c. 40 and
60 tonnes coming into an unnamed Egyptian port, which may be
Naukratis (Briant and Descat, 1998; Höckmann, 2009).
This documentary evidence suggests that Naukratis was able to play
a full and active role in Mediterranean trade networks. However, to deﬁnitively know which types of vessels could have reached Naukratis
during antiquity, and thus establish with certainty the extent of
Naukratis' role as a Mediterranean sea-port, it is necessary to know
the paleo-depth of the Canopic river.
2. Methods
So as to understand the form, dimensions and location of the
Canopic river branch at Naukratis, an integrated approach was
employed that combined archaeological information, geophysical data
and core drillings. Cores were drilled at 35 points to an average depth
of 6.4 m (Fig. 2; Table 1) during three ﬁeld seasons in 2013, 2014 and
2015 using an Edelman-style hand auger; points were located using a
RTK-DGPS and total station. All cores were located relative to the
WGS-84 ellipsoid using RINEX data to an accuracy of 3.7 cm as described
in a previous publication (Thomas and Villing, 2013), and their

B.T. Pennington, R.I. Thomas / Journal of Archaeological Science: Reports 7 (2016) 180–188
Table 1
Locations and depths of augers drilled in the current survey (A00–A34); by Villas (1996)
(SM-01–SM-10); by John Gifford (Coulson, 1996, p. 9; Leonard, 1997, p. 28) (A–C). The positions of the augers undertaken in previous surveys have been corrected as described by
Thomas and Villing (2013). A12 terminated at a very shallow depth and is not shown.
Auger

Easting
WGS-84

Northing
WGS-84

Elevation/masl
EGM2008

Total
depth/m

A00
A01
A02
A03
A04
A05
A06
A07
A08
A09
A10
A11
A13
A14
A15
A16
A17
A18
A19
A20
A21
A22
A23
A24
A25
A26
A27
A28
A29
A30
A31
A32
A33
A34
SM01
SM02
SM03
SM04
SM05
SM06
SM07
SM08
SM09
SM10
A
B
C

30.5940
30.5897
30.5885
30.5889
30.5906
30.5933
30.5875
30.5914
30.5938
30.5953
30.5968
30.5906
30.5918
30.5916
30.5973
30.5919
30.5917
30.5905
30.5907
30.5900
30.5894
30.5897
30.5903
30.5899
30.5921
30.5895
30.5907
30.5930
30.5940
30.5951
30.5970
30.5906
30.5926
30.5933
30.5937
30.5937
30.5931
30.5937
30.5944
30.5937
30.5936
30.5907
30.5903
30.5941
30.5930
30.5933
30.5936

30.8947
30.8952
30.8948
30.8992
30.8992
30.8971
30.8973
30.8953
30.8958
30.8959
30.8964
30.8953
30.8954
30.8955
30.8965
30.8986
30.9017
30.9001
30.9001
30.8998
30.9000
30.8995
30.9009
30.9009
30.9018
30.9008
30.9009
30.9013
30.9013
30.9013
30.9011
30.9006
30.9026
30.9013
30.8951
30.8953
30.8959
30.8973
30.8961
30.8986
30.9008
30.8992
30.9004
30.8945
30.9021
30.9008
30.8950

5.58
5.37
5.35
5.35
4.62
3.62
5.34
4.97
4.86
5.14
4.96
4.87
4.76
4.85
4.97
1.04
1.48
2.41
1.83
5.16
5.07
4.84
4.84
4.90
1.29
5.07
1.76
2.06
4.59
5.07
5.04
2.18
4.91
4.44
6.09
5.34
5.04
3.08
5.57
4.91
4.83
5.14
5.14
6.04
4.74
4.34
6.14

7.2
7.1
6.6
7.1
7.2
7.5
4.9
9.0
6.0
7.6
6.8
4.8
7.0
7.3
6.5
5.5
8.8
5.4
7.2
3.3
4.1
6.0
6.5
3.3
8.4
4.1
7.1
7.2
7.2
6.2
7.1
5.5
6.6
4.8
6.0
5.2
5.6
4.1
5.8
6.0
6.0
5.3
4.0
5.9
6.5
5.0
9.2

elevations transformed to orthometric heights using the EGM2008
global geoid model (Pavlis et al., 2012) by subtracting 14.7789 m from
the WGS-84 ellipsoid heights. Details of the positions of all augers are
presented in Table 1.
Sediment was brought up in 10–20 cm chunks and removed from
the auger head onto a clean plastic sheet. It was recorded in terms of
grain size according to the Wentworth grade scale (Wentworth,
1922); approximate clast percentage and composition; organic content
and form; texture in terms of the USDA textural triangle; and sorting,
rounding and mineralogy where appropriate. Grain size and texture
were assessed using a hand lens and grain size comparator, and (for
silt and clay grade material) by feeling between the teeth. The abundance of each type of clast signiﬁcantly larger than the modal grain
size (e.g. sherds, rhizoconcretions, limestone fragments) was estimated
in the ﬁeld as a percentage of sediment volume with the aid of a reference sheet, as was the amount of organic matter. For sediments with a
modal grain size larger than 500 μm, the degree of rounding of the sediment was estimated, as was the degree of sorting for sediments with a
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grain size larger than 63 μm. These were both estimated on a ﬁve-point
scale (very well sorted/well rounded to poorly sorted/very angular). A
general description of the sediment was also made, and the mineralogy
(if readily identiﬁable) noted.
Within the sediments, anthropogenic material, artefacts, faunal and
ﬂoral remains were also found. The most numerous of these were
sherds of ceramic vessels. Over 700 large (N1 cm) sherds were separated from the sediments and analysed in terms of their form and fabric, in
order that they could be dated and then used to provide a chronology
for the deposition of the sedimentary layers. Given the very large size
of these ceramic fragments in relation to the grain-size of the surrounding sediments; the negligible degree of rounding and often the typology
of the material being speciﬁc to Naukratis the sherds were assumed to
have not been transported from elsewhere by ﬂuvial activity. Greater
chronological precision was possible when distinctive indicator sherds
(rims, handles or bases), decoration or imported fabrics were
discovered.
In addition to the auger survey, Electrical Resistivity Tomography
(ERT) geophysical prospection was undertaken using an Allied Associates Tigre ERT, as described by Strutt and Thomas (2014). A line
15.4 m deep running 900 m East-West across the southern part of the
entire site (along line Y-Y′ on Fig. 2) was carried out to inform further
on the geology of the area and back up the sedimentary interpretation
offered from the coring survey.
The geological evolution of the area, and the geoarchaeology of the
site, were established through the description and analysis of the sedimentary sequences recovered, in tandem with data from the ERT transect (Strutt and Thomas, 2014) and the re-interpretation of data from
the 13 cores drilled previously at the site for which data is available
(Coulson, 1996, p. 9; Leonard, 1997, p. 28; Villas, 1996). (The sedimentary record of the ﬁnal core: “core D” was never published). The locations of these older cores were established by georeferencing the
maps on which they were displayed and correcting for survey errors
as described by Thomas and Villing (2013).
The recognition of a paleo-river channel within sediments is
achieved through comparison of the collected sedimentary data with a
model system, comprising a characteristic and well-understood suite
of sediments that are deposited around channels, governed by the patterns of paleo-water ﬂow (Allen, 1965; Bluck, 1976; Bridge, 1993, 2003;
Coleman, 1969; Collinson, 1978, 1996; Miall, 1992, 1996). Once the existence of a paleo-channel was conﬁrmed, aspects of the paleo-river geometry, such as its width, minimum and maximum depth, were then
estimated using empirical equations between paleo-channel-geometry
and characteristics of the preserved sediments. Some of these equations
(Bridge and Mackey, 1993; Collinson, 1978; Fielding and Crane, 1987;
Lorenz et al., 1985), aim to predict maximum bankfull water depth d,
average bankfull water depth dm, and channel width wc, given either
the vertical thickness, T, or the horizontal width, w of the observed
channel bar deposits: parameters which can be extracted from the
data collected by hand-augering (Table 2). Other empirical formulae
(Bridge, 1997; Leclair and Bridge, 2001; Leclair et al., 1997) have used
the geometry of preserved sedimentary bedforms in order to do the
same, but hand-augering is not a viable method by which these data
can be collected.
Table 2
Empirical equations relating geometric quantities of river channels. d = maximum
bankfull water depth; dm = average bankfull water depth; wc = channel width; T =
vertical thickness of channel bar deposits; w = horizontal width of channel bar deposits.
#

Equation

Standard error (log units)

Reference

1
2

w = 6.89 wc0.99
w = 192.01

0.233
0.324

Bridge and Mackey (1993)
Bridge and Mackey (1993)

3
4

dm1.37
w = 59.86 dm1.80

1 ≤ T d ≤4:3
dm = 0.57 d

n/a
n/a

Bridge and Mackey (1993)
Fielding and Crane (1987)

n/a

Bridge and Mackey (1993)
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3. Results

3.1. Cores in the far west

The cores drilled in the current study are discussed in three
groups on the basis of the sediments encountered. The cores located
to the far west (A01, A02, A03, A06, A07, A11, A21, A22, A26), in an
area ignored by previous scholarship, comprise the ﬁrst set. The second set of cores comprises those drilled at the south-western (A13,
A14) and north-western (A04, A18, A19, A23, A27 and A32) sides
of the settlement, as well as two shallow augers slightly further
west (A20 and A24). The ﬁnal set of cores was drilled within the
area of the ancient settlement (A00, A05, A08, A09, A16, A17, A25,
A28, A29, A33 and A34) and to its east (A10, A15, A30, A31),
documenting comparable sediments to those recorded in earlier surveys in this area (Coulson, 1996; Leonard, 1997; Villas, 1996). This
ﬁnal set of cores is not discussed here, and will be presented in future
publications on the more general paleoenvironmental setting of
Naukratis. The sedimentary records of all cores discussed herein
are presented on Fig. 3.

