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Abstracts

Wadi El-Natrun depression lies about 100 km north-west of Cairo, just south of
the ‘desert road’ between Cairo and Alexandria. The depression has a
longitudinal morphology extending from the southeast to the northwest with
average dimensions of about 60 km × 15 km. Bani Salama site lies in the
eastern part of the depression, to the east of Fasda Lake, which is located at
-27 m below sea level. Based on a geomorphological survey and local
archaeology, we found that the site has been occupied by human societies
since at least around 4000 years before the present. The site contains ruins of
a temple and a castle dating back to the 12th Dynasty of the Pharaonic period
(1985-1773 BC). The site also contains workshops of raw glass production
dating back to Egypt’s Roman period (31 BC – AD 395). The aim of this study
is to investigate the Holocene marsh deposits of Bani Salama, which are
located between the Pliocene plateau and Fasda Lake. A sediment core (NAT-
11) was taken from the site in June 2015. This core is investigated to
understand the Holocene palaeo-geography, palaeoclimates and human
impacts.
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1. Introduction

Fig. 1

Zoom  Original (jpeg, 609k)

(A) The general location of the study area. (B) The site of Bani Salama in the Wadi
El-Natrun depression. (C) Details of the Bani Salama site.

This figure was produced using ArcGIS 10.1 (ArcMap) using a base image with a
resolution of 30 m, taken on 25th April 2012 by Esri, Digital Globe, GeoEye,
Earthstar Geographic, CNES/Airbus DS USDA, USGS, AeroGRID, IGN, and the GIS
User Community and a satellite image "Landsat-8" captured on 4th January 2015
with a spatial resolution of 30 m.

2. Natural contexts of Bani Salama

Fig. 2. Natural context of Bani Salama

Zoom  Original (jpeg, 233k)

This figure shows the geological, geomorphological and hydrological characteristics
of the study area. It was drawn using a (Geological map 1987) produced by the
Egyptian general petroleum corporation and CONOCO Coral Company, scale 1:
500,000. The digital elevation model (DEM) has a spatial resolution of 30 m and
was produced using data from the Shuttle Radar Topography Mission (SRTM),
NASA. The feature classes were drawn, and the contour lines were extracted from
the DEM using ArcGIS 10.1.

3. Historical and archaeological
background

Fig. 3.

Zoom  Original (jpeg, 621k)

(A) The blocks of the Pharaonic temple gate from the 12th Dynasty. (B) The black
granite bust from the 18th Dynasty of the Pharaonic period. (C) Beni Salama
workshop was used to produce raw glass during the Roman period.

The photos A & C were taken during field study in June 2015 by Clément Flaux.
Photo B was taken from (Fakhry 1942) and is an artefact found at Bani Salama.

Fig. 4.

Zoom  Original (jpeg, 143k)

The ancient desert route connecting Wadi El-Natrun depression with El-Tarrana city

This figure was drawn using the topographic map of Wadi El-Natrun depression
produced in 1926 by the Egyptian Survey Authority (Scale 1:100000). The ancient
desert route that connected Wadi El-Natrun depression with El-Tarrana city was
digitized in ArcGIS 10.1. This ancient desert route is not straight but varies
according to the topography. El-Tarrana port served as a point of export for raw
glass from Wadi El-Natrun during the Roman period.

4. Materials and methods

4.1. GIS Design

4.2. Core and radiocarbon dating

4.3. Samples and analytical techniques

S
Sample
name

Lab. no.
14Cage
BP

68.3%
(1 sigma)

95.4% (2 sigma)
Agecal
BC/AD

1
NAT11_35-
40

Poz-
88235

65 ± 30 Recent Recent -

2
NAT11_115-
120

Poz-
88236

300 ±
30

1521-1645
cal AD

1494-1656
cal AD

1562
cal AD

3
NAT11_155-
160

Poz-
88239

915 ±
30

1046-1199
cal AD

1038-121cal AD
1117
cal AD

4
NAT11_250-
255

Poz-
88240

1975 ±
30

8–110 cal AD
41 cal BC - 121
cal AD

44 cal AD

5
NAT11_375-
378

Poz-
88241

4400 ±
35

3089-2927
cal BC

3314-2910
cal BC

3017
cal BC

6
NAT11_450-
455

Poz-
88242

5620 ±
40

4493-4368
cal BC

4537-4359
cal BC

4445
cal BC

7
NAT11_580-
585

Poz-
88243

6930 ±
50

5877-5740
cal BC

5971-5722
cal BC

5810
cal BC

8
NAT11_605-
615

Poz-
88245

7820 ±
50

6741-6590
cal BC

6899-6498
cal BC

6648
cal BC

Table 1. 14C dating of samples from the Bani Salama core

Analyses were performed by Poznań radiocarbon laboratory and the dates were
calibrated using Calib 8.2 and the IntCal20 curve

