
quaternary

Article

Holocene Aridity-Induced Interruptions of Human Activity
along a Fluvial Channel in Egypt’s Northern Delta

Jean-Daniel Stanley 1,*, Tobias Ullmann 2 and Eva Lange-Athinodorou 3

����������
�������

Citation: Stanley, J.-D.; Ullmann, T.;

Lange-Athinodorou, E. Holocene

Aridity-Induced Interruptions of

Human Activity along a Fluvial

Channel in Egypt’s Northern Delta.

Quaternary 2021, 4, 39. https://

doi.org/10.3390/quat4040039

Academic Editors: David Bridgland,

Xianyan Wang and Jef Vandenberghe

Received: 15 September 2021

Accepted: 12 November 2021

Published: 18 November 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Mediterranean Basin (MEDIBA) Program, 6814 Shenandoah Court, Adamstown, MD 21710, USA
2 Institute of Geography und Geology, Physical Geography, University of Würzburg,

97074 Würzburg, Germany; tobias.ullmann@uni-wuerzburg.de
3 Institute of Egyptology, University of Würzburg, 97070 Würzburg, Germany; eva.lange@uni-wuerzburg.de
* Correspondence: stanleyjd0@gmail.com

Abstract: Geoarchaeological information presented here pertains to a subsidiary Nile channel that
once flowed west of the main Sebennitic distributary and discharged its water and sediments at
Egypt’s then north-central deltaic coast. Periodical paleoclimatic episodes during the later Middle
and Upper Holocene included decreased rainfall and increased aridity that reduced the Nile’s flow
levels and thus likely disrupted nautical transport and anthropogenic activity along this channel.
Such changes in this deltaic sector, positioned adjacent to the Levantine Basin in the Eastern Mediter-
ranean, can be attributed to climatic shifts triggered as far as the North Atlantic to the west, and
African highland source areas of the Egyptian Nile to the south. Of special interest in a study core
recovered along the channel are several sediment sequences without anthropogenic material that
are interbedded between strata comprising numerous potsherds. The former are interpreted here as
markers of increased regional aridity and reduced Nile flow which could have periodically disrupted
the regional distribution of goods and nautical activities. Such times occurred ~5000 years B.P.,
~4200–4000 years B.P., ~3200–2800 years B.P., ~2300–2200 years B.P., and more recently. Periods
comparable to these are also identified by altered proportions of pollen, isotopic and compositional
components in different radiocarbon-dated Holocene cores recovered elsewhere in the Nile delta, the
Levantine region to the east and north of Egypt, and in the Faiyum depression south of the delta.

Keywords: Nile delta; Sebennitic; paleoenvironment; paleoclimate; Nile flow; geoarchaeology

1. Introduction

Herodotus, in his “Histories” [1], compiled in the mid-5th century B.C., identified
five active river branches that reached the Nile delta coast at the time of his visit to Egypt,
several of which are now extinct. He recognized the Sebennitic as one of these, and referring
to its then still active channel noted (Book 2, Chapter 17.4): “This is by no means where the
least share of [the Nile’s] water flows, nor is it [the Sebennitic] the least famous.” Its water
reached the delta’s southern apex and, from there, cleaved the delta in two as it migrated
northward to the coast. The Sebennitic continued to funnel Nile water toward that region
until about 800 to 1000 AD [2,3], after which flow was diverted from its north-trending
path via other distributaries toward more NE and NW deltaic sectors [4,5].

One of the numerous drill cores recovered from east to west across the northern Nile
delta by the Smithsonian Institution attracted special attention 30 years ago [6]. Identified
as S-44, it was positioned along a subsequent, somewhat younger channel to the west of the
major Sebennitic distributary which flowed northward to the coast along what is presently
the eastern margin of Burullus lagoon (Figure 1).
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Figure 1. Map of the Nile delta showing former Sebennitic distributary and present Rosetta and 
Damietta channels. Areas cited in the article are shown, including core locations of the MEDIBA 
project, and archaeological sites as indicated by the “Delta Survey” and the “Western Regional Delta 
Survey” of the Egypt Exploration Society. Background map draws the digital elevation model of the 
TanDEM-X Mission. TanDEM-X DEM courtesy of the German Aerospace Center (© DLR). 

Its content was unique with respect to two attributes in cores that had until then been 
discovered in the northernmost delta: it comprised an unusually large amount of pottery, 
and among these were the oldest yet found in the northernmost central delta, dated to the 
New Kingdom. These, and potsherds of the Late Period and Ptolemaic Period, were con-
centrated in three separate layers, each of which was younger as one progressed up-core. 
Previous studies [6,7] focused on potsherd-rich deposits with which to date the Holocene 
section and record the timing and importance of human activity along this sub-branch 
channel in a region where much remains to be discovered. 

The present study now explores a different aspect, focusing primarily on the possible 
origin and significance of interbedded Holocene sediment strata in core S-44 that are with-
out human-introduced material. This approach could shed new information with which 
to better interpret the depositional origin and the evolving anthropogenic history in this 
deltaic sector. While not obvious at the time of the original survey, a series of findings 
made during past decades can now help explain why the presence of sediment layers 
without anthropogenic material in the study core probably did not accumulate randomly 
time-wise. This absence of material can presently be more reliably interpreted by taking 
into account dated Holocene environmental events, particularly paleoclimatic ones. These 
periodic episodes during the time of channel deposition would likely have affected hu-
man activity in this study sector. 