The cores in the ﬁrst set (A01, A02, A03, A06, A07, A11, A21, A22,
A26) overall record a very clear continuous ﬁning-up sequence, but
can be thought of as being composed of three individual stratigraphic
units (Fig. 3). The lowermost unit, “Unit A” consists of ﬁne and medium
very-well-sorted sands with occasional layers of coarser sand as well as
isolated granules and pebbles. The sands contain no silt fraction, consist
predominantly of well-rounded quartz grains and are non-micaceous.
These deposits are “barren”, containing virtually no clasts or inclusions.
Sedimentary structures appear absent, but this may be because of the
unconsolidated nature of the recovered sediments. This unit is observed
to be coarser in the west (augers A06 and A02) than in the east.
Further up in these cores, Unit A grades into Unit B. At its base, this
unit generally comprises barren ﬁne sands which differ from those in
Unit A by the minor presence of mica; a very small proportion of siltgrade material (texturally, however, the sediments are still sands);
and a slightly browner colour. Progressing upwards through Unit B,

Fig. 3. Geological logs of the augers drilled to the west of the site. Three columns of data are displayed for each auger. The left-hand column displays lithological information, while the
centre column groups the deposits into stratigraphic units. In the right-hand column the presence of a pink bar indicates the occurrence of ceramic material.
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the modal grain size decreases, the deposits texturally shift from sands
to loamy-sands and then to sandy-loams or loams, and the deposits
eventually become predominantly very ﬁne sands or very coarse silts
with a modal grain-size usually between 60 and 70 μm. The colour
change from yellow/clear to brown becomes pronounced and the
sediments also become progressively more micaceous. There is also
more variability within this unit than in Unit A, in that there are
thin (b0.5 cm) layers containing organic-rich material, occasional
areas of black organic staining, and variations in grain-size variously
comprising: mm-scale layers of coarser material; cm-scale ﬁningupwards sequences (usually very-ﬁne sands to coarse silts); also variations at a 10–20 cm-scale as displayed on Fig. 3. Both units A and B are
encountered higher (and they are coarser) in the western cores than
those in the east, suggesting that the units both slope upwards to the
west. There is a potential indication that there are two second-order
ﬁning-up cycles within Unit B in core A03.
In these far western cores, both units A and B very occasionally
contain pottery. A possible Greco-Roman body sherd was found
near the base of A01, and undateable sherd material was also recovered from A26 within Unit B. Signiﬁcant quantities of Byzantine pottery dated c. 350–650 CE were found within A22 at a depth of − 0.93
to − 1.17 masl within Unit A.
Lying atop Unit B is Unit C, composed of brown silts with a modal
grain-size varying between 10 and 30 μm, containing sherd material,
limestone fragments, rhizoconcretions and black nodules which together make approx. 1–2% of the sediment by volume, rising to 5–10% in the
top metre. The sherd material is mixed but comprises mostly Roman or
Greco-Roman fragments. This unit also contains a higher proportion of
organic matter than Unit A or B. The uppermost 40 cm of this unit contains the modern soil proﬁle.

stratiﬁed but comprises mixed Late Period, Early Ptolemaic and Late
Ptolemaic fragments.
This observed succession of these two distinctive and differing
sedimentary units (units B and D) can also be correlated with the
older cores SM-8 and SM-9 (Villas, 1996). SM-8 similarly broadly
records two sedimentary units. At its base it consists of ﬁne and veryﬁne sand (correlated with Unit B of the present survey), while further
up the material is recorded as being ﬁner and seems to contain organic
matter (correlating with Unit D). SM-9 is shallower and so only records
the upper, ﬁner, more organic-rich Unit D. In both cores, ceramic fragments are found at all depths (Villas, 1983) the dating of which corroborates with the present survey.
Above Unit D, cores A18, A19, A27 & A32 (within the modern lake)
record up to 50 cm thick of black, smelly, clay-grade gloop that has
clearly been deposited within the modern lake; cores A13 and A14 (outside the modern lake in the south) record Unit C. However, cores A04 &
A23 (outside the modern lake in the north), record a new unit, Unit E.
These deposits are also observed in two other shallow augers near this
area (A20 and A24) and comprise brown-grey very inhomogenous sediments with very abundant pottery (up to 60% by volume), occasional
bone fragments, some organic material, charcoal and occasional seeds
within a matrix that varies between ﬁne sand and coarse silt. In A04,
the base of this unit is marked by a distinct 40 cm-thick horizon made
up almost entirely of Roman pottery fragments. In A20 and A24 the
sherd material comprises large amounts of Byzantine and Roman material with some earlier fragments.

3.2. Cores at the margin of the settlement

Cores located to the far west of the site, where no drilling had been
carried out by any previous workers, contain simple ﬂuvial sediments
that together provide overwhelming evidence that the Canopic branch
once existed at this location, migrating westward with time. Units A
and B together form a textbook example of a ﬁning-up sequence typical
of channel bar deposition within an active river channel. The very wellsorted, well-rounded quartzose medium-ﬁne sands of Unit A are
interpreted as lower bar deposits, while the slightly more loamy, micaceous ﬁner sands of Unit B, with occasional intercalated siltier lenses
and minor organic layers, as well as evidence of minor internal ﬁningup cycles are interpreted as upper bar deposits, possibly grading into
minor levee deposits. The westward-coarsening of sediments at equivalent depths, and the upward sloping nature of the sandbody in this direction, are observed in both the augers and the ERT proﬁle (Strutt and
Thomas, 2014) and suggest lateral migration of the river channel in a
westward sense. Four auger cores drilled to the east of Naukratis (A10,
A15, A30, A31), which encounter 5.5 m of silty deposits below the surface layers, show that the continuous sandbody of coarse material
(Strutt and Thomas, 2014) extends no further east than the vicinity of
A13; and that no river channel existed in this location while Naukratis
was occupied.
Lying above Units A and B is Unit C. The signiﬁcantly ﬁner nature of
these sediments suggests that they are ﬂoodplain silts, deposited after
the Canopic river had ceased to ﬂow in the vicinity. Unfortunately, due
to the lack of ceramic material dating from after c. 650 CE, it is impossible to provide a reliable estimate for the date at which this transition occurred. However, given that the sandy sediments of Canopic origin
(units A and B) persist only below 3.3 masl and the present-day ground
surface is around 5.3 masl, and assuming that since the demise of the
Canopic branch background sedimentation rates has been 1.4–2.5 mm
per year (Wilson et al., 2014, p. 25), the river must have ceased to
ﬂow between c. 650 CE and c. 1200 CE. This matches archaeological evidence that suggests that Naukratis functioned as a riverside settlement
until c. 650 CE. While this is not a small time-window, it is in agreement
with previous estimates (Chen et al., 1992; Stanley et al., 2004), and

Most cores at the western margin of the ancient settlement of
Naukratis (A04, A13, A14, A18, A19, A23, A27 and A32) record two
main stratigraphic units below the modern layers (Fig. 3): ﬁne sands
of Unit B underneath highly organic-rich silts (labelled as Unit D). In addition to these augers, an archaeological trench (Trench 8) was opened
entirely within unit D, and was able to provide further sedimentological
information on this unit.
In the cores in this area, Unit B persists only below −0.7 masl, and in
cores A19, A27 and A32 the unit is observed to unconformably lie on top
of earlier sediments (upon which on-going archaeological work is demonstrating that Naukratis was founded). In core A18, however, Unit B is
observed to grade into Unit A at the very base of the sequence. In contrast to the cores in the far west, however, in these cores unit B contains
large quantities of pottery (5–10% by volume). These abundant fragments of pottery date solely from between c. 620 and c. 500–330 BCE.
Above Unit B these cores record Unit D (between − 0.7 and
2.8 masl), which comprises very organic-rich, inhomogenous, dark
green to black sediments containing large quantities of anthropogenic
debris (generally 5–25% by volume; occasionally up to 80%) within a
silt matrix. The modal grain size of the clastic matrix usually varies between 25 and 45 μm, but the anthropogenic debris varies in size up to
N10 cm. This debris mainly comprises pottery (one piece of which
was inscribed), bone fragments, and pieces of worked wood, although
in the south (A13 and A14) large quantities of worked limestone fragments were also found. In addition to this debris, there are large quantities of plant remains, especially reedy material. Many of the plant
remains (as well as the wood) are decomposed, giving rise to the
black colouration of the sediments. The pottery within Unit D from the
augers in the north (A04, A18, A19, A23, A27, A32) and Trench 8 comprises a well-stratiﬁed sequence of later Late Period (450–330 BCE),
Early Ptolemaic (330–200 BCE) and Late Ptolemaic (200–30 BCE) material without any Roman debris. This is in contrast to the pottery within
Unit D as seen in the southern augers A13 and A14, which is not