Reimer et al., 2020

5. Results

Unit A

Fig. 5. The sediment core from Bani Salama

Zoom  Original (jpeg, 566k)

The core was extracted during a field study in June 2015 and the figure was drown
using Inkscape v. 0.91.

Fig. 6. Results of grain size analysis of sands taken from unit A.

Zoom  Original (jpeg, 349k)

The figure shows the distribution of sand grain-size classes in five samples of core
NAT-11. This analysis was carried out at the CEREGE laboratory in France by the
authors and the results were processed using Excel.

Unit B

Unit C

Fig. 7. The main species of Ostracod in the Bani Salama core

Zoom  Original (jpeg, 369k)

Ostracod species include (Candona sp., Gomphocythere sp., Limnocythere sp.,
Heterocypris sp. and Ilyocypris sp.). This analysis was carried out by the authors at
the Chrono-Environment Laboratory in Besançon, France.

Unit D

Fig. 8. The main pollen grains in the Bani Salama core.

Zoom  Original (jpeg, 552k)

The figure shows some pollen types from the Bani Salama core (Typha, Apiaceae,
Chenopodiaceae, Cyperaceae and Poaceae). This analysis was carried out by the
authors at the Chrono-Environment Laboratory in Besançon, France.

6. Discussion

Unit A

Unit B

Unit C

Unit D

7. Palaeo-environmental
reconstruction of Bani Salama site

8. Conclusions

Bani Salama lies in the eastern part of Wadi El-Natrun depression. The site
contains ruins of a temple and a castle dating back to the 12th Dynasty (1985-
1773 BC) (Fakhry, 1942; Callender, 2000). The site also contains some raw
glass workshops dating back to Egypt’s Roman period (31 BC - AD 395)
(Nenna, 2010) (Fig. 1). The geomorphological and geological contexts of Beni
Salama show the existence of a plateau on the eastern side, comprising
Pliocene rocks. This plateau rises about 10 m above the Holocene marsh
deposits, which lies to the west of it. Fasda Lake lies on the western side of the
site, at a level of -27 m below sea level. Both the Pharaonic site and the
Roman glass workshops are located above the Pliocene plateau on the eastern
side. It is possible that past human societies exploited a nearby source of
water during their occupation of the site, such as the lake. At present, Wadi El-
Natrun depression contains four aquifers and the water flows from these
aquifers into the depression (Youssef, Gad, and Ali, 2012).

1

The aim of this study is to reconstruct the Holocene paleogeography of Bani
Salama site in Wadi El-Natrun depression at the time of ancient human
occupation. Here, we use multi-proxy analyses (sedimentology,
micropalaeontology, palaeoecology) of a core taken from the site to probe its
environmental evolution during the Holocene. It is worth noting that it is the
first time this type of research has been undertaken in this region. This study
also seeks to answer some the following questions: When was the lake
formed? How did Fasda lake levels change over time? What attracted human
societies to the site? How did the environment evolve through time?

2

Fasda Lake is the most important geomorphological trait of the Bani Salama
site, and it is located‑27  m below present sea level. This means that it is
located about 11 m higher than the lowest point in Wadi El-Natrun depression.
A marsh borders the eastern and northern parts of the lake. The marsh area
has a width of about 700 m in the east, and 200 m in the north. The marsh
sediments are of Holocene age. By contrast, the southern and western sides of
the lake are bordered by Holocene aeolian sands (Fig. 2).

3

To the east, directly above the marsh sediments lies a small plateau. It is
about 10 m above the surrounding land. It is between 10 to 20 m below sea
level. This small plateau is called "Karet El Dahr" (Fakhry, 1942). "Karet El
Dahr" is part of the Bani Salama formation and is of Middle and Upper Pliocene
age. The upper portion of this formation is dominated by an oyster bed, flinty
limestone and argillaceous sands with a total thickness of about 30 m, while
the lower portion is dominated by gypseous carbonaceous clay and sandy
facies (Ahmed 1999). Pleistocene deposits comprise a grey calcareous
sandstone layer with variable ratios of argillaceous material (Ahmed 1999). It
flanks the site of Bani Salama from the north and south (Fig. 2).

