
4-1  IntroductIon

Berenike Tro<l>odytica was a port city operational 
during the Ptolemaic and Roman era with arguably 
the most important harbor situated at the northern 
end of the Red Sea. The site is located in a prime 
geographic position at the northern reaches of the 
Indian Ocean monsoon winds, approximately 260 
km east of Aswan and 825 km south–southeast of 
Suez. Berenike lies immediately southwest of the 
large peninsula Ras Benas, which although offering 
little protection from the elements would have acted 
as a conspicuous landmark visible for those sailing to 
the port from the north or the south. The geographic 
location and landscape setting of Berenike was 
well-suited for a port, even when we consider the 
significant logistical demands of developing a large 
trans-shipment hub in a marginal environment 
located between the Red Sea and the Eastern Desert, 
where access to fresh water, food and other essential 
resources was severely restricted.

During the Ptolemaic–Roman period a number 
of factors ensured the commercial success of 
Berenike, including contemporary advances in ship 
design and construction techniques (e.g., Wilson 
2011), innovations in navigation and mooring 
methods (e.g., Votruba 2014), the proliferation 
of Red Sea shipping lanes, located at the nexus of 
Indian Ocean and Mediterranean commerce (e.g., 
Young 2001; Parker 2008; McLaughlin 2010; 2104; 
Sidebotham 2011), and a growing understanding 
of how to exploit natural features of the coastal 
landscape to ensure protected moorages. Although 
the exact numbers of ships using Berenike at any 
given time remains unclear (but see Strab. 2.5.12, 
where 120 vessels are mentioned), trade volumes 
must have been sufficiently high to ensure the 
viability and success of the port. This being the case, 
to understand the role of this port within the nascent 
international shipping network, questions relating 

to the actual size and capacity of this port might 
usefully be asked.  Why was the city founded in this 
particular location, and how did it evolve in size and 
appearance over the centuries of its operation? What 
drove these changes, and might these be correlated 
with specific environmental, political or commercial 
events?

Despite Berenike playing such a significant role 
in Ptolemaic and Roman period trans-shipment and 
maritime trade, it is only over the past half-decade 
that focused research effort has sought to define 
the location, size and capacity of its harbor basins 
(see Sidebotham 2011: 60), and the environmental 
and geomorphic processes associated with their 
inception and evolution, and the eventual decline of 
the port town that developed around it. Changes in 
the local landscape and regional climate—I would 
argue—must have played a role in the rise and fall 
of this port city, located as it is in such a dynamic, 
marginal environment. Variability inherent in these 
climate dynamics would have likely dictated the 
levels of costly and labour-intensive maintenance 
and adaptation required to keep the harbours 
operational, and thus may have been a factor in its 
demise. 

In order to address these primary research 
aims, the project led by the author, and conducted 
as a part of PhD research at the University of 
Oxford, generated new data and formulated a 
new approach for analyzing this information that 
enabled the exploration and reconstruction of the 
ancient landscapes and environments of Berenike. 
Palaeoenvironmental and palaeolandscape data 
obtained through geomorphological surveys, 
augering and sedimentological analyses aimed to 
reconstruct the dynamics of the site in its landscape 
setting during Berenike’s occupation in the Ptolemaic 
and Roman periods. This research intended to 
elucidate the landscape and site formation processes 

1 The Earth Science approach uses a multitude of interdisciplinary methods from the border between geology, geomorphology and 
coastal geography. It builds on ‘Earth System Science’ or simply the ‘Earth System’, which has been in common use since the 1950s and 
which acknowledges changes in the solid earth (land – lithosphere or geosphere) being a result of interactions between the atmosphere 
(air), hydrosphere (water, including oceans, rivers, ice), biosphere (life) and lithosphere.
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that have shaped Berenike, providing information 
about how the occupants of the city responded 
and adapted to environmental changes. The final 
palaeoenvironmental reconstruction (see Chapter 
6) used both cultural (historical) and scientific 
(archaeological, geoarchaeological) data to assess 
the correlation, if any, between environmental 
change and socio-political events.

The author employed an Earth Science 
approach1  for this research, which generated 
important new data, allowing for integration with 
traditional archaeological information. Earlier 
scholarly interpretations regarding the inception 
and development of Berenike, and the ultimate 
decline and abandonment of the city, were also 
scrutinized and reconsidered using extensive sub-
surface topographic data that, in turn, allowed 
for the re-configuration of our understanding of 
different functional areas of the site. 