2. Materials and Methods 
2.1. Paleogeographic Setting of Study Area 

While no longer active in the northernmost sector of the delta, the Nile’s major Seben-
nitic branch once flowed to a north-central coastal area positioned almost midway be-
tween where the younger Rosetta and Damietta distributaries presently reach the Medi-

Figure 1. Map of the Nile delta showing former Sebennitic distributary and present Rosetta and
Damietta channels. Areas cited in the article are shown, including core locations of the MEDIBA
project, and archaeological sites as indicated by the “Delta Survey” and the “Western Regional Delta
Survey” of the Egypt Exploration Society. Background map draws the digital elevation model of the
TanDEM-X Mission. TanDEM-X DEM courtesy of the German Aerospace Center (© DLR).

Its content was unique with respect to two attributes in cores that had until then been
discovered in the northernmost delta: it comprised an unusually large amount of pottery,
and among these were the oldest yet found in the northernmost central delta, dated to
the New Kingdom. These, and potsherds of the Late Period and Ptolemaic Period, were
concentrated in three separate layers, each of which was younger as one progressed up-core.
Previous studies [6,7] focused on potsherd-rich deposits with which to date the Holocene
section and record the timing and importance of human activity along this sub-branch
channel in a region where much remains to be discovered.

The present study now explores a different aspect, focusing primarily on the possible
origin and significance of interbedded Holocene sediment strata in core S-44 that are
without human-introduced material. This approach could shed new information with
which to better interpret the depositional origin and the evolving anthropogenic history in
this deltaic sector. While not obvious at the time of the original survey, a series of findings
made during past decades can now help explain why the presence of sediment layers
without anthropogenic material in the study core probably did not accumulate randomly
time-wise. This absence of material can presently be more reliably interpreted by taking
into account dated Holocene environmental events, particularly paleoclimatic ones. These
periodic episodes during the time of channel deposition would likely have affected human
activity in this study sector.

2. Materials and Methods
2.1. Paleogeographic Setting of Study Area

While no longer active in the northernmost sector of the delta, the Nile’s major Seben-
nitic branch once flowed to a north-central coastal area positioned almost midway between
where the younger Rosetta and Damietta distributaries presently reach the Mediterranean
(Figure 1). The Sebennitic distributary’s considerable volume of water and sediment were
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once dispersed at the coast and onto the continental shelf seaward of where the central
delta at the time formed a large fluvial-derived promontory (cf. [4,8]). What presently still
remains of this former more angular, seaward-trending Sebennitic feature [7,9] is now a
broad, curved arcuate, intensely wave-eroded coastline [10], the so-called north-central
deltaic Burullus bulge (Figure 1).

Of special interest here is core S-44, recovered along a former subsidiary channel
positioned ca. 10 km to the west of the major Sebennitic distributary (Figure 1) that had once
also flowed northward, distributing water and sediment to the coast and shelf beyond. The
eastern part of Burullus lagoon presently covers much of this former channel. This water
body is the second largest in the northern delta, with a configuration and area that has been
considerably modified during the Holocene to the present [11,12]. Water and sediments
flowing in the smaller subsidiary channel were once dispersed to and beyond the coast in a
sector mostly to the west of the deposits released offshore earlier by the main Sebennitic
distributary. Offshore current-reworked deposits of both channels appear as three broad
and partially superposed arcuate sectors (Figure 2) formed in part by sand, silty sand, and
sandy silt [13]. The largest earlier one (coded as I, in large part of Lower to Middle Holocene
age) is defined by the configuration of the 18 m isobath to the north and east, and is partially
superposed to the west by the subsequent two smaller arcuate ones (coded as II, of Lower
to Middle Holocene, and III, primarily discussed herein, of largely Upper Holocene age)
defined by the 16 and 14 m isobaths (Figure 2). Channel III is located west of the major
Sebennitic distributaries I and II (Figure 1). These seafloor features highlight the partial
burial of the earlier major distributary channel deposits by those of the younger, subsequent
migrating channels that in time were released north of the Burullus outlet. A somewhat
similar pattern of offshore displaced coarser-grained deposits is also depicted on charts
offshore the Nile delta ([3] Figures II/48, IV/1, and IX/10). Depositional histories are also
recorded along the delta’s margin by the present markedly wave-eroded shoreline [10,14],
bordered by an extensive belt of sand-rich coastal ridges and broad, widespread dune fields.
These are readily apparent on land photographs [15,16] and satellite images [12,17–19].
This investigation also takes into account litho- and chronostratigraphic, sedimentological,
and biogenic findings revealed by 22 drill cores (S-38 to S-59) along the northern delta land
margin where the average thickness of the Holocene section is 13.5 m [20].
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blue at the 14 m isobath (III) of prime focus in this study. Seafloor bathymetry and sample sites 
serving as the base are after [13]. 