4

Wadi El-Natrun depression contains four underground aquifers, groundwater
being the most important source of water to replenish the lakes of the
depression. The groundwater flows to the surface through springs because the
levels of the springs and lakes are lower than that of the aquifers. Therefore,
Wadi El-Natrun depression acts as a natural drainage basin for the aquifer
system (Ahmed, 1999; Youssef, Gad, and Ali, 2012). Faults play an important
role in the connections between the different aquifers and the water-saturated
zones. The depth of the water table ranges between zero at the ground
surface of Wadi El-Natrun lakes to 180 m to the west of Wadi El-Natrun. This
means that Wadi El-Natrun depression acts like a sink area for these aquifers
(Youssef, Gad, and Ali, 2012).

5

There are two springs to the east of Fasda lake at Bani Salama, where the
groundwater flows through them to the surface and contributes to the lake’s
water supply. These springs are locally called "Ein Hadka", meaning "saline
spring", in contrast to "Ein Helwa" meaning "freshwater spring" (Fig. 2)
(Darwish, 1965).

6

Holocene deposits at Bani Salama can be divided into two units: marsh
deposits to the east and north of Fasda Lake (fed by the outflowing aquifers)
and aeolian sand deposits to the south and west (see Fig. 2). This unique
geomorphology appears to have mediated the geography of past human
occupation.

7

The "Karet El Dahr" site at Bani Salama is considered to be a past human
settlement area, and it is divided into northern and southern parts. In the
southern part lie the remains of a Pharaonic temple surrounded by a castle
dating back to the 12th Dynasty (1985-1773 BC) (Callender, 2000), while in
the northern part there are archaeological remains of workshops of raw-glass
production dating back to the Roman period (Nenna, 2010). The remains of
the outer walls of the Pharaonic fortress constitute mud bricks. A ditch
encircles the walls for defensive purposes and inside the fortress granite blocks
lie on the ground. An examination of them during our fieldwork revealed
inscriptions and they can be attributed to the temple gate. The temple
probably opened towards the east, and its other rooms and halls are still
buried under the debris heaps lying to the west of the blocks (Fakhry, 1942).
All the rocks at Wadi El-Natroun are sedimentary, so there is no presence of
igneous rocks, including granite. In Egypt, granite only exists in the extreme
south, in the east along the Red Sea coast and in South Sinai. Therefore, it is
likely that the rocks used to build the gate of the Pharaonic temple were
brought from outside the depression. The pink color of the granite used at Bani
Salama suggests it was imported from Aswan, that located in southern Egypt
on the banks of the Nile River.

8

The inscriptions and texts written on parts of the temple gate are difficult to
decipher, and the threshold is broken into two halves. Nonetheless, the
cartridges engraved on the blocks, the style of the hieroglyphics and the name
of King "Amenemhat I" written in the middle of the threshold, show that the
gate dates back to the reign of the first pharaohs of the 12th Dynasty.
“Amenemhat I” ruled from 1985‑-1956 BC (Fakhry, 1942; Callender, 2000)
(Fig. 3A).

9

A number of artifacts have been found during excavations of the site. These
include part of a pyramid form, made of polished red granite and free of
inscriptions. Also, a black granite bust with a hieroglyphic inscription on the
back indicating that someone was honored by Ptah-Soker (Fakhry, 1942)
(Fig. 3B). This black granite bust of a chancellor of the 18th Dynasty of Lower
Egypt, and other remains at Karet El Dahr, imply that this region was held
sacred around 2000 BC (Meinardus, 1992).

10

In the northern part of the "Karet El Dahr" another remnant of past human
activites is the workshop "Bani Salama" for raw glass production dating back
to the Roman period. Geophysical surveys were conducted at the Bani Salama
workshop in 2000 and 2002. These surveys elucidated five buildings, and
structures were identified as being furnaces for smelting and glass production.
In 2003, excavation was conducted on several furnaces and glass smelters.
This site was exceptional in view of the relatively large size of the furnaces and
their excellent preservation in the archaeological record (Nenna et al., 2005;
Nenna, 2007) (Fig. 3C).