Berenike is currently located in harsh 
environmental conditions on the margins of human 
habitation. Distant from fresh water sources and 
high quality building materials, swept by strong 
winds, and occasionally at risk of flash floods, the 
site does not seem, at first glance, as if it could ever 
have been a particularly attractive location for an 
important port. It is, therefore, crucial to explore 
the past landscape and environmental setting of 
Berenike, and provide background information for 
understanding the relationship between the site, the 
humans who occupied it, and the natural forces that 
shaped it at the time of its occupation — essentially 
the human-site–environment inter-relationships.

4-2   red Sea coaStS and baSIn characterIStIc

The ancient port of Berenike is located in a dry area, 
situated just 52 km north of the Tropic of Cancer 
(23°26’), on the western Red Sea coast of southern 
Egypt (23°54’37” N/35°28’34” E). The semi-
enclosed and narrow basin of the Red Sea, opening 
to the equatorial regions, has a long history of 
human occupation (e.g., Bailey 2009) and its coastal 
dynamics determine Berenike’s natural conditions. 
Bab al-Mandeb strait dynamics and regional 
climate control the harsh marine environment at 
the site (Kotarba-Morley 2015). The non-linear and 
non-uniform evolution of coastal systems during 
the later phases of the Holocene (from about 11,700 
years ago until the beginning of the Anthropocene 
in 1945) on the Red Sea coasts developed as an 
amalgamation of global, regional and local controls 
including sea-level fluctuations, sedimentary 
processes, climate change, anthropogenic forcing 
and temporal shifts.

4-2.1   ClimatiC Conditions: past and present 

The climatic conditions of the Red Sea coasts 
today, and throughout the late Holocene, are semi-
arid to arid with sparse rainfall, limited supplies 
of surface water, and no permanent river inflows 
(Edwards and Head 1987; Bailey 2009; Zahran 
2010). The climate is relatively uniform with the 
exception of latitude-dependent temperatures 
(Edwards and Head 1987; Legge, Mutterlose, and 
Arz 2006; Bailey 2009) allowing only limited zones 
suitable for human exploration and habitation. 
The Red Sea has the highest temperatures and 
salinities recorded in the world’s oceans (Belkin, 
Cornillon, and Sherman 2009) with a mean surface 
salinity of 42.5% and a mean temperature of 30°C 
during the summer months (Sofianos, Johns, and 
Murray 2002). This affects the distribution and 
diversity of marine species that provide subsistence 
for coastal communities. Precipitation in the 
region is generally low and is largely exceeded 
by evaporation (Quadfasel 2001) with rainfall 
concentrated, once every several years, mainly 
in the winter months, varying from about 5 mm 
at Quseir to approximately 27–28 mm at Eilat. 
Torrential downpours observed once every 15–17 
years lead to flash floods (seyal/suyul in Arabic) 
(Sidebotham 2011a: 8), the destructive power of 
which is also visible in the sedimentary record. 

According to Maxfield (2001: 143; Sidebotham 
2011a: 8–9) available evidence suggests that rainfall 
levels were similar during antiquity, at least 
during Ptolemaic and Roman times. This made 
non-irrigated agriculture and keeping livestock 
extremely difficult, and subsistence had to rely 
largely on coastal resources and imported goods. 
However, precipitation increases in the mountains 
of the south in Ethiopia, which receive summer rain 
from the Indian Ocean Monsoon (IOM) system, 
thereby allowing for more diverse subsistence 
strategies. Comparably, precipitation rates range 
from approximately 300–1,000 mm in the highlands 
of Yemen and the ‘Asir Mountains of Saudi Arabia, 
and from approximately 500–2,000 mm in the 
Ethiopian highlands, making herding of cattle 
and sheep/goat and cultivation using terraced 
agriculture more practical (Bailey 2009) [Fig. 4-1]. 

The absence of perennial streams or rivers on 
the Red Sea anti-estuarine coasts makes life in the 
region dependent upon springs, wells and oases 
(Bailey 2009: 7) though the latter play little or no 
role in the Eastern Desert of Egypt. This means 
that the entire region is extremely sensitive to 
even minor climatic shifts. A glance at the current 
landscape of Berenike, a bare desert swept by 
gusty winds, makes it difficult to imagine that it 
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could once have flourished as an important trading 
outpost, or, as has been proposed, could once 
have been seasonally humid enough to sustain 
light soils for the use of small-scale horticulture 
(Jarosław Zieliński, personal communication 
2011; however, see Cappers 2006: 155–166). 