4. Discussion
4.1. The Canopic branch of the Nile
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lends weight to the idea that the Canopic branch's “replacement”, the
Abu Diyab canal, was constructed during one of the maintenance episodes of the Alexandria canal during the Fatimid or Ayyubid periods,
possibly already by the mid-10th century but certainly before the 12th
century CE (Cooper, 2014, pp. 48–52).
The sedimentary data (Units A and B), as well as the ERT proﬁle
(Strutt and Thomas, 2014) thus provide ﬁrm evidence that the Canopic
existed to the west of the site. There is no indication of an eastern channel, and the suggestion of Villas (1996) that the Canopic river ﬂowed
SW–NE through the middle of the town can also be refuted. This particular interpretation had been originally based on her encountering sandy
deposits in augers SM-4, SM-6, and to a lesser extent in SM-1, SM-2 and
SM-3. The current survey also found comparable sandy deposits at the
same depth in similar locations, in augers A00, A05, A08 and others,
but these deposits are complex and inhomogeneous and do not represent deposition within any river channel contemporary with occupation. Based on a wider appreciation of the geology around the site,
some of these sands are probably cultural layers; others may represent
levee or crevasse sediments, but these will be discussed at length in future publications. If the previous surveys of Gifford and Villas had drilled
any cores in the simple ﬂuvial geology within the ﬁelds to the west of
the site, they would have dismissed any idea of the river existing within
the town.

4.2. Evolution of the river margin
The cores located at the margin between the settlement and the site
provide information on the evolving relationship between Naukratis
and its contemporary riverbank from c. 620 BCE to 650 CE and beyond,
a summary of which is provided as Table 3.
Initially, the Late Period waterfront was a sandy riverbank. This is
shown by the presence of the sandy Unit B, which was interpreted
above as representing upper bar deposits, and here forms the channel
margin contemporaneous with early occupation at the site. The abundant fragments of pottery from the unit date solely between c. 620
and c. 500–330 BCE thus giving an age for its deposition, contemporaneous with Late Period occupation at Naukratis. The unit's position at the
edge of the site is certain due to its direct onlap of the earlier sediments
in augers A19, A27 & A32 and its proximity to the contemporary archaeology. The top surface of the unit is situated at a minimum of 0.5–1 m
below the lowest archaeological layers in the settlement, thus it can
be seen as having formed a beach-like environment of sandy deposits
at a slightly lower level than the town.
Above Unit B, the organic-rich, fairly coarse silts of Unit D containing
large amounts of (worked and unworked) wood, reeds, pottery and
bone, represent a swampy environment, such as a marsh, a canal ﬁll
or some combination of these. In the north (A04, A18, A19, A23, A27,
A32), the stratiﬁed sequence of pottery shows that these sediments

were laid down between c. 450–330 BCE and 200–30 BCE. It thus
seems that around 400 BCE (at some point between c. 450 and
330 BCE) the main river channel altered its course to the west over a
short period of time, and the area then continually silted up under
quiescent conditions, forming a swampy backwater and later a marsh,
as suggested by the ﬁne-grained sediments (slow-moving water)
and well-preserved organics (poorly-oxygenated conditions). Into
this swampy marsh environment there was continual dumping of
domestic refuse, and also votive offerings as attested (for example) by
the inscribed pottery fragment. It is clear that the silting-up was
completed before Roman times, as there is no Roman pottery recovered
from Unit D.
This fairly sudden change in sedimentary environment from Unit B
to Unit D could have come about in a number of different ways. Deposition of an intra-channel sandbar within the channel further west
(perhaps represented by the lower of two second-order ﬁning-up
sequences potentially observed within Unit B in auger A03), or construction of harbour facilities within the channel (to form enclosed
structures) may have restricted the river's ﬂow to its east, resulting in
a decrease in energy. Based on the evidence from the auger survey
and limited excavation (Trench 8), the former interpretation is
favoured, but the question can only be deﬁnitively answered with
further archaeological excavation.
Once the marsh had silted up entirely, it seems that the area was
built over during Roman times, and the “new” riverfront further west
was maintained until the end of the site's occupation. The large amounts
of Roman debris directly atop Unit D in Auger A04 could be related to
an effort to consolidate the ground layers and extend the town
area westwards over the old swamp. Augers A20 and A24 were
drilled further west, just east of the “new” waterfront and yielded
Byzantine (and Roman) cultural material. Magnetometry results
(Thomas, 2015, p. 254; Thomas and Villing, 2013, p. 93) have
shown there to be no archaeological deposits further to the west of
this Byzantine waterfront.
In the south (augers A13 and A14) the picture is slightly different.
Although the earlier sandy riverbank environment of Unit B is seen to
give way to a more organic-rich swampy environment (Unit D) in the
same sequence as in the north, the sediments of the “upper, swampy
unit” were not laid down continually through the later Late Period and
Ptolemaic times, but instead were all deposited at the end of the
Ptolemaic period, since the pottery from within the unit here consists
of mixed Late Period, Early Ptolemaic and Late Ptolemaic fragments. In
contrast to the stratiﬁed deposits in the north (attesting to continuous
deposition), the mixed sequence suggests that the southern area was
maintained and dredged during Ptolemaic times (before being left to
silt up at the end of this period), possibly providing a waterborne link
between the river and the ritual limestone quay serving the nearby
Egyptian temple of Amun-Ra during this time (Thomas, 2015, p. 254;
Thomas and Villing, 2013, p. 93).

Table 3
Summary history of the river margin at Naukratis. Full explanation given in the text.
Date

Bank height
(masl)

Channel depth
(masl)

Water depth
(m)