11

The Bani Salama workshop for raw glass production is located at the end of
the tracks that formerly connected Wadi El-Natrun and El-Tarrana city, on the
banks of the Rashid (or Rosetta) branch of the Nile River. El-Tarrana acted as a
port for the export of raw glass to all parts of the Roman Empire (Nenna et al.,
2005). Based on the study by ((Nenna et al., 2005), Fig. 4 was drawn from
the (Topographic map, 1926) produced by the Egyptian Survey Authority,
Scale 1:100000 called: "Wadi El Natrun". This map shows the ancient desert
routes and tracks that connected the depression with El-Tarrana. This is
further evidence for the historic importance of Bani Salama in raw glass
production and its spatial relationships with the wider the Roman Empire.

12

This study is based in part on a GIS analysis, because all the spatial data were
managed and analyzed in ArcGIS 10.1. Moreover, ArcGIS was used to draft all
the figures of the study area, including our reconstructions of the Holocene
palaeoenvironments except for Fig. 10, which was created using Adobe
Illustrator. Two base maps were used including (i) the (Topographic map,
1926) called "Wadi El Natrun" drawn up by the Egyptian Survey Authority,
Scale 1:100,000; and (ii) a (Geological map, 1987) called "Cairo" produced by
the Egyptian general petroleum corporation and CONOCO Coral Company
(Scale 1: 500,000). We integrated a satellite image "Landsat-8" captured on
4th January 2015 with a spatial resolution of 30 m, covering the study area.
We also used base imagery available in ArcMap with a resolution of 30 m,
taken on 25th April 2012 by Esri, Digital Globe, GeoEye, Earthstar Geographic,
CNES/Airbus DS USDA, USGS, AeroGRID, IGN, and the GIS User Community
to draw all the phenomena. Our digital elevation model (DEM) has a spatial
resolution of about 30 m. The feature classes were drawn using ArcGIS 10.1.

13

To study the palaeoenvironmental conditions and to reconstruct the Holocene
palaeogeography of Bani Salama, we extracted a core (NAT-11) using a
percussion corer in June 2015 (Fig. 5). Having georeferenced the maps,
images and DEM data using ArcGIS 10.1, we studied the topography of the
study area by defining contour lines and altimetric points. We subsequently
chose the most suitable point to take the core, with an aim to extracting a
long Holocene sediment archive (see Fig. 2). The length of this core is
approximately 8 m. The purpose of this study is to investigate the
environmental conditions that could have affected human activities in the past.

14

Radiocarbon dates were performed on eight peat samples at the Poznań
Radiocarbon laboratory in Poland. The radiocarbon dates were calibrated using
Calib 8.2 and the IntCal20 curve (Reimer et al. 2020). The bottommost sample
was dated to 6899 - 6498 cal. BC and there were no inversions in the
chronology. The radiocarbon ages are shown in Table 1 and Fig. 5.

15

The core samples were analyzed at both the Chrono-Environment Laboratory
in Besançon and the CEREGE Laboratory in Aix-en-Provence (France) in 2016.
We analyzed the grain-size distributions on core samples to characterize the
depositional environments (Marriner, Morhange, and Goiran, 2010; Delile
et al., 2015). Two different methods were used. The first method was wet
sieving to separate the gravel (>2 mm), sand (2 mm – 63  µm) and silt and
clay (<63 µm) fractions (Fig. 5). The second method was the dry sieving of
five samples from unit A using a column of 15 sieves (Fig. 6). We also
performed loss on ignition (LOI) of the core samples to characterize the
moisture, organic matter and carbonate content of each unit. Samples were
heated to temperatures of 105 °C (moisture), 550 °C (organic matter) and
950 °C (carbonate) respectively. Respective weights were calculated by
subtracting weights before and after heating (Walter and Dean, 1974;
Bengtsson and Enell, 1986; Heiri, Lotter, and Lemcke, 2001; Pansu and
Gautheyrou, 2006). We also performed ostracod analysis of some core
samples to probe past hydrological conditions. We obtained the ostracods from
the sand fraction of the samples using a binocular microscope
(Karanovic, 2012). Furthermore, we checked for pollen in 12 samples from
unit D (See Fig. 8). Samples were prepared chemically (HCl, NaOH, HF, HCl,
acetolysis) and physically (100 µm sieving) following the standard procedure
of (Faegri, Kaland, and Krzywinski, 1989).