Even in the fairly recent past, large wadis in 
the vicinity of the site were sporadically flooded by 
water from the mountains to the west, across the 
coastal plain, to the sea. From the earliest times the 
wadis provided natural tracks of communication, 
later becoming corridors of trade for importing 
and exporting goods and commodities across  

the Eastern Desert (Schörle 2010). Today, these 
wadi systems occasionally flow during heavy 
rains that cause the coastal plain to flood, resulting 
in a temporary greening of the desert [Fig. 4-2]. 
Evidence for such periodic humid events has 
been recognized in archaeological sections at 
Berenike (e.g., Trench BE11-71) and wadi sections 
(e.g., in an open section close to the entrance of 
Wadi Kalalat), indicating the intensified flow of 
seasonal rivers at certain times. These cycles of 
wetter climate must have dramatically changed 
the appearance of the Red Sea coasts, increasing 
their attractiveness to settlers and passers-by. 

There is no doubt that the Red Sea and the 
wider Arabian Peninsula, which are so sensitive 
to climatic changes in both terrestrial and marine 
environments (Seeberg-Elverfeldt et al. 2007), have 
experienced periods of wetter conditions in the past 
(McLaren et al. 2009; Armitage et al. 2011; Rosenberg 
et al. 2011), which had implications for human 
populations occupying or passing through these 
regions. Establishing when these humid phases 
occurred in relationship to peak periods of human 
activity at Berenike is crucial and is presented below.

There is a considerable amount of published 
data regarding climate and sea level changes for the 
later phases of the Quaternary (Pleistocene: about 
2,588,000 to 11,700 BP and early to mid Holocene: 
11,700 to roughly 5000 BP; e.g., Bailey 2009), 
but not for the late Holocene (5000 BP to 1945). 
However, a research group from the University 
of Bremen recently developed a model of regional 
climate change over the past 1,800 years or so 
(Seeberg-Elverfeldt et al. 2007). This model, based 
on analysis of marine cores from Shaaban Deep, in 
the northern Red Sea, used stable oxygen isotopes, 
grain size data, micro plankton and foraminifera, 
and identified a pattern of alternating negative 
and positive climatic phases (Seeberg-Elverfeldt 
2004; Seeberg-Elverfeldt et al. 2004; 2005).

Fig. 4-1.  Map of Red Sea bathymetry and surro-
unding topography with a location of the 
site (Source of imagery: ESRI, Drawing 
A.M. Kotarba-Morley

Fig. 4-2. Greening of the desert in winter 2013 after propitious rains and flooding (Photo A.M. Kotarba-Morley 2013)
2  δ18O is a measure of the ratio of stable isotopes 18O:16O (oxygen-18:oxygen-16) used in geochemistry, paleoclimatology, 

paleoceanography, and climatic geology. Determination of δ18O from corals, foraminifera and ice cores allows recording glacio-
eustatic sea-level and climatic fluctuations as well as seasonality and is a proxy for temperature of precipitation, as a measure of 
groundwater/mineral interactions.
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The four intermediate positive phases are 
characterized by heavier and coarser grains, which 
indicate colder, drier conditions with stronger 
winds. Five negative phases that occurred between 
AD 200–430, 750–950, 1180–1430, 1550–1750, 1850–
present, are characterized by lighter and smaller 
grains. Fluctuations in δ18O,2 used here as a measure 
of temperature and precipitation, indicate that the 
negative phases relate to warmer, humid conditions 
with weaker winds in the northern Red Sea. 

Comparison with published palaeoclimatic 
records reveals possible teleconnections to North 
Atlantic climatic variability as well as to the climate 
regime of eastern tropical Africa and Arabia 
(e.g., Seeberg-Everfeldt et al. 2007; McLaren et al. 
2009). These findings partly correspond with data 
collected by the CASTINE (Climatic Assessment of 
Transient Instabilities in the Natural Environment) 
Project that has identified four global periods of 
turbulent climatic change during the Holocene, 
at 9–8 kya,3 6–5 kya, 3.5–2.5 kya and 0.6–0 kya, 
with two more regional events at 4.2–3 kya and 
1.2–1 kya (Mayewski et al. 2004). 

This indicates that the period between 1000 BC 
and AD 800 was generally free of turbulent climatic 
change in the Red Sea (Seeberg-Everfeldt et al. 
2007). Colder, drier conditions with stronger winds 
dominated before 200 BC (early/mid Ptolemaic), and 
then warmer, humid conditions with weaker winds 
prevailed between AD 200–450, peaks in Berenike’s 

activity (Early Roman and later, from mid 4th into 
the 5th century AD). Such climatic signatures are 
only partly visible in the sedimentary record, which 
exhibits signs of another potentially humid phase 
(flash flood events in the stratigraphy) somewhere 
between the late Ptolemaic and early Roman period. 
While absolute dating of sedimentological columns 
could not be achieved on the site due to the high 
prices and long queues for dating in local institutions 
and difficulties with obtaining export permissions, 
the relative dating seems to agree only partly with 
the Seeberg-Everfeldt data and points towards 
Berenike’s climatic change being stimulated mostly 
by local forces rather than regional dynamics.