c. 620 BCE

0.16

c. 620 to c. 400 BCE
c. 400 BCE

1.30 to 1.67

−2.40 to −2.56

3.7 to 4.23

1.86 to 3.11

−0.93 to −1.17

3.23 to 4.28

c. 400 to 200–30 BCE
30 BCE to 350 CE
350 to 650 CE
650 to 1200 CE

Geoarchaeological history
Occupation begins at the site on the banks of the Canopic branch. River margin is a
sandy, beach-like environment.
Main river channel moves slightly westwards, sandy deposits accumulate at riverbank.
River dynamics result in the formation of a swampy environment at previous riverbank.
Main river persists further westward.
Backswamp/backwater persists at the previous waterfront; continually silts up in the north.
Dredging occurs in the south.
Backswamp/backwater abutting the settlement has silted up and is built over.
River bank now located c. 80 m to the west relative to 620 BCE, by A20 & A24.
Substantial Byzantine construction activity at “new” river margin.
Canopic branch moves to the west and eventually ceases to ﬂow. Abu Diyab canal maintained
450 m to the west of Naukratis.
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4.3. River geometry and dynamics
The average paleo-river geometry can be worked out from the ERT
proﬁle and auger data in conjunction with the equations in Table 2. As
explained in Section 2 it is theoretically possible to reconstruct channel
geometry from the vertical thickness T and horizontal extent w of
channel bar deposits (those deposits westward of A13). Unfortunately,
however, in the present survey exact values of T and w cannot be unambiguously suggested, only a minimum value. The base of the sandbody
was not penetrated, so T is unknown, and although w appears to be
370 m (from the westernmost point of the ERT survey along line
Y-Y′ on Fig. 2 to A13), it is possible that the sandbody extended even further to the west. However, minimum values of T and w can be given as
15.4 m (the depth of the ERT proﬁle of Strutt and Thomas (2014)) and
370 m respectively, and thus minimum values of dm, wc and d can be
suggested.
Working initially with the minimum channel bar deposit thickness
(Tmin) of 15.4 m, Eq. (4) in Table 2 gives a predicted minimum value
for maximum depth (d) between 3.6 m and 15.4 m, which corresponds
to a minimum value for average depth (dm) between 2.0 m and 8.8 m
(Eq. (5) in Table 2). A value of dm = 5 m seems reasonable.
Eqs. (2) and (3) in Table 2 instead use the minimum channel bar deposit width (wmin) of 370 m and predict signiﬁcantly smaller minimum
values for mean depth (dm) of 1.6 m and 2.75 m respectively. This mismatch with the estimates derived on the basis of Tmin suggests that the
actual channel bar deposit width (w) is signiﬁcantly larger than the
370 m minimum value (wmin) suggested and that the channel sands
do continue further to the west. If 370 m is used as an estimate of minimum channel bar deposit width (wmin), Eq. (1) in Table 2 predicts a
minimum channel width of c. 55 m; if on the other hand a channel
bar deposit width of some 1300 m is assumed (solving for w, assuming
dm = 5 m in Eqs. (2) and (3) in Table 2, returns estimates of 1740 m and
1080 m respectively), Eq. (1) in Table 2 predicts a channel width of c.
200 m.
A point-depth estimate for the area c. 12 m from the contemporary
river bank during the latter part of the Late Period can be suggested
using data from auger A18. Ceramics dated c. 400 BCE (450–330 BCE)
are present within sands of Unit A at a depth of −2.40 to −2.56 masl.
A contemporary bank deposit in Trench 8 was found at a level between
1.30 and 1.67 masl. This supplies an approximate point estimate of the
paleo-water-depth of 3.7–4.23 m next to the bank.
A point-depth estimate c. 30 m from the contemporary waterfront
for the Byzantine period can be calculated using data from auger A22.
Ceramics dated c. 350–650 CE are present within sands of Unit A at a
depth of −0.93 to −1.17 masl. A thick deposit on the riverbank nearby
(A20) with cultural material of the same period was found at 1.86 to
3.11 masl (capped with deposits dated 450–650 CE). Assuming the
water level during Byzantine time was at an elevation of at least
2.3 masl (given that this is the level of the top of the Late Ptolemaic
marsh – the top of Unit D) this points to a contemporary water depth
of c. 3.23–4.28 m.
These points can also be used in a reconstruction of in-channel aggradation rates and lateral migration rates. The bottom of the Canopic
river channel (next to the bank) at A18 during the latter part of the
Late Period (450–330 BCE) was 1.23–1.63 m below that of the Byzantine
period river channel in A22 (350–650 CE). This means the Canopic river
branch was vertically aggrading at a rate of 1.1–2.4 mm/yr during this
time. Furthermore, during the settlement's c. 1300 year history, the
east bank of the river channel migrated c. 84 m westward, from Trench
8 to just west of A24, at an average rate of some 6.6 cm/yr (albeit probably in a series of larger events interspaced by periods of slower
movement).
Overall, the data support absolute minimum probable values for the
average bankfull depth dm and the channel width wc of 2 m and 55 m
respectively; true values for both are likely to have been signiﬁcantly
larger and are suggested herein as c. 5 m and c. 200 m respectively.
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Point bankfull depths near the riverbank have been measured as c.
3.2–4.3 m. River levels commonly rose by one metre in the western
Delta during the annual ﬂood, or high Nile (August–October; Cooper,
2014, p. 110), which means depths near the riverbank would have presumably dropped to c. 2.2–3.3 m when waters returned to normality
during periods of low Nile (December–June). Further out in the channel
the depth is likely to have been greater.
5. Conclusions
It is clear that the Canopic branch of the river Nile ﬂowed to the west
of Naukratis throughout antiquity, though the main body of the river
moved over 80 m westwards during the settlement's occupation,
silting-up sometime between 650 and 1000 CE or a little later. Thus
the century-long question of the spatial relationship between the
ancient settlement and the river is ﬁnally answered. Furthermore, the
observed sedimentary sequence at the interface between the site and
the river documents aspects of the evolving relationships between the
inhabitants as they responded to the migration of the river westwards
away from the edge of the settlement in different ways. In the south,
during Ptolemaic times there was presumed dredging and the maintenance of a waterway, possibly serving the nearby temple of Amun-Ra;
in the north the area seems to have been left to silt up naturally, until
it was consolidated and built over during Roman times.
The Canopic river channel was large, probably some 200 m wide and
an average of 5 m deep across its width, with measured paleo-depths
near the bank ranging from c. 3.2 to 4.3 m. Taking these dimensions
into account, it is clear that the Canopic branch of the Nile afforded navigational capacity superior to that of the Alexandrian canal which replaced it during the Islamic period, and was deep enough and
navigable all year round for sea-going ships with a draft of at least 2 m
(and probably more), from the Late Period onwards until at least the
7th century CE. It must have been one of the widest and deepest river
branches of the Nile Delta during Egypt's Late Period (664–332 BCE),
as suggested by the ancient historians and geographers (Herodotus
2.179, Strabo 17.1.4, Ptolemy 100–2). With a draft of c. 1.5 m, the
early 4th century BCE Kyrenia (which sank off Cyprus with 17 tons of
cargo in the early third century BCE: Casson, 1994, p. 109; Gillmer,
1994, p. 127; Parker, 1992, p. 231; Steffy, 1985) would thus have easily
been accommodated at Naukratis. Of course, the Kyrenia was probably
smaller than many of the grain transports and other ploia hellenika
that would have also sailed along the Canopic with their crews, facilitating Naukratis' role as a port of Mediterranean trade.
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During the mid-Holocene, the first large-scale civilizations emerged in lower
alluvial systems after a marked decrease in sea-level rise at 7–6 kyr. We show
that as the landscapes of deltas and lower alluvial plains adjusted to this decrease in the rate of relative sea-level rise, the abundance and location of
resources available for human exploitation changed as did the network of
waterways. This dynamic environmental evolution contributed to archaeological changes in the three fluvio-deltaic settings considered herein: Egypt,
Mesopotamia, and the Huang He in China. Specifically, an increase in the scale
and intensity of agricultural practice, and the focussing of power toward a single city can be interpreted as responses to these environmental changes. Other
archaeological observations, and the cultural trajectories leading to the formation of the Primary States also need to be considered in light of these evolving
C 2016 Wiley Periodicals, Inc.
landscapes. 

doi 10.1002/gea.21539

INTRODUCTION
During the mid-Holocene, significant changes occurred
globally in human activity. Along with widespread adoption of agricultural practices, developing social stratification, and division of labor came the initiation of
large-scale settlement, construction of monumental architecture, and the formation of civilizations such as
Sumer, Egypt, China, the Indus Valley, Central America, and Peru (Stein, 2001). These changes broadly coincided with a marked decrease in the rate of eustatic
sea-level rise (Fleming et al., 1998). While a number of
authors (e.g., Stanley & Warne, 1997; Kennett & Kennett, 2007) have suggested a possible link between these
sea-level changes and the contemporary human events,
the subject has never been investigated on a global scale.
This current lack of focused investigation contrasts with
the volume of geoarchaeological research into the impacts of climatic fluctuations at this time: changing aridity
and temperature have been invoked to explain aspects of
mid-Holocene cultural trajectories in a number of studies
(Hassan, 2002; Brooks, 2006).
In this paper, we examine the geoarchaeology of Egypt,
Mesopotamia, and the Huang He in China, to determine whether natural remodelling of coastal and fluvio-
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deltaic environments in response to decreased rates of
sea-level rise could have promoted the observed changes
in human behavior and settlement patterns through
stimulating changes in the abundances and distributions of nutritional and other resources within the landscape. First, a global fluvial model is developed and applied to these settings in order to understand their bulk
landscape evolution. Then, three basic human needs
are considered: nutrition, water supply, and a means
of transport (all of which are fundamentally derived
from the environment) and we explore how patterns
of these resources would have evolved in these landscapes. Finally, we interpret specific shifts in human
behavior during the mid-Holocene in terms of these
environmental and resource changes.

EUSTATIC SEA-LEVEL CHANGE AND
DELTAIC LANDSCAPES
In the early Holocene, sea-level rose rapidly as glaciers
melted, and then slowed around 7000–6000 years ago as
shown in Figure 1 (Fleming et al., 1998). While meltwater pulses likely provided some additional complexity, world deltas undoubtedly developed in a regime of
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Figure 1 Holocene sea-level rise curve (after Fleming et al., 1998). Vertical
error bars represent uncertainties in elevation relative to sea level, and
horizontal ones represent the error in dating. Note the inﬂexion point.

rapidly rising sea-level in the early Holocene and subsequent slow sea-level rise in the mid-to-late Holocene
(Stanley & Warne, 1994). The rate of sea-level rise acts
as the first-order control on the landscape in both the
coastal environment and the fluvial region, as it dictates
the rate of creation of accommodation space into which
sediments can be deposited. To a first-order approximation, landscape changes driven by this decrease in the rate
of sea-level rise (decrease in the rate of creation of accommodation space) should be widely observed and nearsynchronous globally. Variations in the other controlling
parameters of landscape morphology between different
regions: climate; tectonic–isostatic regime; subsurface topography; would have caused differences in the timing
and magnitude of the landscape change between various settings. Local tectonic or isostatic subsidence, for example, would also have affected the rate of creation of
accommodation space, while climatic factors (increased
rainfall, for instance) could affect the other side of the
volumetric balance by increasing or decreasing the rate
of sediment supply.
In order to develop a global model for the broad landscape evolution of fluvio-deltaic settings, we look first at
the Rhine (Berendsen & Stouthamer, 2001) and Mississippi (Aslan & Autin, 1999) river systems. As they are
among two of the best studied fluvial systems in the
world, they document a landscape history that might
be expected in regions elsewhere. These systems show a
strong contrast between their early and later Holocene
behaviors, which can be attributed to the decrease in the
rate of sea-level rise.

Coastal Regions
During the early Holocene and in coastal regions of these
deltaic areas, fast rates of sea-level rise and thus a high
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rate of creation of accommodation space resulted in overall transgression of the sea and retreat of the coastline to
a point well inland of its present position. The coastline
opened in many places with saltwater incursion into extensive estuarine and tidal-flat environments (Berendsen
& Stouthamer, 2001). Delta-lobe formation was initiated
at this time (Stanley & Warne, 1994).
In the later Holocene, as the rate of sea-level rise decreased, the coastline began to stabilize and formed a continuous strand, including beach-barrier systems, before
prograding seaward as the rate of sediment supply exceeded the rate of creation of accommodation space and
gradually advancing to its present location (Berendsen &
Stouthamer, 2001). Freshwater outlets became fixed for
longer periods and saltwater inlets scarcer. As a result,
the estuarine environment shrank and a clear separation
between the freshwater and saltwater domains developed. At the interface, lagoons and salt marshes became
major landscape features (Berendsen & Stouthamer,
2001).