Figure 2. Map of Nile delta coastal margin showing water depths from the coast to the present
current-eroded arcuate Burullus bulge. The position highlighted in yellow of the Nile’s early major
Sebennitic discharge (I) to 18 m depths; then its position after having shifted toward the west (II),
in green, at about the 16 m isobath, and that of the subsequent smaller subsidiary channel deposits
in blue at the 14 m isobath (III) of prime focus in this study. Seafloor bathymetry and sample sites
serving as the base are after [13].
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Of these, three cores in particular (S-44, S-45, and S-43; in Figure 1), recovered from
south to north to the present coast (Figure 1), outline the former regional paleogeography
and shed light on past environmental conditions in the study area [6,7,11]. These borings
record the presence of an underlying channel fill buried by fluvial sands and sandy silt
with interbedded silt and mud, some likely derived from the channel’s adjacent margins.
Sand layers were deposited beneath lagoonal silty muds, and younger overlying coastal
sands that generally cover older deposits at the delta margin ([11], their Figure 9).

Major Sebennitic flow had reached the coast in proximity to the northernmost center
of the Burullus bulge by Lower Holocene time to the Middle Holocene, and may have
continued there until, or somewhat after, the late Middle Holocene and perhaps at/or
after ~5000–4500 years B.P. Butzer (2002, p. 90) [21] reviewed five phases of Nile flows
through Holocene time. He notes that his phase 5 “marks the inauguration of the ‘modern’
fluvial regime [ . . . ] since New Kingdom times” with flood energy for the most part lower
than during the previous Middle Holocene to about 2000 years B.C. This is recorded by a
progressive atrophy of five of the traditional Nile branches between 3000 and 2000 years
ago, as also found in this present study area. In time, a channel deflection may have been
triggered by the thick and extensive accumulations of near-coastal deposits that had formed
a partial barrier blocking some of the distributary’s northern coastal margin outflow. These
sediments were then reworked by wind and coastal currents, thus reshaping the delta’s
promontory into a broad arcuate Burullus coastal bulge [10]. It is likely that some of these
coastal margins and offshore deposits were also shifted by other physical interventions:
rise in sea level [22–25], land subsidence [26], compaction of underlying deposits [27],
neotectonic displacement, and lowering [28–30]. A progressive overall lowering of land
relative to sea level in this northern region at a rate of 7.7 mm per year is attributed to the
interplay of these diverse factors [26].

2.2. Topographic Maps and Satellite Imagery

For further information on the hydrographic and topographic setting at S-44, several
map sheets of the Survey of Egypt (SoE) were analyzed. These topographic maps were
recorded in the 1930s and include elevation above sea-level measurements from land
surveying as point features. In total, four sheets (96/615, 96/600, 95/600, and 95/615) of
this map series at a scale of 1:25,000 were available (through Dr. Robert Schiestl of the
LMU Munich, see Acknowledgments). These sufficiently covered the site S-44 and its
surroundings (approx. 30 km by 20 km); however, no map sheets north (towards Baltim)
of S-44 were available.

Using a GIS-based approach, the SoE maps were further processed to overlay the
topographic information with the results of the above-mentioned surveys (Figure 1) and
to compare the topographic and hydrographic information in relation to findings of the
S-44 records. The following steps, schematically illustrated in Figure 3, were conducted
to extract a digital elevation model (DEM) from the SoE data (cf. [19,31], who conducted
similar analyses of SoE maps): (1) The map sheets were georeferenced in ArcMap (Version
10.6) using the inherent information on the geolocation (i.e., the provided coordinates).
The geocoded map sheets were then cropped and mosaicked to a single file (Figure 3a).
(2) Data on the elevation above sea level were digitized (Figure 3b). This included the
digitalization of the contour lines with one-meter equidistance (generating ca. 240 line
features) and of the land survey points, generating ca. 2700 points indicating the land
elevation with a point density of approx. 9 points per km2. Besides, the locations labeled
as “Ruins” in the SoE maps were digitized and stored as point features. (3) Using the point
data on the land elevation, the Natural Neighbor algorithm was used in ArcMap to convert
the point information to a digital elevation model (DEM) with 80 m by 80 m pixel spacing
(raster format) (Figure 3c). (4) This DEM was further processed in the software SAGA GIS
Version 7 (http://www.saga-gis.org, accessed on 8 September 2021) and hydrographic
modeling was conducted [32]. The aim of this modeling was to identify remains and
landforms related to past fluvial activity, such as levees.

http://www.saga-gis.org


Quaternary 2021, 4, 39 5 of 16Quaternary 2021, 4, x FOR PEER REVIEW 5 of 16 
 

 

 
Figure 3. Simplified workflow illustrating the hydrographic modeling using digitized topographic 
maps of the Survey of Egypt (SoE). (a) SoE topographic maps, (b) digitized points showing land 
elevation above sea level, (c) interpolated digital elevation model (DEM), (d) multi-flow-direction 
flow accumulation (MFD), (e) delineated minor (red lines) and major (violet lines) basin boundaries, 
and (f) overlay of DEM, MFD, and basin boundaries. 