4-2.2  Winds and ClimatiC systems 

Two distinct systems influence climate in the 
Red Sea; these interact dynamically in the area 
of Berenike. Within the borders of the Red Sea 
basin itself, the general surface circulation is 
cyclonic (Longhurst 1998). In the north, however, 
Mediterranean cyclones and the North Atlantic 
Oscillation (NAO) cycle drive precipitation, 
which affect oscillation at Berenike and bring 
occasional winter rains. This results, accordingly, 
in wetter seasons approximately every six years 
(Felis et al. 2000); however, Sidebotham observed 
(personal communication, 2012) that it is more 
like 15–17 years in the region of Berenike. 

3 kya = thousand years ago.
4 Known as the doldrums to sailors, it is an area of low pressure (of varied location), which encircles the earth near the equator and 

where the northeastern and southeastern trade winds merge and the prevailing winds are calm. It appears as a band of clouds, 
usually stormy.

Fig. 4-3. Red Sea winter and summer wind and current patterns (Source of imagery: ESRI, Drawing A.M. 
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The Mediterranean climatic system also 
controls the formation of deeper waters during 
the drier and harsher winters (Arz et al. 2003) that 
might have had a profound effect on navigation, 
making sailing along the challenging coasts of 
the Red Sea safer. In the south, the monsoonal 
climatic system regulates nutrient input, and the 
shifting northward position of the Intertropical 
Convergence Zone (ITCZ)4 at the times of monsoon 
intensification (Hemleben et al. 1996; Edelman-
Furstenberg, Almogi-Labin, and Hemleben 2009) 
when its force shifts as far north as Ras Benas 
(peninsula north of Berenike) [Fig. 4-3]. During 
the winter months, the northeasterly monsoon 
extends as far north as the Gulf of Aden and the 
southern Red Sea, causing the seasonal reversal 
of wind regimes in the entire region (Patzert 
1974b). Knowledge of changes in the prevailing 
wind patterns would have played a crucial role 
in planning sea voyages and sustaining complex 
trading networks. 

As already mentioned above, winds, 
evaporation and the monsoon system dominate 
water circulation patterns in the Red Sea. Seasonal 
and monsoonal vector changes, with northerly–
northeasterly winds dominating, influence 
changes in wind direction in the southern Red Sea. 
In the winter months, when this region is under 
the influence of the Mediterranean cyclones, 
strong, but short-lived westerly to southwesterly 
storm winds occur. Over the surface of the Red 
Sea the predominant wind patterns are usually 
northerly trade winds (e.g., Edwards and Head 
1987; Morgan and Davies 1995: 29) [Fig. 4-4]. In 
weak wind, the course would be north-east by 
north and due west (Whitewright 2008: 139, Fig. 
2.24) while in a strong wind, as Sulaimān al-Mahrī 
tells us,5 sailors would allow for an east by north 
or due east course for the Arabian coast and west-
southwest or southwest by west for the African 
coast (Tibbetts 1971: 327). 

Fig. 4-4.  The takkiya headings (a range of courses) for variable wind direction given by Sulaimān al-Mahrī 
 (Source: Whitewright 2008: 140, Fig. 2.24)

5 A sailing-master (mu'allim al-ba'r) and author of Sailing Instructions in the first half of the 16th century (Ferrand 2012).
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The prevailing northerlies in the northern 
part of the Red Sea (where Berenike and Myos 
Hormos are located) blow almost all year round, 
with the central part of the basin experiencing 
more mixed conditions, with prevailing norther-
lies supplemented by some westerly blows. In 
the southern part of the Red Sea, the northerlies 
still prevail in the summer, with the reversed 
pattern in the winter when southerlies prevail 
approximately 55–70% of the time (Morgan and 
Davies 1995: 29–30). The strong seasonal (0.5 knot) 
currents follow the directions of winds and aid 
northward journeys (Whitewright 2007: 85). In 
the Gulf of Aden, the winds blow in (towards 
the west) during the winter and out (towards the 
east) during the summer months, determining the 
schedule for maritime traffic in and out of the basin. 

On the Indian Ocean, the northeastern 
monsoon blows during the winter, from about 
November to March, with a general force of 
4–5 BFT6 (10–20 knots) and ocean currents usually 
follow the prevailing wind in the ½ to 1 knot range. 
This, according to Beresford (2013: 219), presented 
little threat to seafarers and would have offered 
favorable conditions “making for very pleasant 
passage.” Additionally, the northeastern monsoon 
brings hot and humid conditions and a rainy 
season, which means that any westerly passage 
should be undertaken at or around the beginning of 
the year. The southwestern monsoon blows during 
the summer, from May to September/October with 
a force of around 7–8 BFT (28–40 knots), bringing 
cooler and drier weather (e.g., Cadet 1979; Hourani 
1995; Margariti 2007). April/May and October are 
transitional periods on the Indian Ocean (Seland 
2011: 401). Separating the two seasons are inter-
monsoonal cycles characterized by light and highly 
variable winds (Beresford 2013: 216).