Fluvial Regions
During the earlier Holocene, downstream fluvial regions
of these rivers were characterized by high rates of inchannel aggradation, little or no lateral channel migration, multichannel networks, frequent avulsion, continuous crevassing, fast flood plain aggradation, poorly
drained swampy and wetland landscape formation, little or no large-scale soil development, and accumulations
of complex flood basin sediments varying substantially
both laterally and vertically (Hageman, 1969; Törnqvist,
1993a,b; Makaske, 1998; Aslan & Autin, 1999; Berendsen & Stouthamer, 2001). These landscape characteristics
came about as a direct result of the rapid rate of sealevel rise during the early Holocene. Fast rates of creation of accommodation space would have produced inchannel aggradation by reducing the river gradient, causing a corresponding reduction in energy to transport sediment, and decreased shear stress of the water on the
river-bed. Fast in-channel aggradation, in turn, would
have led to channel superelevation (Mohrig et al., 2000;
Jerolmack & Mohrig, 2007), since to maintain a constant volumetric flow while the river-bed is silting up, the
channel builds its margins above the surrounding flood
basin. Superelevation then would have led to widespread
crevassing and frequent avulsion (Mohrig et al., 2000;
Jerolmack & Mohrig, 2007; Jerolmack, 2009). Crevasse
splays form as a river seeps continually through a break
in a levee, forming a splay of small-scale channels diverging locally into the surrounding flood basin where
the water eventually drains into the ground. In many
cases, avulsions develop from crevasse splays as a river

C 2016 Wiley Periodicals, Inc.
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Figure 2 Diagram to show the “LSC” river environment during inundation of deltas by rising sea-level (after Weerts, 1996; Berendsen & Stouthamer,
2001).

catastrophically abandons one channel to forge or reoccupy another (Slingerland & Smith, 2004). Frequent
crevassing and flooding into the basins between channels
resulted in fast flood plain aggradation. Ultimately, therefore, fast in-channel aggradation resulted in rapid flood
plain aggradation (Smith et al., 1989; Kraus & Aslan,
1993; Smith & Pérez-Arlucea, 1994; Willis & Behrensmeyer, 1994; Kraus, 1996), which in turn inhibited soilformation, resulting in a wetland criss-crossed with multiple anastomosing narrow channel belts (Aslan & Autin,
1999). A characteristic length scale for this environment
is given by the width of the channel belts or levees of c.
10–100 m. This wetland environment, characterized by
“Large-Scale Crevassing” (Törnqvist, 1993a) is herein re-
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ferred to as “LSC,” and a representative diagram is given
as Figure 2.
In contrast, during the later Holocene, these same
rivers displayed lower in-channel aggradation rates, substantial lateral migration of channels through sweeping
and point-bar deposition (Jerolmack & Mohrig, 2007),
single-channel networks, slow flood plain aggradation,
less crevassing, enhanced soil-formation, and simpler
flood plain sediments, wedging out laterally from the
channel (Jerolmack, 2009), creating a landscape herein
referred to as “Meandering.” A comparable characteristic
length scale for this environment is an order of magnitude larger than in LSC, c. 1 km. A diagram showing the
“Meandering” river environment is given as Figure 3. The

C 2016 Wiley Periodicals, Inc.
Geoarchaeology: An International Journal 31 (2016) 194–210 Copyright 

CIVILIZATION, FLUVIO-DELTAIC STYLES & HOLOCENE SEA-LEVEL RISE

PENNINGTON ET AL.

Lateral migration through point bar deposition

Single channel networks

Less frequent crevassing and avulsion

Well-drained floodbasins

A

20 m

Lateral accretion deposits
Natural levee deposits

B

2k

Crevasse splay deposits
Floodbasin deposits

m

Organic deposits
Residual-channel deposits

Wi

de
ch
bel anne
ts
l

Substrate

Slower floodbasin aggradation

Simple floodbasin deposits, wedging out laterally from the channel

A

B

Meters

Channel lag deposits (gravel)

high water

0

Lateral accretion deposits (sand)
low water

Natural levee deposits (sandy-silty clay)

10

Floodbasin deposits (clay)
Organic deposits (peat)
Substrate

20
0

500

1000

1500

Metres

Figure 3 Diagram to show the “Meandering” river environment after the LSC-Meandering Transition (after Weerts, 1996; Berendsen & Stouthamer,
2001).

formation of this landscape resulted from the decrease
in the rate of creation of accommodation space caused
by the lower rate of sea-level rise. Slower in-channel
aggradation driven by slower rates of sea-level rise would
have reduced channel superelevation and thus reduced
the dominance of crevassing and avulsion as landscape
processes. Instead, lateral migration of river channels
would have been a relatively much more important phenomenon (Jerolmack & Mohrig, 2007; Jerolmack, 2009).
In the Rhine, the spatiotemporal extent of these different river regimes and landscapes has been mapped
(Figure 4), and the general features of this figure can be
explained by appealing to theory. The LSC facies was initiated at the shoreline once the fine-grained sediments
of Sequence III (Stanley & Warne, 1994) were deposited
(these fine-grained sediments inhibited lateral migration
rates, and thus initially forced high rates of in-channel
aggradation (Jerolmack & Mohrig, 2007)). LSC likely
then migrated upstream via a diffusion curve (Paola,
Heller, & Angevine, 1992; Paola, 2000; Swenson et al.,
2000; Jerolmack, 2009) as the river’s equilibrium gradient migrated upstream. Once the rate of relative sealevel rise dropped beyond a certain threshold, the LSC
facies disappeared and was replaced by Meandering river
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environments in an event here referred to as the LSCMeandering Transition.

Corresponding Landscapes of the Nile,
Huang He, Mesopotamia, and Elsewhere
While no major landscape studies on the scale of those
in the Rhine or Mississippi have been carried out on the
Nile, the Huang He, or in lower Mesopotamia, numerous
individual, isolated landscape studies have been carried
out over the last 40 years or so. Figures 5, 6, and 7 bring
together the results of many of these studies and demonstrate that the same general pattern of landscape evolution holds in all three settings: an early-mid-Holocene
LSC landscape gave way to a later-mid-Holocene Meandering landscape, with the succession of environments in
space and time showing the same pattern as in the Rhine
and Mississippi. References and a summary of the reasoning behind each data point are given in the figure
captions. Table I further provides a chronology for the
LSC-Meandering Transition.
The differences in timing and upstream extent of
the LSC environment between the three settings are
attributable to differing local conditions in the river
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Figure 4 Space–time diagram showing environmental evolution for the lower Rhine River (after Törnqvist, 1993a, Berendsen & Stouthamer, 2001).

valleys and catchment areas. For example, aggradation
rates are higher and the LSC environment is more persistent in both Mesopotamia and the North China Plain than
in Egypt, and this may reflect a different isostatic-tectonic
regime. While subsidence in the Nile appears restricted
to the coastal margin (Stanley & Warne, 1998), the
entirety of Mesopotamia sits in an actively subsiding foreland basin (Fouad, 2010) and the North China Plain is
likewise composed of a subsiding basin (Ye et al., 1985).
The increased tectonic subsidence in Mesopotamia and
China would have acted to increase the rate of creation
of accommodation-space at any one point in time, and
thus likely sustained the LSC landscape for longer during the period of decrease in sea-level rise. Differing rates
of sediment supply likely also contributed to the LSC
landscape persisting for longer in Mesopotamia, since the
Mesopotamian catchment was more persistently wet for
longer than the other two systems, within the overall pattern of diminishing rainfall through the later Holocene
(Street & Grove, 1979; Wick, Lemcke, & Sturm, 2003;
Wang, Cheng, & Edwards, 2005).
We emphasize that similar landscape changes are likely
to have occurred in deltaic systems other than the five
settings considered in this paper (Rhine, Mississippi, Nile,
Mesopotamia, and Huang He). A similar fluvial model to
that elucidated herein is likely to be applicable in considering the evolution of many large delta systems in similar
tectonic–isostatic settings around the globe.
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IMPACT OF CHANGING FLUVIAL REGIME
UPON LANDSCAPE RESOURCES
As these landscapes evolved, the availability and distribution of different natural resources would have changed.
It is only by understanding this evolving “resource-base”
that any causal link between environmental changes
and their impact on contemporary events in the human sphere can be suggested. This is not a new idea.
Many attempts to establish a link in this way have historically used ideas of “carrying capacity” (Hassan, 1979),
or “material and energy flow accounting” (Haberl et al.,
2004) to develop links between subsistence, population,
technology and society. In this paper, these relationships
are discussed through an appreciation of changing abundances and spatial patterns of nutritional resources, and
also changing water supplies and transport options.