16

The core was taken from the marsh area to the west of "Karet El Dahr". It is
located at the coordinates of latitude 30° 19' 28.02" N, and longitude 30° 25'
8.44" E, at -20 m below sea level (Fig. 2). In this section, we describe the
stratigraphic units of the core, from bottom to top (Fig. 5).

17

This unit is 6 to 8 m below the surface and is yellow in colour (Munsell code:
2.5 Y 6/4). Unit A does not contain organic materials, but we dated the bottom
most sample of the overlying unit. According to the radiocarbon dates for this
sample (Fig. 5 and Table 1), unit A was deposited before about 6648 cal. BC.
We carried out wet sieving grain-size analyses for 8 samples from this unit.
The average percentage of silt and clay is 19.2% while the average percentage
of sand is 80.8% and there is no gravel. The sand fraction was subsequently
dry sieved, and the results analyzed using the software GRADISTAT v. 9.1
developed by (Blott and Pye 2001) based on the grain-size parameters
proposed by (Folk and Ward, 1957) (see Fig. 6). We found that these samples
were dominated by medium sand with a mean (Mz) index of 1.832 Ø. Four of
the samples were moderately sorted with an average sorting (ϭ) index of
0.894 Ø while one sample at 605-615 cm was poorly sorted with a sorting (ϭ)
index of 1.040 Ø. The LOI results indicate that this unit has a moisture content
of just 0.1%, organic matter content is 0.3% and carbonate content is 0.1%
(See Fig. 5). There are no ostracods or organic material in this unit.

18

This unit is located between 4.7 and 6 m below the surface. The sediment
texture of this unit shows that it contains an average of 54% silt and clay,
44.1% of sand and 1.9% of gravel. The structure of this unit is dominated by
peat and organic components and is black in color with Munsell code (N 1.5).
This is confirmed by the LOI results, where the average percentage of organic
matter is 42.1% (Fig. 5) while the moisture content is 2.7% and the carbonate
content is 7.2%. Some parts of the unit comprise laminated silty clay with a
dark gray color. There are no ostracods in this unit. According to the
radiocarbon chronology, this unit was deposited between about 6648 to 4445
cal. BC.

19

This unit extends between 2.8 to 4.7 m below the surface. The sediment
texture is dominated by silt and clay, with an average relative content of
65.5%. The average percentage of sand is 33.1% and gravel comprises just
1.4%. The colors of the unit vary from black to dark gray and gray to light
gray with yellowish gray (Munsell code: 2.5 GY 3/1) (Fig. 5). The structure of
this unit is dominated by laminated to massive silty clay. The LOI results show
that the average percentage of organic matter is lower than unit B, reaching
just 16.3%, while the carbonate content average is 18.6%, and the moisture
content is 3.8%. We analysed the ostracods from seven samples in this unit.
The average faunal density is 1129 ostracods per 10 g. The
micropalaeontology analyses of the samples reveal that it contains freshwater
and brackish water species (Candona sp., Gomphocythere sp., Limnocythere
sp., Heterocypris sp. and Ilyocypris sp.) (Fig. 7) (Park, Martens, and Cohen,
2002; Keatings et al., 2010; Karanovic, 2012; Ruiz et al., 2013; Khosla,
2015). The dating results (Table 1) indicate that this unit was deposited
between 4445 cal. BC - 44 cal. AD.

20

This unit extends from 0 to 2.8 m below the surface and is characterized by a
black color (Munsell code: N 2). On average, this unit comprises 52.7% silt
and clay, 46.1% sand and just 1.2% gravel. This unit contains alternations of
peaty organic matter and layers of silts and clays (Fig. 5). The LOI results
method indicate that the average moisture content in this unit is 5.8%
compared to the previous units. The average organic matter content is 28.5%
and the average carbonate content is 2.1%. According to the radiocarbon
framework (Table  1) this unit was deposited between about 41 cal. BC - 121
cal. AD. We carried out pollen analysis on 12 samples from this unit to show
the difference in environmental conditions during the last 2000 years
(see Fig. 8).

21

According to the results reported above, we can interpret the Holocene marsh
deposits of Bani Salama, which are located between the Pliocene plateau and
Fasda lake, to understand the Holocene palaeogeography and human impacts
in the area.