Traditionally, specific basin conditions meant 
that vessels leaving Egypt around August arrived 
in India sometime in September, and then set 
out for the return journey from India as soon as 
possible. This happened any time after the onset 
of the northeastern monsoon around December 
and no later than early January (Plin. Nat. 6.106; 
Whitewright 2007: 78), bringing the vessels to the 
southern part of the Red Sea by the end of March 
at the latest. This was in time to use southeastern 
winds prevailing from January to March that are 
reliable up to Berenike’s latitude (Facey 2004: 
9–11). This would allow mariners to exploit any 
‘decent’ southerly and offshore (diurnal) wind 
experienced on the Red Sea (Whitewright 2007: 78). 

After that, from April to December, the northerly 
winds prevailed on the southern Red Sea making 
the passage very difficult, if not impossible (De 
Romanis 2009; Seland 2011: 401). 

The journey from India to Arabia could have 
been performed anytime between late October and 
early March (Tibbetts 1971: 231) with no ‘closing’ 
date of arrival in the Persian Gulf. However, 
according to speeds calculated by Seland (2011: 
401), if a vessel left at the beginning of the season 
and took two months from India to the Gulf, 
the merchants would have arrived there around 
mid-December. The so-called southern passage 
to Africa was also available from July to August 
(Horsburgh 1841: 484). 

During the northern hemisphere summer, 
inter-tropical fronts move northwards, bringing 
strong winds and thunderstorms thereby making 
a passage in the peak summer months of June and 
July almost impossible for smaller vessels (Curtin 
1984: 99). The trough pattern, however, sometimes 
shows anomalies and promotes Sub-Tropical 
Westerly Jets (STWJ)7 over the Red Sea (Williams 
and Kniveton 2011: 36). The border between the 
northerly and southerly winds is approximately 
20°N, representing the most northerly position 
of the ITCZ during the summer time (Patzert 
1972; 1974a; 1974b; Edwards and Head 1987; 
Stenchikov 2011). Sailors departing Berenike, 
after approximately three months in port would, 
therefore, have to set sail early enough to arrive 
in India by September (Curtin 1984: 99), where, 
again, they would spend approximately three 
months trading and performing ship maintenance 
before leaving again some time in December.

4-2.3  sea level Change 

In addition to shifts in climate, the Red Sea basin 
has also been subject to changes in RSL (relative 
sea level) (e.g., Wanner et al. 2008; Rohling et 
al. 2013; Murray-Wallace and Woodroffe 2014: 
244–246). The Quaternary (2.588 million years ago 
until today) has been a period of major climatic 
and sea level change caused by fluctuations of the 
polar ice masses (Murray-Wallace and Woodroffe 
2014). However, the Red Sea is distant from the 
former ice sheets and, therefore, its isostatic 
response depends upon the contribution of the 
water load from other basins, which is limited by 
the Bab al-Mandeb’s dynamics (Lambeck et al. 
2011: 3547).

6 The Beaufort Scale relates to the empirical measurement of wind speed and observed conditions at sea or on land. 
7 Earth’s major jet streams are fast flowing, narrow air currents.
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More data for the Roman period environment-
al and climatic changes (e.g., McCormick et al. 
2012; Manning 2013; McCormick 2013; Wilson 
2013) as well as sea level fluctuations have recently 
emerged for the Mediterranean. For those studies, 
sea level data was based on the correlation of 
biomarkers and archaeological features in order 
to discern sea level fluctuations (e.g., Morhange 
et al. 2006; 2013; Stewart and Morhange 2009; 
Anzidei et al. 2011; 2014; Morhange and Marriner 
2015). Based on the total isostatic contribution 
to the change in RSL on the Tyrrhenian coast at 
2000 years BP; estimated at -1.22 ±0.06 m (for the 
weighted mean earth model); some scientists 
calculate Mediterranean sea level during the 
Roman period as being –0.13 ±0.09 m below 
current mean sea level (bmsl) (Lambeck et al. 
2004: 563, 573). Unfortunately, the Mediterranean 
results cannot be applied directly to the Red Sea, 
which is a much less tectonically active basin, and 
because the isostatic effects are different. 