The DEM was preprocessed using the filling approach of [33] with a minimum slope 
of 0.001. Further processing included the calculation of the deterministic-eight flow direc-
tion (D8) and the multi-flow direction (MFD) flow accumulation (Figure 3d). The processing 
of minor and major basin boundaries was realized using the extend watershed tool (Fig-
ure 3e). These basin boundaries were visually inspected and line segments coinciding 
with higher elevated ground (with respect to the DEM) were extracted. This was done as 
basin boundaries were artificially/randomly created over regions without significant to-
pography; as such, the most meaningful line segments, most likely indicating the above-
mentioned levees, were selected. (5) Finally, the DEM, MFD, and the selected minor and 
major basin boundaries were overlaid and compiled as a map (Figure 3f). 

Further auxiliary information included recent satellite imagery from Sentinel-2, ac-
quired in 2020 and accessed via the Sentinel Open Access Hub (https://scihub.coperni-
cus.eu(accessed on 26 April 2021)) and archive data of declassified CORONA imagery, 
acquired in 1968 and accessed via the “CORONA Atlas of the Middle East” (https://co-
rona.cast.uark.edu(accessed on 20 April 2021)). Both datasets were integrated into the ge-
odatabase and compared to and with the results of the hydrographic modeling. 

3. Results 
3.1. Satellite Imagery, Topographic Maps, and Hydrographic Modeling 

Hydrographic analyses of the DEM derived from the SoE maps indicate two smaller 
more recent Sebennitic channels as defined by two parallel red lines (minor basin bound-
aries) that trend SE of the S-44 site (Figure 4a). The subsidiary channel appears to have 
been bordered by a levee whose upper surface is presently above the lagoon’s water level 
at present, which is revealed by the CORONA imagery (Figure 4b). No distinct remains 
of an ancient settlement have yet been discovered on the surface of, or close to, this feature, 
nor is there any information in the SoE maps of the CORONA or Sentinel-2 imagery. 

Figure 3. Simplified workflow illustrating the hydrographic modeling using digitized topographic
maps of the Survey of Egypt (SoE). (a) SoE topographic maps, (b) digitized points showing land
elevation above sea level, (c) interpolated digital elevation model (DEM), (d) multi-flow-direction
flow accumulation (MFD), (e) delineated minor (red lines) and major (violet lines) basin boundaries,
and (f) overlay of DEM, MFD, and basin boundaries.

The DEM was preprocessed using the filling approach of [33] with a minimum slope
of 0.001. Further processing included the calculation of the deterministic-eight flow direction
(D8) and the multi-flow direction (MFD) flow accumulation (Figure 3d). The processing of
minor and major basin boundaries was realized using the extend watershed tool (Figure 3e).
These basin boundaries were visually inspected and line segments coinciding with higher
elevated ground (with respect to the DEM) were extracted. This was done as basin bound-
aries were artificially/randomly created over regions without significant topography; as
such, the most meaningful line segments, most likely indicating the above-mentioned
levees, were selected. (5) Finally, the DEM, MFD, and the selected minor and major basin
boundaries were overlaid and compiled as a map (Figure 3f).

Further auxiliary information included recent satellite imagery from Sentinel-2, ac-
quired in 2020 and accessed via the Sentinel Open Access Hub (https://scihub.copernicus.
eu (accessed on 26 April 2021)) and archive data of declassified CORONA imagery, acquired
in 1968 and accessed via the “CORONA Atlas of the Middle East” (https://corona.cast.
uark.edu (accessed on 20 April 2021)). Both datasets were integrated into the geodatabase
and compared to and with the results of the hydrographic modeling.

3. Results
3.1. Satellite Imagery, Topographic Maps, and Hydrographic Modeling

Hydrographic analyses of the DEM derived from the SoE maps indicate two smaller
more recent Sebennitic channels as defined by two parallel red lines (minor basin bound-
aries) that trend SE of the S-44 site (Figure 4a). The subsidiary channel appears to have
been bordered by a levee whose upper surface is presently above the lagoon’s water level
at present, which is revealed by the CORONA imagery (Figure 4b). No distinct remains of
an ancient settlement have yet been discovered on the surface of, or close to, this feature,
nor is there any information in the SoE maps of the CORONA or Sentinel-2 imagery.

https://scihub.copernicus.eu
https://scihub.copernicus.eu
https://corona.cast.uark.edu
https://corona.cast.uark.edu
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2 acquired in June 2020, and the potential flow path of the subsidiary Sebennitic branch (yellow arrow in panels in (b,c)). 
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found on a number of elevated sectors examined in this general eastern Burullus lagoon 
area [34,35]. The possibility of discovering an once-existing settlement in the vicinity of S-

Figure 4. (a) Maps of the results of the hydrography modeling using elevation information digitized from the topographic
maps of the Survey of Egypt (SoE 1:25 k series) and archaeological sites of the “Delta Survey” of the Egypt Exploration
Society (https://www.ees.ac.uk/delta-survey, (accessed 7 April 2021)). Lower Panel: Corona Imagery (acquired in 1968)
from the “CORONA Atlas of the Middle East” of site S-44. (b) Corona imagery, results of the hydrography modeling using
elevation information digitized from the topographic maps of the Survey of Egypt (SoE. 1:25k series) and locations of
“Ruins” (indicated in the SoE maps). (c) Land surface details at site S-44 and indications/annotations on a probable former
levee stretching NW of S-44. The background image in the left panel shows a recent true-color satellite image of Sentinel-2
acquired in June 2020, and the potential flow path of the subsidiary Sebennitic branch (yellow arrow in panels in (b,c)).