22

The dating results show that this unit was deposited before 6899 - 6498 cal.
BC. The color and texture of the sand suggest that this unit is composed of
ancient dune deposits. The sand fraction is dominated by medium sand with
an average mean (Mz) index of 1.832 Ø (Fig. 6). Four samples were
moderately sorted with an average sorting (ϭ) index of 0.894 Ø and and an
average skewness index of 0.133 Ø. These moderately sorted sands with
skewed towards finer grades suggest aeolian sediments. On the basis of our
analyses, we conclude that this unit was deposited in the study area under a
dry climate dominated by wind processes before about 6648 cal. BC.

23

The sediments of this unit differ from unit A, as they are wet deposits
compared to the dry sandy sediments of the previous unit. The high organic
content in this unit, which totalled 42.1%, as well as the sediment composition
dominated by peat and plant remains results from a marshy freshwater
context (Odum, 1988). Some parts of the unit manifest a bedding structure
consistent with deposition in shallow water. These sedimentary changes may
indicate a change in the water level of Fasda lake in the past. Although the
sediments of this unit indicate that the water level reached the core location,
the sand content, which has an average percentage of 44.1%, appears
consistent with in blown sediment from surrounding dune areas. The
deposition period of this unit, between about 6648 - 4445 cal. BC, coincides
with the pre-dynastic period (Callender, 2000). Human settlement is not
attested at Bani Salama during this phase.

24

This unit consists of 65.5% laminated silt and clay with low organic matter
content, deposited as thinly bedded layers and containing freshwater
ostracods. This unit formed inside a shallow freshwater body with quiet-water
conditions allowing deposition of fine-grained suspended sediment like silt,
clay and sands (Boggs, 2006). This also suggests that Fasda Lake was much
larger at this time and spread east to the level of NAT-11 core (Fig. 2).
According to the dating results for this unit, the existence of Fasda Lake and
the formation of lacustrine sediments at the core site coincided with the
human occupation of the Bani Salama site during the Pharaonic period (3200 -
332 BC), the Ptolemaic Period (332 - 31 BC) (Callender, 2000) and shortly
before the beginning of the Roman period in Egypt (31 BC - AD 395)
(Nenna, 2010). As the core data indicates, the level of Fasda Llake was about
4 m higher than at present. This higher freshwater lake level was particularly
conducive to human activities.

25

This unit began to be deposited between about 41 cal. BC – 121 cal. AD until
the present time, meaning that it was deposited during the last ~2000 years.
It includes the Roman occupation of Bani Salama (Nenna, 2010). The texture
of this unit is very similar to unit B because it comprises successive layers of
peat and silt and clay. This is consistent with past fluctuations in the level of
Fasda Lake. The amount of organic content in this unit is less than in unit B,
reaching only 28.5%. The palynological analyses of this unit reveal the
presence of Typha, Apiaceae, Chenopodiaceae, Cyperaceae and Poaceae pollen
(Fig. 8). During the field study of Beni Salama, we found that these plants are
still growing in the area today. This suggests that the climatic and hydrological
conditions of the area remained relatively stable in the study area during the
deposition period of unit D.