The Red Sea basin has been subject to relative 
sea level fluctuations on two scales: local, e.g. local 
tectonic uplift and coastal sedimentation; and 
eustatic (global), i.e., those connected with glacial–
interglacial cycles and long-term factors of tectonic 
deformations associated with rifting, faulting 
and volcanic activity (Bailey 2009). Although the 
tectonic activity in the Red Sea region during 
the past 150,000 years is thought to have been 
negligible, even minor fluctuations at base level 
must be taken into consideration when analyzing 
apparent sea level change (Plaziat et al. 1995). 

Eustatic sea level fluctuations over the past 
2000 years have generally been limited (e.g., 
Anzidei et al. 2011; Hein et al. 2011; Lambeck et 
al. 2011; Murray-Wallace and Woodroffe 2014) 
given the comparatively stable climate. However, 
periodic changes did occur during the Medieval 
Warm Period (approximately AD 950–1250) 
and Little Ice Age (approximately AD 1300–
1850) (Carozza et al. 2014), making it difficult to 
isolate their effects from general rates of isostatic 
uplift/subsidence over this broader timescale. 
Furthermore, since the Red Sea basin is almost 
totally enclosed, it is unreliable to use changes in 
RSL outside the basin as a proxy for basin-wide 
fluctuations, owing to the effects of precipitation 
and evaporation (Siddall et al. 2004). 

There is also still some debate about the 
nature and timing of lead and lag times between 
global climatic events and the response of regional 
sea levels on the Red Sea (Armitage et al. 2011; 
Lambeck et al. 2011). It is likely that significant lags 
would have occurred as polar ice caps responded 
slowly to subtle changes in global climate (e.g., 
Sierro et al. 2009). This is especially relevant for sea 

level curves derived for the Red Sea, as the semi-
enclosed nature of the basin probably increased 
the likelihood of lead/lag times.

Current coastal landforms around Africa and 
Europe formed largely during the last 6,000 years 
of the Holocene when the sea achieved its current 
level (Marriner, Morhange, and Goiran 2010; 
Hein et al. 2011) and as such they can be used to 
address archaeological questions. Although there 
is a great deal of published research concerning 
sea level change in the Red Sea during the earlier 
periods including Pleistocene and early to mid 
Holocene (e.g., Bailey et al. 2007; Bailey 2009; Hein 
et al. 2011; Murray-Wallace and Woodroffe 2014; 
Schneider 2014), there is very little published data 
for the later Holocene. 

In the Red Sea Plaziat and colleagues (1995: 
18–19) report the change in mid Holocene sea 
level, based on variation in size of truncated 
colonies of coral south of Hamata (about 40 km 
north of Berenike), dated to 6410 ±84 BP, and 
north of Wadi Gemal, dated to 7670 ±206 BP. The 
presence of erosional surfaces between mean sea 
level (MSL) and mean low water has also verified 
this 0.5–1.0 m increase in sea level in the last 6–7 
kya (Plaziat et al. 1995: 21). However, on the basis 
of their model developed exclusively for the 
Red Sea basin, only a minor change in sea level 
occurred during the last 2000 years and scholars, 
including Blue (2006: 43), working at Myos 
Hormos, have accepted this assumption as a basis 
for their research. 

In Wadi Gemal (between Berenike and Marsa 
‘Alam), another reef dated to 5800 ±250 BP occurs 
at 1 m above mean sea level (amsl) (Plaziat et al. 
1998), but due to the suspected minor tectonic 
uplift and with a tidal correction of 0.25 m, 
the upper limit of RSL change lies in a range of 
1.2 ±0.5 m. Around Wadi Lahami (just north of 
Berenike), the compromise medium is 1 m AMSL 
between 6500 and 4500 BP (Plaziat et al. 1995; 
Lambeck et al. 2011: 3550) and the curve does not, 
again, go as far as the late Holocene.

Data for the late Holocene period are scarce, 
particularly because of a lack of high-resolution 
studies focused on this period (e.g., Smeed 2000; 
2004; Edelman-Furstenberg et al. 2001; Edelman-
Furstenberg, Almogi-Labin, and Hemleben 2009; 
Siddall et al. 2002; 2004; Seeberg-Elverfeldt et 
al. 2005; Lamy et al. 2006; Lambeck at al. 2011). 
However, evidence of the late Holocene sea level 
can be observed along the Red Sea coasts, but 
without characteristic remains of mid-Holocene 
high stands, such as wave-cut notches, that occur 
in the central part of the basin (Lambeck et al. 
2011: 3542). Additionally, Lambeck’s prediction 
models (E2 and E7) for the Ras Benas area for 2000 
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Fig. 4-5.  Graphs representing mid to late Holocene sea-level predictions at representative sites for different earth 
models. Take extra note of the different curves in E2 and E7, especially for Ras Benas (Source: Lambeck et 

Fig. 4-6.  The regional geological context of Berenike Trog(l)odytica, showing rock formations and wadis 
 (Drawing A.M. Kotarba-Morley 2013, after Harrell 1996: … )
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years BP show approximately +50 ±20 cm change 
in RSL (Lambeck et al. 2011: 3550, Fig. 6) [Fig. 4-5]. 