Abundance of Nutritional Resources
The total abundance of nutritional resources in a landscape is the total potential amount of food therein. Humans, as omnivores (Harding & Teleki, 1981), take all
their food resources from a landscape by eating parts
of the trophic structure: primary producers in part for
carbohydrates and higher consumers mainly for protein
(which are harvested through hunting, fishing, or pastoral farming [protein], and gathering or arable farming
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Figure 5 Space–time diagram showing the
distribution of environments in space and time
within the Nile Delta. Coastline reconstruction
is an average from across the delta (Coutellier
& Stanley, 1987; Arbouille & Stanley, 1991;
Butzer, 2002). Labeled points represent data
as follows: (1) onset of delta lobbing,
ﬁne-grained alluvial sedimentation, marsh
formation in coastal areas, and proposed start
of LSC (Sneh et al., 1986; Coutellier & Stanley,
1987; Stanley & Warne, 1993a; Warne &
Stanley, 1993; Hassan, 1997). (1a) Silty
deposition likely starts at Minshat Abu Omar
(Andres & Wunderlich, 1992; Butzer, 2002).
(1b) Earliest dated silty deposits in cores S-86
and S-87 (Chen & Stanley, 1993). (2a) Onset of
the “Nile II” facies (de Wit, 1993) characterized
by swampy mud deposits, ephemeral stream
sediments, and calcareous muds that
“alternate rapidly in a lateral and vertical
sense.” (2b) End of the Nile II facies (de Wit,
1993) and onset of deposition of Nile IB facies.
(3) The maximum number of Nile distributary
channels is reached at 6 kyr (Stanley & Warne,
1993b), implying furthest upstream avulsion
and maximum extent of LSC. (4) Core S-86
(Chen & Stanley, 1993) has an average
aggradation rate of 5.9 mm before this date
and 1.9 mm after. (5) Smaller distributaries silt
up (Andres & Wunderlich, 1992), in an
analogous way to the Rhine at the end of LSC
(Berendsen & Stouthamer, 2001). (6) Extensive
swamps cease to exist around Minshat Abu
Omar (Andres & Wunderlich, 1992). (7) The
ancient Canopic branch of the Nile moved
primarily by crevassing and avulsion (Stanley,
Warne, & Schnepp, 2004). (8) Sais layer 1a
contains an abundance of “remarkable ﬁsh
bone material . . . attesting to both shallow
water, deep well-oxygenated water, and
vegetated marsh environments,” and suggest
narrow levee settlement in an LSC
environment (Wilson, Gilbert, & Tassie, 2014).
(9) Transition from “ﬂood plain, back swamps
and crevasse splay” to “ﬂood plain with
laterally migrating channel” at Quesna
(Rowland & Hamdan, 2012).
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[carbohydrate]). It is thus possible to quantify the total
amount of potential food in a particular landscape of a
particular size by assessing the total amount of energy
flowing through the trophic structure in that landscape.
This can be measured as net primary productivity (NPP):
the power (per unit area) that supports the food web
at its lowermost rung, and thus the maximum amount
of nutritional energy that a particular sized patch of the
landscape contains (Odum, 1971; Ajtay, Ketner, & Duvigneaud, 1979; Giampietro, Cerretelli, & Pimentel, 1992;
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4

2b

Day et al., 1997). Being a measure of power density, it
technically thus has the units W/m2 . While NPP does not
consider the entire suite of nutrients necessary for human
survival (Brown et al., 2013), as a “calorie-count” it still
provides a first-order model of the nutritional base, and
is valuable not least in terms of its simplicity.
Through the LSC-Meandering Transition, the landscape types that existed at different times and in different places each harbored particular ecosystem types
and trophic structures, and thus had very different NPP
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Figure 6 Space–time diagram showing the distribution of environments in space and time within lower Mesopotamia. Coastline reconstruction based on
Sanlaville (1989, 2002); Sanlaville and Dalongeville (2005). Heyvaert and Baeteman (2008) propose the transgression did not extend as far inland. Labeled
points represent data as follows: (1) onset of ﬁne-grained sediment deposition and proposed start of LSC. (1a) Onset of ﬁne-grained sediment deposition
north of Nippur (Adams, 1981). (2) Substantial multichannel Euphrates network diverges around Sippar (Adams, 1981: 19). (2a) Avulsions start near
Fallujah (Morozova, 2005). (2b) Verhoeven (1998) suggests a transition from anastomosing multichannel networks to a Meandering regime around both
Sippar and Fallujah. (3) Heyvaert and Baeteman (2008) see an “avulsion-driven multiple Euphrates channel network” at Tell ed-Der. (3a) Abandonment of
this network. (4) Meander migration is observed north of this point, but inhibited to the south (Adams, 1981: 31). (5) Major slowing down of aggradation
rates: in general 1–1.8 mm/yr before, <0.4 mm/yr after (Aqrawi, 1995).

values (Table II; Figure 8). By mapping the areas of these
different landscape types and ecosystems within a region
one can therefore describe the changing distribution and
abundance of nutritional resources over the entire fluviodeltaic system (Figure 9) during the transition.
As Figure 9 shows, the LSC-Meandering Transition is
accompanied by a drop in the total nutritional abundance of these deltas. The LSC environment itself, composed predominantly of freshwater swamps and fresh-

200

water marshes (W/m2 = 1.83), formed a nutritionally
rich ecosystem. Coastal zones, characterized by brackish marshes and salt marshes (W/m2 = 2.35) are also
very rich landscapes. On the other hand, the Holocene
Meandering landscape in these delta systems (W/m2 =
0.48), assumed to have been composed of three different ecosystem types, is not particularly nutritionally rich.
Through the LSC-Meandering Transition, the nutrientrich wetlands characteristic of the early Holocene LSC
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Figure 7 Space–time diagram showing the
distribution of environments in space and time
within the lower Huang He. Coastline
reconstruction based on Saito, Yang, and Hori
(2001), Xue (1993), and Yu (2002). Labeled points
represent data as follows: (1) onset of deposition
of stage V palaeochannels, and the
“palaeoswamp development stage” (Chen, 1996;
Chen et al., 1996a,1996b,1996c; Qinghai et al.,
1996a,1996b) with a ﬂood plain composed of
black mirey silt, mire with turf, reduced clay
deposits with autigenic manganese and ferric
nodules. At this time “rivers kept within their
channels, and . . . palaeolakes and
palaeoswamps developed” (Chen, 1996). (2)
Onset of deposition of stage VI palaeochannels at
this point, the ﬂood plain is now composed of
loamy soil, ﬁne silt, silt, and sandy clay, and “rivers
could change their courses easily”. (3) The
landscape changes are seen over the whole
Lower Huang He system.
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Table I Summary of approximate timings for the LSC-Meandering Transition in each location.
Region

LSC-Meandering Transition

Nile
Mesopotamia
Huang He

c. 4000–3000 B.C.E.
c. 2000–1500 B.C.E.
Likely c. 3000–2000 B.C.E.
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400

Distance upstream from present coastline (km)

environment were thus succeeded by dryer landscapes in
which nutrients were sparser.

Spatial Homogeneity of Nutritional Resources
The spatial homogeneity, or “scale of distribution,” of
nutritional resources gives an idea of the maximum size
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Table II Average NPP values for different landscape types based upon assumed ecosystem types from Day et al. (1997), Ajtay et al. (1979), Lieth and
Whittaker (1975), and Whittaker and Likens (1973).
Environment Type

Ecosystems

Average NPPa (W/m2 )

Range of NPP Values (W/m2 )

Sea
Estuaryb
Coastal zoneb
LSC
Meandering

Continental shelf
Estuary
Brackish marshes, salt marshes
Freshwater swamps, freshwater marshes
Woodland, shrubland, grassland

0.24
1.19
2.35
1.83
0.48

0.13–0.38
0.13–2.54
1.90–2.79
0.51–3.81
0.13–0.95

a
Where values for NPP were presented in kg/m2 /yr dry matter (DM), a conversion was made to W/m2 assuming 1 kg DM is equivalent to 20 MJ (Vitousek
et al., 1986; Haberl, Erb, & Krausmann, 2013). Where values for NPP were presented in kg/m2 /yr carbon, a conversion was made to W/m2 assuming 1 kg
C is present in 2.09 kg DM (Vitousek et al., 1986; Haberl, Erb, & Krausmann, 2013). While other parameters are excluded from the calculation of NPP, the
methodology is consistent and the values in the table are correct relative to one another.
b
The “coastal zone” of Figs. 4–7 corresponds to both estuarine environments and brackish or salt marshes. It is assumed that before the point of
maximum shoreline transgression, this area is divided equally between the environment type “Estuary” and “Coastal Zone,” but after the point of
maximum transgression, closure of the shoreline results in it becoming purely the environment type “Coastal Zone”; the “Estuary” disappears.

that one food-harvesting activity can cover (e.g., a field
of crops, a lake for fishing in, an open stretch of land
for hunting). This can be thought of as the horizontal
distance over which habitats change, which is essentially
the characteristic length scale of any landscape type.
Only the LSC and Meandering landscapes are considered
in the discussion, as they are the major downstream
environments.
The LSC environment would have been characterized by small length scales for both protein and carbohydrate resources. A myriad of wetland habitats existing in a small geographical area would have resulted
in a small characteristic length scale for protein-based
resources; restricted soil development localized to the
margins of channels also implies that the scale over
which fertile soils were developed continuously was
also small. A characteristic length scale for the land-

scape would be of the order of 10–100 m, as discussed
above.
In contrast, the length scale for resources in the Meandering environment is significantly larger. Similar soils
exist (for the most part) continuously over the extensive levees, providing large continuous areas where
carbohydrate resources can grow. In terms of protein,
the more homogenous flood plain environments support
habitats continually over much larger areas, on the order of >1 km (see above) Essentially the landscape can
be considered to have been “stretched out” by a factor of
ten or so relative to the LSC regime. This is also shown in
Figure 9.
Essentially, the LSC-Meandering Transition would
have been accompanied by an overall decrease in the
abundance of nutrients, but an increase in the length
scale over which food resources were available.
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Figure 8 Ranges and averages of suggested NPP values for the different landscape types, from Table II.
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Figure 9 Nutritional differences between the LSC and later Meandering environments. (a and b) show characteristic length scales for the distribution
of nutritional resources, as given by the widths of the river levees. (a) Minor levee development in the LSC environment; (b) Much more extensive
levees in the “Meandering landscape.” (c and d) show the nutritional density across a 2D slice of the landscape is displayed by plotting the power of
the ecosystem against the distance from the current shore. (c) Is the graph for when the LSC environment is a major feature of the landscape, while (d)
represents the time after the LSC facies has disappeared. There is a much greater abundance of nutritional resources in the landscape in (c) compared
to (d).