However, related work reports Ptolemaic and Roman pottery and other vestiges are
found on a number of elevated sectors examined in this general eastern Burullus lagoon

https://www.ees.ac.uk/delta-survey
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area [34,35]. The possibility of discovering an once-existing settlement in the vicinity of S-44
is thus not excluded until more closely spaced exploratory deep drilling and archaeological
subsurface surveys and excavations are made in close proximity to the study site. It
is proposed, for the time being, that the area adjoining the potsherd-rich channel site
may have contained a base for a trade facility, possibly a harbor, in a sector that could
periodically have been used for the exchange and distribution of goods transported by boat
at various times between the New Kingdom and Ptolemaic periods. Interestingly, although
we do not have archaeological remains to further corroborate this scenario, a textual source
from the time of the Old Kingdom (4th dynasty, c. 2600 BC) mentions a location with the
name “new (river) mouth” which might refer to a harbor or settlement close to a river
estuary of the Sebennitic branch in the northern central delta, as the context of the text
suggests [36]. The same source reveals the name of another location (“The great (river)
mouth of the papyrus marshes”) for which further textual evidence points to a location in
the Sebennitic area, and, judging from the name, could also refer to a settlement close to
where the Sebennitic branch discharged in the Mediterranean Sea. Needless to say, this
does not mean that the location of S-44 should be identified with either one of these, but it
underlines the strong possibility of the existence of ancient settlements and/or harbors in
that area.

Results of the hydrographic modeling further indicate two possible narrow width
fluvial-like features that extend across the north-central delta area, and appear to have
reached, and possibly joined together, at or near the S-44 site (Figure 4a). One of these
extends in a northwesterly direction from a sector originally positioned ca. ~14 km distant
to the southeast, possibly joining the former larger Sebennitic distributary channel, which
is indicated as the mainbasin boundary by the hydrographic modeling (NE of Kom Umm
Gafar (Figure 4a)). The other trends N-NE from a more central deltaic sector, one that
perhaps could have included Nile flow passing near one or more larger archaeological
sites south of Burullus lagoon, such as Tell Mikheizin, Tell ed-Daba, or Kom Kahwaled
(at least as noted in Figure 4a). These two fluvial trends may also follow what appears to
be more recently emplaced artificial drains (i.e., flow pathways on, or adjacent to, much
older former natural low-elevation Nile channels). These can now collect and redirect
wastewater from human settlements, and also from agricultural and fish farming centers,
and away from this region for their discharge elsewhere [17,37,38].

3.2. Archaeological Record in Core S-44

The previous study of core S-44 provided a framework with which to determine the
chronostratigraphic distribution of its Holocene pottery sherds. Included are some of the
oldest anthropogenic materials yet discovered in the northern delta. The core site was
recovered ~17 km due south of the Burullus lagoon’s outlet near El Burg village at the coast
and ~16 km southwest of the town of Baltim (Figure 1). The site is positioned ~10 km west
of the Nile’s former major north-trending Sebennitic distributary flow path, and ca. 35 km
to the north of Xois, an early archaeological site, much of which remains buried and poorly
defined, near the town of Kafr el-Sheikh in the mid-central delta. According to written
sources, it dates back to the 3rd Millennium B.C. [39] but has not yet revealed structures
older than the Ptolemaic period (2nd century A.D.; [40]).

The lower sections of cores recovered around Burullus lagoon by the Smithsonian
Institution all recovered Late Pleistocene deposits, providing a chronostratigraphic baseline
allowing us to focus on Holocene sediment sequences in the present study area [9,11,20].
S-44 is 21.4 m long, and its top lies at an elevation of ~1 m above present msl. Its lower ~7 m
section is dated Upper Pleistocene, and the upper ~14 m section above it is late Middle
to Upper Holocene (ca. 7000 years B.P. to present). The Late Pleistocene to late Middle
Holocene floodplain comprises sandy silt and silty mud deposits. The litho-stratigraphic
log of the Upper Holocene section records the following (Figure 5a): silty mud from the
base upward (~14–9 m), organic-rich mud (~9–6 m), silty mud and rippled silty mud
(~5.75–4.25 m), organic-rich mud (~4.25–1.5 m), and by silty mud in the uppermost 1.5 m
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core section. Shell fragments, occurring primarily in sections from ~10.8 to 6 m and at
the core top, record organisms requiring a wide range of salinity habitats that range from
marine to brackish and freshwater. Up-core through time the sections record fluvial,
lagoon margin, lagoon, and protected bay environments. The major focus until now has
been on the core’s three separate ceramic assemblages embedded in its Upper Holocene
fluvial sediment section [6]. The lower and thickest sequence of sherds contains the most
numerous and earliest pottery fragments in a layer about 3.5 m thick at a depth of ~9.5 m
to ~6.0 m from the core top. The second separate sherd layer up-core was recovered at
depths of ~4.7 to 4.5 m, and this was followed by the third separate layer at ~2.1 to 1.7 m
near the core top.