It is commonly accepted in the Mediterranean 
to infer RSL changes from the study of 
archaeological remains in ancient harbors. By 
analogy, it is anticipated that the results of such 
work at Berenike, taken together with finding an 
amphorae wharf at Myos Hormos (Blue 2011a), 
will contribute to our understanding of these 
changes and introduce this methodological proxy 
to a new region. It is highly likely that even very 
minor global sea level changes and minor shifts 
in the RSL could have had a severe impact on 
the volume and quality of trade at Berenike, 
by affecting the viability of the harbor and its 
approaches. Therefore, a clear understanding 
of these fluctuations through time is absolutely 
crucial for understanding the mechanisms of 
ancient maritime commerce in the Mediterranean–
Red Sea–Indian Ocean.

4-3   the envIronmental SettIng of berenIke

Berenike’s location is entirely determined by its 
role as a port [Fig. 4-6]. Changes in the landscape 
and climate, however minor, must have played 
a crucial role in the fluctuating fortunes of this 
emporium, located in a marginal and dynamic 
area. Berenike sits atop Quaternary sediments 
only ~9.5 km east of dominantly metamorphic 
mountains, incised by numerous east–west 
running wadis that drain to the Red Sea. Berenike 
lies in the catchment area of three wadis, 
which also serve as major sources of sediment 
transported to the site: Wadi Mandit, Wadi Umm 
Salim al-Mandit and the northern branch of Wadi 
Kalalat to the west with Wadi Abu Greyah (or 
Greiya), connecting from the north-northwest 
[Fig. 4-7]. These wadis have a significant effect 
on the environment of Berenike, serving as the 
main source of material influx to the site and 
forming transport routes connecting the site to the 
hinterland. From the east and south, tidal sabkha 
surrounds the site, and to the east and southeast it 
is adjacent to the lagoon.

4-3.1  loCal seasCape

The local seascape at Berenike comprises a wide 
range of geomorphic features, such as a coastal 
shelf and a coral reef, the lagoon, the southern 
promontory (an uplifted reef outcrop joined to 
the mainland by a tombolo8) [Fig. 4-8], and the Fig. 4-7.  Local geological map of Berenike; the site in 

dark green (Drawing A.M. Kotarba-Morley 
2013, after Harrell 1996: 100)

8 A deposition landform in which a narrow piece of land such as a spit or bar connects an island to the mainland.

southwestern embayment (referred to elsewhere 
as the southwestern harbor) [Fig. 4-9]. The 
average tidal range of the semi-enclosed and 
narrow basin of the Red Sea is low at ~60 cm (Blue 
2006). At Berenike this tidal range is even lower 
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Fig. 4-8.  View of the lagoon, beach, entrance to the lagoon, and the southern promontory at Berenike; looking nor-
theast toward Ras Benas (Berenike Project/photo A.M. Kotarba-Morley 2011).

Fig. 4-9.  A 180-degree panorama collage of the southwestern embayment from the west 
 (Berenike Project/photo A.M. Kotarba-Morley 2012)
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Fig. 4-10.  The beaches of Berenike: left, the ‘northern’ beach at low tide; note a short swash zone, low dunes toward 
the south and immediate commencement of sabkha in the berm zone; right, the southern beach at low tide; 
note the very different landscape and character of the dunes compared to the northern beach (the site of 
Berenike is visible to the far north) (Berenike Project/photos A.M. Kotarba-Morley 2013)
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Fig. 4-11.  Nebkha fields: top, the northern field; bottom, the southern field 
 (Berenike Project/photos A.M. Kotarba-Morley 2011, 2012)

at ~25–50 cm (Harrell 1996), although owing to 
the bathymetry of the shallow bay, the lateral 
movement of the shoreline is often in the range of 
a few kilometers.

4-3.2  shores

The shores northeast and southeast of Berenike 
contain long and narrow beaches, while on the 
western shore of the lagoon, directly east of the 
a major part of the site, the beach is much wider. 
The swash zones (an area covered and exposed by 
the water run-up) on these beaches rarely show 
fossilized marine organisms and consist mainly 
of fine to medium sands, while the beach of the 
lagoon is especially rich in manganese particles 
[Fig. 4-10]. In both the northern and southern areas, 
the narrow beach facies slope slightly towards the 
sea, and at their toe (coastal) end, just below the 
wrack line (the highest reach of the daily tide), 
they turn into a berm that displays a single line of 
low dunes behind which the sabkha starts. 