26

Data from the Bani Salama core (Figs. 5 and 6) demonstrate that the site was
characterized by a dry environment dominated by aeolian processes until the
first quarter of the Holocene period, before about 6899 - 6498 cal. BC. This
may explain why Bani Salama was not occupied by human societies until this
date, as attest historical and archaeological data (Fig. 9A). According to NAT-
11 sediment core and the dating results, water entered the site of Bani Salama
between 6648 - 5810 cal. BC via the groundwater that fed the springs and led
to the formation of marsh areas. Marsh/lacustrine sediments began to form at
the position of the core site as a result of increased groundwater flow to the
site and the expansion of Fasda Lake. Figure 9B shows that the lake's water
level between 3314 - 2910 cal BC was -23.80 m below sea level, about 3 m
higher than the current situation. According to current archaeological findings,
the emergence of human occupation at Bani Salama began during the 12th
Dynasty (1985 - 1773 BC) when the Pharaonic castle and temple were built
next to Fasda Lake, on top of Karet El Dahr (Fakhry, 1942; Callender, 2000).
The results of the ostracod analysis (Fig. 7) show that Fasda Lake comprised
freshwater, an important natural resource that attracted human societies to
Bani Salama at this time. Figure 9C indicates that the level of the lake
continued to rise to around -22.80 m below sea level, between 41 cal. BC –
121 cal. AD. At the same time, the lake's water receded from the position of
the sediment core and the marsh began to form again around the fringes of
the lake. During this period, Bani Salama workshop was founded to produce
raw glass during Roman times in the northern part of Karet El Dahr
(Nenna, 2010). The decision to establish a glassmaking workshop at Bani
Salama during the Roman period is probably due to the availability of basic
materials such as sand and natron salts that were in abundant supply around
the lake. Indeed, Bani Salama was one of the most important glass production
centers in the Roman Empire (Nenna,  2010). The raw glass blocks were
transported from Bani Salama to the port of El-Tarrana, on the banks of the
Nile, and were then loaded onto ships and exported overseas (Nenna et al.,
2005). Results of the pollen analysis (Fig. 8) indicate that we find the same
plants today as 2000 years ago. The level of Fasda Lake has decreased by 4.2
m and dropped to -27 m below the sea level and its area has shrunk and been
replaced by marsh deposits (see Fig. 9D). The shrinking of the lake is probably
due to a fall in water supply from the springs, consistent with decreasing Nile
flow and increased aridity. At Fasda Lake this transition is attested by a
gradual transformation from fresh to saline water, due to the concentration of
dissolved ions because the lake has no outlet. These relationships demonstrate
that Fasda Lake has responded to a gradual precession-driven shift in the
mean boreal position of the ITCZ (Fig. 10). A time-progressive decrease in
summer insolation reduced Africa’s land/sea contrast and therefore the
northern movement of monsoonal rainfall belts, which, for the Nile valley, lay
~500 km north of present during the early Holocene (Marriner et al., 2012).
Convective activity within the ITCZ was furthermore reduced by a gradual
decrease in monsoon wind strength over East Africa, and therefore moisture
influx from the southern Indian Ocean (Bassinot et al., 2011). Nonetheless,
our results suggest that relatively high lake levels persisted at Fasda Lake
beyond the end of the African Humid Period because the lake was fed by
groundwater.
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This study focused on the analysis of the Holocene deposits at Bani Salama
with the aim of reconstructing the palaeoenvironments when human societies
occupied the site. Before 6899 - 6498 cal BC, Bani Salama was characterized
by a dry climate dominated by aeolian processes. Water entered the site of
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Fig. 9. Reconstruction of the Holocene paleogeography of Bani Salama

Zoom  Original (jpeg, 566k)

This figure shows the evolving geomorphology of the study area during four
different stages, from around 6600 cal. BC to the present

The maps were drawn using ArcGIS, based on the core data from our study, maps
and the digital elevation model (DEM).

Fig. 10. Tentative reconstruction of Fasda Lake levels during the past 8000
years and comparison with other regional proxies

Zoom  Original (jpeg, 165k)

Holocene insolation at 30°N for June-July-August (Laskar et al., 2004). (B) On the
right axis: radiocarbon dates from early and mid-Holocene occupation sites in the
Eastern Sahara (Kuper and Kröpelin, 2006). The solid black line denotes a three-
point moving average. On the left axis: estimates for the population of the Nile
valley in Egypt (Butzer, 1976). (C) North African lake levels (Magny et al., 2013).
(D) Reconstruction of Fasda Lake levels from core Nat-11 (this study). (E)
Strontium isotope record from Mayut Lake on the western margin of the Nile Delta
showing variations in the influence of the Mediterranean Sea and Nile flow in the
lake’s palaeohydrology (Flaux et al., 2013). (F) Nile Delta accretionary status
(Marriner et al., 2013).

This figure was created by Illustrator 25.2. 1 software.

by a dry climate dominated by aeolian processes. Water entered the site of
Bani Salama between 6648 - 5810 cal BC via groundwater-fed springs, leading
to the formation of Fasda Lake. Human occupation began at Bani Salama
between 1985 - 1956 BC, when the Pharaonic castle and temple were built
next to Fasda Lake, on top of Karet El Dahr during the 12th Dynasty. After the
African Humid Period, societies were concentrated along the Nile Valley, desert
oases and spring outlets such as Wadi Natroun. The results of the ostracod
analysis indicate that Fasda Lake contained freshwater, making the site
particularly attractive to human societies at that time. Bani Salama was one of
the most important glass production centers during the Roman Empire and it
was selected as a glassmaking site due to the availability of raw materials,
such as sand and natron salts that were deposited around the lake. The raw
glass blocks were transported from Bani Salama to El-Tarrana city and were
there loaded onto ships and exported abroad through the Nile Rasheed branch
and then across the Mediterranean to all parts of the Roman Empire. According
to our core data, there were significant changes in the levels of Fasda Lake
where the highest elevation of the lake was -22.80 m between 41 cal BC – 121
cal AD. At present, we find that the surface level of Fasda lake has dropped to
-27 m. A reduction in the surface area of the lake is due to a fall in water
supply from the groundwater‑fed springs.
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Title Fig. 1