It is of note that no anthropogenic materials were recorded in sediment sections at
depths beneath ~9.5 m, between 6.0 m and 4.7 m, between 4.5 m and 2.1 m, and above
1.7 m (Figure 5a).

The 23 potsherds collected in the three distinct levels were sent for identification and
dating to Dr. Dorothea Arnold and her archaeological staff at the Department of Egyptian
Art at the Metropolitan Museum of Art in New York City. These materials ranged in size
from 1.0 × 0.7 cm to 6.0 × 2.5 cm, are from 0.3 to 0.7 cm thick, and vary from angular to
sub-rounded in shape. The majority of sherds are partially coated and range from brown
to reddish-brown and yellowish-brown; one sampled at a depth of about 2 m has a black
lustrous coating and was interpreted as Ptolemaic. Color photographs of selected sherds
are featured in [6] (their Figures 6, 8, and 9 through 11). To minimize bias in attributing age
and origin, each of the 23 fragments was shipped in a separate bag, and numerically coded
non-sequentially by depth.

The code numbers and depths were retained and kept confidential at the Smithsonian
until after completion of the identification process. The lower oldest and thickest sequence
of sherds contained the most numerous ancient pottery fragments and were identified
as New Kingdom age and dated from ~3600–3500 years B.P to about ~3200–3000 years
B.P. The next higher sherd layer up-core was of the Late Period age (~2700–2300 years
B.P.). These two lower sequences were then followed near the core top by the third layer of
largely Ptolemaic to early Roman age material (~2200–1800 years B.P.).

The potsherd ages at the S-44 site were determined primarily by archaeological
methodology. X-radiographs that highlight the position of these fragments in the 8 cm
diameter core sections made prior to sampling of sherd and sediment indicated these
materials to be at or near their original in-situ position, with little to no obvious evidence
of displacement by the drilling process. The physical attributes of these fragments suggest
they were not likely displaced for a substantial distance in the channel by Nile flow to the
core site but, rather, were collected at or near their site of introduction and final deposition.

The much larger size of dated sherds, the angularity and subangularity of some dated
fragments, and remnants of coloration preserved on many of the potsherd surfaces and
other attributes summarized above strongly suggest that these anthropogenic materials
were not subject to extensive lateral movement, intense rubbing against each other, nor
did they undergo substantial reduction and/or other evidence of erosive transport activity
since their proximal deposition from the margin of the proximal fluvial channel as is
indicated in the present study. In comparison with our multi-year projects involving the
radiocarbon dating of Nile fluvio-deltaic sediments in the study area, and also elsewhere in
the delta, we have recorded generally and more often than not radiocarbon ages of clay size,
silt, and fine sand fractions of an older than expected age. Additionally, not infrequently
older dated sediment strata in cores appear positioned above those of a younger age.
Radiocarbon dating results provided in syntheses of some 400 or so dates from ~100 cores
that ranged from 20 to 50 m in length collected across the northern delta reveal that the
overall majority of these dated sedimentary materials have proved too old.
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They commonly range in age anywhere from 100–200 yrs. to some as much as 1000 yrs.,
or well beyond a realistically expected time-span [20,44].

This scenario of commonly older-than-reasonably dated sediment is now attributed
to being the result, at least in part, from the frequent reworking of some earlier deposited
sediment fractions, commonly finer-grained ones, by mechanical displacement and their
repeated erosion and re-depositional processes (“stop-and-go” transport) as noted in
various fluvial-deltaic settings [44–46]. This mechanism can be envisioned where episodic
fluvial intensities are periodically renewed and accompanied by erosional phases that
erode, pick up, and displace downstream formerly deposited sediment fractions. This
would result in a depositional mix of increasing proportions of older fractions that are
incorporated into the more recent materials released along the fluid transit path.

As examples of “stop-and-go” transport effects are radiocarbon dates obtained for four
of six Holocene samples obtained from core S-44. Four of these were found to be much older
than ages attributed archaeologically by potsherds [6]. This age offset likely resulted from
the fluvial sediment used for the radiocarbon analyses at this locality that had incorporated
older reworked organic carbon materialduring transport to the site. These sediments are
interpreted as having been eroded upstream and displaced over time by Nile flow on their
way to the core S-44 site, unlike the sherds that were likely introduced locally and more
directly concentrated into the channel’s older deposits. Two of the six radiocarbon-dated
sediment samples, however, with materials obtained at core depths of ~14 m and ~6.5 m
recorded more reasonable dates of ~7000 years B.P. and ~3260 ± 90 years B.P., respectively.
The latter younger date is the one most comparable to the archaeologically dated potsherd
section at that depth (at “NK?” in Figure 5a).

4. Discussion

Sediment coring, recovering datable human materials, is one of the underlying reasons
we proceeded with the present study: to encourage archaeologists to take cores at, and
within, archaeological sites and record where and what possible dated anthropogenic
materials are associated with sediment. Such additional closely spaced sampling and
dating of smaller artifacts and associated sediments could perhaps provide further useful
information to add to that collected at stages of initial exploration and perhaps also even to
some settings having reached advanced levels of artifact excavation.