Other Resources

a

In addition to nutrients, other important resources include water supply and transport potential. Once again,
only how they would have been different in the LSC and
Meandering landscapes is considered.
Securing a reliable water supply would have been easier in the Meandering landscape than in LSC. The high
frequency of avulsions within the LSC landscape meant
that a long-term water supply would have only been
available at the avulsion nodes. In the Meandering environment, where avulsion nodes are no longer as important a geomorphic feature, the reliability of the water
supply would be more similar across the landscape. Of
course, annual flooding and meander migration would
still occur, contributing to variability in water supply,
but these processes would have been more predictable
over longer periods of time than the more frequent catastrophic avulsion in the LSC landscape.
Transport potential, on the other hand, would have
been greater in the LSC landscape compared with the
Meandering one. The multichannel, anastomosing character of the LSC river network would have resulted in
waterborne transport opportunities in both a longitudinal
and a transverse sense across the flood plain and delta. In
the Meandering regime, the tendency for single-channel
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b

Figure 10 Available transport potential during (a) the “Meandering” river
regime and (b) LSC. Transport in both transverse and longitudinal sense is
possible in (b) but not in (a) due to the lack of cross-branches.

networks would have caused a loss of the transverse
transport potential (Figure 10).
Overall, the LSC environment was a nutritionally
rich, varied, and heterogeneous wetland environment, in
which frequent avulsions inhibited long-term water supplies. Waterborne transport was readily feasible in any
direction on the river network due to the availability of
many tributaries and river channels.
The Meandering landscape, on the other hand, is more
nutritionally homogenous and significantly sparser in
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within the LSC landscape, aquatic resources, and fish in
particular, comprised a very important nutritional source.
Remains of burnt fish are prevalent at Eridu, Ur, Uruk,
and Tell Asmar in Mesopotamia (van Buren, 1948 in
Pournelle, 2007), and in the lower layers of Sais in the
Nile Delta (Wilson, Gilbert, & Tassie, 2014). There are
also prolific offerings of fish at temples during this time
(Kennett & Kennett, 2007), and fish and other aquatic
resources are prominent in Uruk proto-cuneiform texts
(Englund, 1998: 70–71, 88), in contrast to a relative absence of mammals. After the LSC-Meandering Transition
at c. 4000–3000 B.C.E. in Egypt and c. 2000 B.C.E. in
Mesopotamia, this is no longer the case. This trajectory
can be explained though an appreciation of the landscape evolution: as the wetland areas of the LSC environment reduced in size, aquatic resources such as fish
would have become less important due to their increasing relative scarcity.

resources. The reduction in avulsions means that settlements can persist not only at avulsion nodes; waterborne
transport can, however, only be easily accomplished in a
longitudinal sense (i.e., parallel to the river).

DISCUSSION OF CONTEMPORARY
ARCHAEOLOGICAL CHANGES
During the time periods which correspond to the LSCMeandering Transition in all three of these locations
(Table I), there are major changes occurring in the social sphere. Three changes that can be explained by the
evolution of the physical landscape are as follows: a decrease in the importance of aquatic resources (fish) as
a primary source of protein, an increase in the scale of
agricultural economies, and a concentration of power at
the head of the distributary network. In addition to these
specific adaptions, the formation of the State in each case
needs to be considered in terms of the dynamic landscape.
Figure 11 shows corresponding archaeological periods
overlain on the space–time diagram documenting the
landscape changes.

Increase in the scale of agriculture
In all three systems, there was undoubtedly agriculture
being practised within the LSC environment. However,
in all three settings there was significant expansion in
the scale of agriculture once the LSC environment disappeared.
In China, the inhabitants of the LSC landscape that
persisted between c. 5500–2500 B.C.E. were the Houli,
Beixin, and Dawenkou cultures. For these people, while
millet (plus some soybean and rice) was increasingly
being farmed, and pigs and chickens were kept,

Decrease in importance of aquatic resources
A decrease in the importance of aquatic protein resources
through the LSC-Meandering Transition is especially evident in Mesopotamia and Egypt. There is not enough
data for a comparison with the corresponding cultures
in China. In the prehistoric Nile Delta and Mesopotamia,
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Figure 11 Space–time diagram showing selected sites and archaeological periods overlain on the physical landscape changes for (a) Mesopotamia, (b)
north China, and (c) Egypt.
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hunting and gathering were still important parts of the
subsistence economy (West & Zhou, 1988; Yuan & Flad,
2002; Fuller, Qin, & Harvey, 2008). It was only after the
LSC-Meandering Transition, when the Longshan people
likely colonized the environment after c. 2500 B.C.E. that
there was “agricultural intensification evidenced by expansion of anthropogenic habitats and higher densities of
crops” (Lee et al., 2007).
In Egypt, the LSC landscape was prevalent from c.
5500–3500 B.C.E. Delta settlements probably existed on
geziras, stable topographic highs in the landscape, around
which grazing, fishing, and cereal cultivation were practised (Maczy
˛ ńska, 2011: 886). Through the later Predynastic and Early Dynastic, after the LSC-Meandering
Transition of c. 4000–3000 B.C.E., there was major intensification of agriculture (Dee et al., 2013).
In Mesopotamia, there was also a notable increase in
agricultural scale and complexity at the close of the third
millennium and beginning of the second millennium—
the time of the LSC-Meandering Transition here. This was
manifested by the construction of major branch canals
and the expansion of irrigation systems (Adams, 1981:
164–165; Ur, 2013).
In these settings, this increase in agricultural complexity and scale across the LSC-Meandering Transition can
be explained by appealing to both the changes in the nutritional abundance of the landscape, and the scale over
which those nutrients were distributed.
The decrease in the nutritional abundance of the landscape through the LSC-Meandering Transition is likely
the primary reason behind the increase in agricultural
scale in China and Egypt. This decrease in the “amount of
food” available for exploitation would have necessitated
the appropriation of more efficient food-harvesting methods (increased reliance on agriculture), and rendered untenable less efficient methods of nutrient collection such
as hunting, gathering, and fishing, if migration or starvation were to be avoided. It is not that novel agricultural methods were invented at this time—those developments had often already occurred upstream, within the
Yangshao culture in China, and in the cultures of Upper
Egypt and elsewhere. It is simply that that they were appropriated after the LSC-Meandering Transition—out of
necessity.
This decrease in nutritional abundance can be implicated as a driver in Egypt and China, but is likely not
a primary factor in Mesopotamia, due to the simple fact
that hunting, gathering, and fishing were likely not as
important as they were in China and Egypt. The Late
Ubaid and Uruk period settlements existing within the
LSC landscape in the southern alluvium of Mesopotamia
had already developed a large-scale system of agriculture
(Adams, 1981; Wright, 1981) when compared to the sit-
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uation in China and Egypt, and they relied less on wild
resources. As a result, it is therefore unlikely that a decrease in NPP in the natural environment would have
had as major an effect.
In Mesopotamia, it is instead the decrease in the scale
over which nutrients are distributed through the LSCMeandering Transition that was likely a primary reason
behind the increase in agricultural intensity. The more
homogenous flood plain environments of the Meandering landscape would simply have been more conducive
to larger scale agriculture being practised over larger
stretches of land. This would also likely have been a corroborating factor in Egypt and China.
Intriguingly, the reason for the higher intensity of agriculture that was practiced by the Ubaid and Uruk settlements within the LSC environment in Mesopotamia
(compared to China and Egypt) may be related to increased human modification of the natural LSC environment in Mesopotamia. There is some evidence that the
development of irrigation agriculture in this setting may
have been related to human attempts at controlling the
crevassing (Morozova, 2005).