Caption (A) The general location of the study area. (B) The site of Bani Salama in
the Wadi El-Natrun depression. (C) Details of the Bani Salama site.
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Title Fig. 2. Natural context of Bani Salama

Caption This figure shows the geological, geomorphological and hydrological
characteristics of the study area. It was drawn using a (Geological map
1987) produced by the Egyptian general petroleum corporation and
CONOCO Coral Company, scale 1: 500,000. The digital elevation model
(DEM) has a spatial resolution of 30 m and was produced using data from
the Shuttle Radar Topography Mission (SRTM), NASA. The feature classes
were drawn, and the contour lines were extracted from the DEM using
ArcGIS 10.1.
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Title Fig. 3.

Caption (A) The blocks of the Pharaonic temple gate from the 12th Dynasty. (B) The
black granite bust from the 18th Dynasty of the Pharaonic period. (C) Beni
Salama workshop was used to produce raw glass during the Roman period.

Credits The photos A & C were taken during field study in June 2015 by Clément
Flaux. Photo B was taken from (Fakhry 1942) and is an artefact found at
Bani Salama.
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Title Fig. 4.

Caption The ancient desert route connecting Wadi El-Natrun depression with El-
Tarrana city

Credits This figure was drawn using the topographic map of Wadi El-Natrun
depression produced in 1926 by the Egyptian Survey Authority (Scale
1:100000). The ancient desert route that connected Wadi El-Natrun
depression with El-Tarrana city was digitized in ArcGIS 10.1. This ancient
desert route is not straight but varies according to the topography. El-
Tarrana port served as a point of export for raw glass from Wadi El-Natrun
during the Roman period.
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Title Fig. 5. The sediment core from Bani Salama

Caption The core was extracted during a field study in June 2015 and the figure was
drown using Inkscape v. 0.91.
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Title Fig. 6. Results of grain size analysis of sands taken from unit A.

Caption The figure shows the distribution of sand grain-size classes in five samples
of core NAT-11. This analysis was carried out at the CEREGE laboratory in
France by the authors and the results were processed using Excel.
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Title Fig. 7. The main species of Ostracod in the Bani Salama core

Caption Ostracod species include (Candona sp., Gomphocythere sp., Limnocythere
sp., Heterocypris sp. and Ilyocypris sp.). This analysis was carried out by
the authors at the Chrono-Environment Laboratory in Besançon, France.
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Title Fig. 8. The main pollen grains in the Bani Salama core.

Caption The figure shows some pollen types from the Bani Salama core (Typha,
Apiaceae, Chenopodiaceae, Cyperaceae and Poaceae). This analysis was
carried out by the authors at the Chrono-Environment Laboratory in
Besançon, France.
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Title Fig. 9. Reconstruction of the Holocene paleogeography of Bani

Salama

Caption This figure shows the evolving geomorphology of the study area during four
different stages, from around 6600 cal. BC to the present

Credits The maps were drawn using ArcGIS, based on the core data from our study,
maps and the digital elevation model (DEM).

URL http://journals.openedition.org/mediterranee/docannexe/image/14405/img-
9.jpeg

File image/jpeg, 566k

Title Fig. 10. Tentative reconstruction of Fasda Lake levels during the
past 8000 years and comparison with other regional proxies

Caption Holocene insolation at 30°N for June-July-August (Laskar et al., 2004). (B)
On the right axis: radiocarbon dates from early and mid-Holocene
occupation sites in the Eastern Sahara (Kuper and Kröpelin, 2006). The
solid black line denotes a three-point moving average. On the left axis:
estimates for the population of the Nile valley in Egypt (Butzer, 1976). (C)
North African lake levels (Magny et al., 2013). (D) Reconstruction of Fasda
Lake levels from core Nat-11 (this study). (E) Strontium isotope record from
Mayut Lake on the western margin of the Nile Delta showing variations in
the influence of the Mediterranean Sea and Nile flow in the lake’s
palaeohydrology (Flaux et al., 2013). (F) Nile Delta accretionary status
(Marriner et al., 2013).
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