To date, there is strong evidence of human presence as of ~3600–3500 years B.P. based
on findings in core S-44, and, from that time on, anthropogenic activity here appears to
have occurred discontinuously. Thorough subsurface archaeological exploration of the
north-central delta is still lacking; it has not yet been confirmed whether a temporary,
periodically occupied, or more permanent settlement existed in the study area. The closest
sites to S-44 known so far are Kom Nashwein and Tell Mikheizen, both about 15 km to the
southwest (Figure 4). Both were visited by the Egypt Exploration Society Delta Surveys
(IDs 263 and 266) and surface remains and artifacts were found to date to the Late Antique
era; it is unclear if earlier occupation levels exist. Nor has it been established what range
of human activities actually prevailed at, or in close proximity, to the S-44 site. The prime
evidence for discontinuous activity remains the episodic concentrations of superposed
core layers without potsherds at this one site. For example, no obvious evidence is found
in the core’s Middle to Upper Holocene sequence, from ~7000 years B.P. to the base of
the lower sherd level dated as Second Intermediate Period and early New Kingdom at
ca. 3600–3500 years B.P. After an accumulation of the New Kingdom sherd sequence, the
core again reveals an absence of anthropogenic material lasting from ~3200–2800 years
B.P. until the Proto-Saitic/Saitic to Late Period (ca. 2700–2300 years B.P.), at a time gap
between phases of obvious human activity lasting perhaps ~300 to 400 years. This was
followed by a shorter span of only ~100 years, once again without apparent human activity,
between the Late Period and Ptolemaic-Roman time (ca. 2300 to ~2200–1800 years B.P.).
Additionally of note is the short core length of only 1.7 m near the core top that represents
a relatively long period from ~1800 years ago to present and that remains without distinct
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evidence of human activity. This latter youngest gap may have experienced substantial
erosion of upper channel and marsh deposits, as well as the termination of Nile flow in the
Sebennitic channel by about 1200 to 1000 years B.P. as has been suggested elsewhere [2,3].

Periodic absences of anthropogenic material at the times recorded above were initially
viewed as little more than a possible discontinuous occupation by settlers moving periodi-
cally into and out of this area proximal to the channel site. During the past three decades,
however, there has been a marked increase in paleoclimatic research that is providing
insight on potential human presence and/or migration due to significant climate fluctua-
tions. This work can now be reasonably applied to a broad area in the eastern Levantine
Basin of the Mediterranean, including the study area and other localities examined in and
beyond the delta (Table 1). This sector is in proximity to Mediterranean areas where the
evolution of Nile flow through time may well have been modified by climatic influences
emanating in the North Atlantic, and affecting sites to as far east as, and even beyond,
the Eastern Mediterranean. Additionally significant are the monsoonal and ITCZ events
triggered in highland areas of the Nile sources in northeastern Africa. These climatic
factors substantially altered temperatures and rainfall intensities that, in turn, affected
Nile flood levels and thus capable of playing a significant role in modifying the Upper
Holocene archaeological history of Egypt and affected extensive Eastern Mediterranean
and Levantine regions as recorded in [47–52].

Among the periods identified are several that have recorded wide-ranging effects,
with some leading to marked decreased rainfall and increased number of aridity to serious
drought phases (Table 1). Initially much, if not most, previous attention on the Nile delta
evolution has been paid to the ~4200–4000 years B.P. event [45,46,53]. Of interest in the
delta, for example, are those recorded at ca. 5000 years B.P., ca. 4200–4000 years B.P., ca.
3200–3000 years B.P., ca. 2800–2700 years B.P., ca. 2300–2200 years B.P., and periodically
since 2000 years B.P. (Figure 5b–d). The two earlier phases cited above are not recorded at
the S-44 site (Figure 5a) perhaps due to the subsequent Sebennitic channel’s later initial
date of diversion and flow to the study locality that may have begun after 4000 years
B.P. Others, however, such as the one dated at ca. 3200–3000 years B.P., and younger
ones are nevertheless identified at study core S-44 (Figure 5a), as well as at the core S-53
positioned ~35 km west of the study area along the southwestern margin of Burullus
lagoon (Figure 5b), at core S-21 recovered at the northeastern delta coast near Port Fouad
(Figure 5c), and at Lake Qarun in the Faiyum Basin (Figure 5d) about 250 km south of the
Burullus coastal headland. It appears that the periods of potsherd absences indicated in
core S-44 can be reasonably correlated time-wise with documented periodically intensified
dry phases and droughts that affected an extensive region as recorded by the rapidly
increasing number of paleoclimatic research studies (Table 1).