Shift in Location of Dominant Settlement
The LSC-Meandering Transition was accompanied by
a shift in location of the dominant settlement to the
apex of the distributary network: Memphis in Egypt,
Akkad/Babylon in Mesopotamia, and Erlitou in China. A
simplified diagram summarizing these changes is shown
in Figure 12. This pattern can also be explained by appealing to the environmental model.
Within the LSC facies, the plethora of transport options
from any node in the network to any other node through
the large number of interconnected channels meant that

a

b

Figure 12 Summary of likely salient and common aspects of settlement patterns across the three regions considered during (a) the “Meandering” river regime and (b) the LSC regime. During LSC, settlements
of similar sizes exist at avulsion nodes, while during the “Meandering”
regime the settlement at the apex of the distributary network becomes
dominant.
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there would have been no major trade advantage for a
settlement in any position. In this rich, productive landscape, it was therefore natural that the larger settlements
should be positioned at the interface between the fluvial
and the coastal zone: the area with the highest density of
nutritional resources. Examples of settlements located in
such settings are Uruk and Ubaid in Mesopotamia, and
Buto, Minshat Abu Omar, Tell el-Iswid, and others in the
Nile Delta. Other settlements in these deltaic regions were
often likely located at nodes in the fluvial network (Morozova, 2005).
After the LSC-Meandering Transition, trade of commodities would have become more important due to both
the reduction in the total resource-base as well as the
decrease in the range of resources available to a single settlement (the increased homogeneity of the landscape). Coupled with the loss of the transverse transport
potential formerly afforded by the many river distributaries, there thus would have arisen a “point of power”
in the landscape—a node at the apex through which
transverse, upstream, and downstream trade had to pass.
The controlling political centers were established only in
these locations once the environmental changes associated with the LSC-Meandering Transition had been completed. In some cases these locations of power persist in
the same location even today (Cairo in Egypt and Baghdad in Mesopotamia).

Role of the Environment in the Emergence
of the State
In China, the disappearance of the LSC environment
likely around 2500 B.C.E. is followed by the emergence
of the state of Erlitou (Liu, 2009). In Egypt, the LSCMeandering Transition at 4000–3000 B.C.E. is also followed by the emergence of the world’s first nation state,
centered on Memphis (Yoffee, 1997). In Mesopotamia,
the first “city states” emerged from within the LSC environment, in the southern alluvium, but the first “nation states” were initiated around the same time as the
LSC-Meandering Transition, in the form of the empires
centered on Akkad and Babylon (Liverani, 1993).
It is tempting to broadly correlate the emergence of
the large “nation states” or “empires” with the demise of
the LSC environment and the expansion of the more homogenous “Meandering” plains. However, to do so without significant further work is beyond this paper and
likely the currently available dataset. It is not proposed
that the LSC-Meandering Transition is the single driver
of state formation, and a multifactor cause is virtually
certain. In any case, numerous prerequisites would have
been in place in the settings considered in this paper in
order for the cultures within them to have undergone
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the varied social, political, and economic transformations
that have historically been referred to as hallmarks of
“statehood” or “civilization” (Childe, 1950; Trigger, 1993;
Maisels, 1999; Yoffee, 2005). These prerequisites were
obviously not in place in other delta systems (for instance, the Rhine), where similar changes in the physical
environment were taking place, but there were no such
developments in the socio-political sphere.
However, these major changes in the evolving natural landscape do need to be considered within any discussion, not least because of their broad correlation with
some of the archaeological changes, and the impacts they
had on the resources available in the landscape. Perhaps a framework by which the evolving environment
can be incorporated into the dialogue is by viewing the
LSC environment as a “nursery” for civilizations, which
later become more archaeologically visible in the LSCMeandering Transition. During the LSC environment,
the resource-rich deltaic and coastal wetlands could have
been a natural attractor, with the potential to permit high
population density. In these locations, at the interface between numerous landscapes, weather patterns, ecological and marine forces, there was an in-built “resilience”
to stochastic fluctuations in resources (Pournelle, 2007;
Pournelle & Aldgaze, 2014), and thus populations in
these settings could establish centers of culture if the opportunity arose. This would be offered by – for instance –
large pre-existing topographic highs (geziras) within the
wetlands. Later, with the shrinkage of the wetland environment during the LSC-Meandering Transition, these
centers of culture would have been forced to transform
and move in order to persist, and they would reposition
at the delta apex—the point of power in the new landscape. Perhaps the rich and “resilient” deltaic landscape
could have been a factor allowing the creation of centers
of culture, while the loss of this landscape could have resulted in the transformation of these cultures into wider,
larger systems.

CONCLUSIONS
It is proposed that most fluvio-deltaic systems shared
a global underlying unity in their Holocene evolution,
characterized by, but not limited to, the development, upstream migration, and subsequent disappearance of a LSC
river environment, accompanied by coastal and landscape change. These changes came about as a response
to a fall in the rate of sea-level rise.
Since the Primary States emerged from within the
downstream environment, the formative period of human civilization needs to be considered in terms of this
dynamic and evolving landscape. One way in which
geoarchaeologists can analyze the links between the
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natural and human spheres is to consider the resources
the landscape provides: the abundance and distribution
of nutrients, transport options, water and continuous
stretches of land for agriculture and settlement. Different
environments naturally have intrinsically different patterns of resources.
The disappearance of the LSC landscape in the LSCMeandering Transition is here implicated as a driver of
changes in subsistence patterns, land use, and settlement
hierarchy at these times. The abundance of nutritional
resources in the “resilient” LSC environment allowed relatively large stable populations to develop in downstream
environments, especially in near-coastal settings. With
the LSC-Meandering Transition, power then became concentrated by the reduction in river branches to a point at
the apex of the distributary network. Meanwhile, the loss
of the nutritional richness of the LSC environment also
required a transition to more intensive agricultural techniques, techniques that became possible to appropriate
due to the increasing homogeneity of the land as floodplains expanded.
While the demise of the LSC environment is not invoked as a single driver behind the transition in these
settings to some form of nation state, the evolving landscape does need to be considered in any discussion. There
is a line of reasoning to suggest that the high abundances
of resources and inherent “resilience” of populations in
the LSC environment can lead to this landscape being
thought of as a “nursery” for civilizations, which then
relocate and transform in scale during or after the LSCMeandering Transition. Increased examination of these
time horizons and more detailed landscape reconstruction projects (many of which are currently in progress)
will lead to further development of these ideas.
We would like to thank Reim Rowe for her work on the
manuscript, as well as three anonymous reviewers and the editors of Geoarchaeology for their very helpful comments.
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˛ ńska, A. (2011). The Lower Egyptian-Naqada
transition: A view from Tell el-Farkha. In R. Friedman &
P.N. Fiske (Eds.), Egypt at its Origins 3: Proceedings of the
Third International Conference “Origin of the State.
Predynastic and Early Dynastic Egypt” (London, July 27–
August 1, 2008) (pp. 879–908). Leuven: Peeters.
Maisels, C.K. (1999). Early civilizations of the Old World: The
formative histories of Egypt, the Levant, Mesopotamia,
India and China. London: Routledge.
Makaske, B. (1998). Anastomosing rivers—Forms, processes
and sediments. Utrecht, The Netherlands: Utrecht
University.
Mohrig, D., Heller, P.L., Paola, C., & Lyons, W.J. (2000).
Interpreting avulsion processes from ancient alluvial
sequences: Guadalope-Matarranya system (northern
Spain) and Watsch Formation (western Colorado).
Geological Society of America Bulletin, 112,
1787–1803.
Morozova, G.S. (2005). A review of Holocene avulsions of the
Tigris and Euphrates rivers and possible effects on the

C 2016 Wiley Periodicals, Inc.
Geoarchaeology: An International Journal 31 (2016) 194–210 Copyright 

CIVILIZATION, FLUVIO-DELTAIC STYLES & HOLOCENE SEA-LEVEL RISE

PENNINGTON ET AL.

evolution of civilisations in Lower Mesopotamia.
Geoarchaeology: An International Journal, 20, 401–423.
Odum, E.P. (1971). Fundamentals of ecology. Philadelphia,
PA: Saunders.
Paola, C. (2000). Quantitative models of sedimentary basin
filling. Sedimentology, 47, 121–178.
Paola, C., Heller, P.L., & Angevine, C.L. (1992). The
large-scale dynamics of grain-size variation in alluvial
basins, 1.Theory. Basin Research, 4, 73–90.
Pournelle, J.R. (2007). KLM to corona: A bird’s eye view of
cultural ecology and early Mesopotamian urbanization. In
E.C. Stone (Ed.), Settlement and society: Essays dedicated
to Robert McCormick Adams (pp. 29–62).Los Angeles, CA:
Cotsen Institute of Archaeology, University of California,
Los Angeles.
Pournelle, J.R., & Aldgaze, G. (2014). Travels in Edin: Deltaic
resilience and early Urbanism in Greater Mesopotamia. In
A. McMahon, H. Crawford, & J.N. Postgate (Eds.), Preludes
to Urbanism: Studies in the Late Chalcolithic of
Mesopotamia in honour of Joan Oates (pp. 7–34).
Cambridge: McDonald Institute for Archaeological
Research.
Qinghai, X., Chen, W., Xuanqing, Z., & Xiaolian, Y. (1996a).
Paleochannels on the North China Plain: Stage
divisions and palaeoenvironments. Geomorphology, 18,
15–25.
Qinghai, X., Chen, W., Xiaolian, Y., & Ningjia, Z. (1996b).
Palechannels on the North China Plain: Relationships
between their development and tectonics. Geomorphology,
18, 27–35.
Rowland, J.M., & Hamdan, M.A. (2012). The Holocene
evolution of the Quesna turtle-back: Geological evolution
and archaeological relationships within the Nile Delta. In J.
Kabaciński, M. Chłodnicki, & M. Kobusiewicz (Eds.),
Prehistory of northeastern Africa, new ideas and
discoveries, studies in African archaeology, Vol. 11 (pp.
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