Clarification is needed as to why and how such periods of aridification seemingly
would have induced a scenario of repeated absences of potsherd during long periods of
time as identified herein. If the S-44 locality was positioned along a navigational channel,
one could envision the importance of maintaining sufficient Nile flow connections between
it and other natural channels and canals. These may well have been used at that time as
regional byways for the nautical transport and distribution of goods and/or food products.
When waterway levels were sufficiently high, either a levee or proximal channel margin
could have served as a practical natural setting for repeated transport boat landings and
departures, and thus used as a possible nautical trade and/or distribution center. Under
conditions of sufficient water flow, medium and shallow draft boats possibly sailed to and
from the S-44 site into the delta and even farther inland for active trade and exchange [54].
Additionally, in view of the site’s proximity to the delta’s coastal margin, it is also possible
that goods could have been transferred to and from larger ships at the coast or moored
offshore.
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Table 1. Approximate dates of aridification phases recorded in Egypt’s Nile delta and regions north, east, and south of it.

Location Approximate Dates of Aridification (in Years B.P.) References

Akkadian collapse and northeast Africa 4200–3900; 3200–3100 [51]

Mediterranean 4200 [55]

Eastern Mediterranean 3200 [49]

Eastern Mediterranean 3200–3000; 2900–2850 [50]

Eastern Mediterranean 4200; 3200–3100 [51]

Eastern Mediterranean 5500–5200; 4200–3900; 3200–2800; 2300; 1800; 1700 [56]

Eastern Mediterranean, Israel, and Egypt 5300–5000; 4500–3900; 3200–2800 [57]

Israel and Egypt 3200 [48]

Maryut Lake and northwest delta coast Flow decreased to 3200 BP [58]

Burullus lagoon region 3rd–7th century AD; 7th–9th century AD [34,35]

Nile delta 4200–4000 [45,46,53]

Central delta 5800–5500; 4200–4000; 3400–3050 [59]

Saqqara necropolis 4100–3950 [60]

Faiyum depression 4800–4000; 3100–2800; After 2700 [43]

Faiyum depression 4200–4000; 3300–3100; 2500–2000; 1700–1500; 900–500 [61]

Faiyum depression 5700–5450; 4200; 3300–3100; 2800–2550; 400 [54]

Faiyum depression 6300–5600; 4200–4000; 3300–2800; 2500–2400; 1600–1500 [62]

Faiyum depression 5800–5400; 4200–4000; 3900–3000; 2300–2000;
1000-Present [63]

Faiyum depression 5000; 4000 year BP is minimalized; 2700–2300 [64]

Lower Egypt 5350–5100; 4000 [65,66]

Nile downstream from Khartoum 3300 [67]

However, a fluctuating drying to arid climate leading to reduced rainfall and increased
evaporitic conditions may well have led to a periodic diminished and insufficient Nile flow
level, thus hindering nautical movement up and downstream channels and canals. Such
fluctuating climatic conditions could periodically have also led to decreased agricultural
production, with an insufficient food supply to support a population living and working
in the area near the channel site, and thus hindering trade activities there as well.

5. Conclusions

The focus herein is on the paleogeographic and chronostratigraphic attributes of Upper
Holocene sedimentary sequences without anthropogenic materials that are interbedded
between archaeologically dated potsherd-rich layers in northern delta channel deposits.
The prime questions relate specifically to when and why such sediment layers without
pottery periodically accumulated along a subsidiary channel of the Sebennitic distributary.
These deposits are denoted by time spans relative to thin double dashed black lines and
circled numbers 1© to 6© in Figure 5a–d. The oldest dated strata without potsherds or other
anthropogenic materials in study core S-44 occurred during the long period (coded by
numbers 6© and 5©) from the late Middle Holocene (~7000 years B.P.,) to the early part of
the Upper Holocene (~3600 years B.P.), the latter identified as the New Kingdom. This was
followed in the Upper Holocene by a time span without potsherds that included the second
part of the Ramessid and some of the Third Intermediate periods (~3200 to ~2800 years B.P.,

4©), and then by a considerably shorter period of about 100 years without potsherds in the
Ptolemaic period (~2300 to ~2200 years B.P., 3©). Additional climatic aridification episodes
also occurred after Ptolemaic-Roman times to the present as indicated by numbers 2© and
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1© shown in Figure 5b–d. These latter youngest events are not clearly distinguished in
the intensely eroded and much shorter 1.7 m length of the uppermost core section in S-44
(Figure 5a).

It is probable that the arid episodes identified here varied to some extent regionally
with respect to both intensity and length of duration. In some instances, post-depositional
effects such as erosion [68] and sediment compaction [27] could also have somewhat further
modified apparent intensities and times of aridification. In some cases, serious drought
events associated with more intense drying periods, in turn, may have seriously diminished
the Nile’s flow levels along its northward paths to and through the delta and its coastal
margin. As suggested herein, such phases would have had a probable effect on limiting
navigational frequencies, selecting alternate accessible nautical paths, and modifying local
to regional anthropogenic trade activities. It is proposed that the cause-and-effect responses
outlined herein could also be recorded at about the same times along some other channels
and at their proximal associated archaeological sites in other Nile delta sectors.

Core analysis remains a geoarchaeological tool of prime value for identifying and
interpreting some of the non-obvious yet significant anthropological and environmental
factors that can be extracted from the study of subsurface sedimentary sequences. This
approach provides a means to more comprehensively examine records of the past, including
those that are subtle and potentially overlooked, obtained at both long-explored classic
and more recently discovered archaeological sites.
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