4-3.3 Coastal plain margins: sabkhas and nebkhas

At the margins of the coastal floodplain the ground 
surface is irregular and soft, consisting of dunes of silt 
and clay parna (aeolian desert sediments) deposits, 
sand sheets, ridges, and vegetation-stabilized 
mounds of aeolian clay and silt particles called 
the nebkhas (El-Bana, Nijs, and Kockelbergh 2002) 
[Fig. 4-11]. The author’s geomorphological survey 
allowed the identification of four major natural 
sedimentation processes affecting the margins of 
Berenike’s coastal plain: 1) intertidal beach and 
shallow marine processes, indicated by narrow 
beach flats and lagoons; 2) alluvial sedimentation at 
the toe of an alluvial fan system; 3) saline evaporite 
precipitation in a sabkha environment (e.g., an 
infilled embayment); 4) aeolian deposition creating 
nebkhas (i.e., coppice dunes); and, 5) anthropogenic 
accretion (e.g., the ancient city mound, deposit over 
the temples in the harbor). The most prominent 
local coastal feature modified by human agency is 
an uplifted reef terrace atop which lies the ancient 
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Fig. 4-12.  Sabkha landscape: top left and right, details of sabkha encountered south of the embayment; bottom, sabkha-
dominated landscape in the southwestern part of the embayment; nebkhas visible further afield (Berenike 
Project/photos A.M. Kotarba-Morley 2012)

city. Originally just 2 m AMSL, the mound was 
formed by accumulated cultural material, and 
stands to 7 m at present. 

Sabkha dominates a large area of the landscape 
in the immediate vicinity of Berenike, encircling it 
from the south, east and north [Fig. 4-12]. Previous 
coring surveys conducted by Harrell in 1995 and 2001 

aimed to establish a clearer understanding of sabkha 
stratigraphy, generally regarded as shallowing-
upward and prograding. In 1995, 62 shallow auger 
holes in nine traverses were drilled in the sabkha 
where it borders the southern and eastern sides of 
the reef outcrop with the main area of the settlement 
and perpendicular to it (Harrell 1996: 112). 
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Fig. 4-13. Panorama of the coastal plain from the top of the foothills; note braided structure of the alluvial fan, the lime-
stone buttes and Ras Benas peninsula in the distance (Berenike Project/photos A.M. Kotarba-Morley 2012)

The sabkha stratigraphy was shown to be 
essentially identical in all of the traverses with the 
upper recorded layers being divided into three 
depositional facies: lagoon fill, erosional lag and 
lagoon bottom (Harrell 1996: 114). According to 
Harrell’s description (1996: 114), wadi and wind 
activity caused the lagoon fill and the progressive 
infilling of the lagoon. 

The ‘Erosional Lag Facies’ (Harrell 1996: 
114, 124) consist of sand similar to the fill of 
the lagoon. Inclusions comprise pottery sherds, 
pebbles (those appear close to the ruins of the town 
possibly as a result of sloping processes), as well 
as shells of pelecypod and gastropod (whole and 
disarticulated). Harrell regards the interpretation 
of this facies as problematic, attributing it to a lag 

Fig. 4-14. Panorama with limestone buttes (Berenike 
Project/photos A.M. Kotarba-Morley 2012)

formed from the reworking of the lagoon bottom 
during high-energy wadi activity. He also points to 
possible minor reworking by waves in the intertidal 
zone. The ‘Lagoon Bottom Facies’ (Harrell 1996: 
124) is compositionally similar to that of the lagoon 
fill and contains large mollusks. The formation of 
this facies results from very early wadi activity, 
comprising sands buried with organic matter and 
poorly oxygenized (anaerobic) sediments at the 
bottom of the lagoon similar to deposits from the 
bottom facies recorded in cores in the northern area.

A line of crescent-shaped reef outcrops and 
reef terraces, potentially of mid-Holocene or 
Pleistocene origin (Harrell 1996: 102–105; 1998: 
125–130), stretches all along this part of the coast 
on the border of the coastal plain and the sabkha. 
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Fig. 4-15.  Directions of material accretion from particular wadis (Source: Modified from Google Earth)
Fig. 4-16.  Braided channels of the Wadi Kalalat alluvial fan just south of the crescent-shaped ridge 
 (Berenike Project/photo A.M. Kotarba-Morley 2011)

161PCMA Excavation Series 4

Contextualising Berenike's harbors within a dynamic landscape CHAPTER 4



Anna M. Kotarba-Morley

Fig. 4-17.  Berenike with the major archaeologically identified city zones (Berenike Project/drawing A.M. Kotarba-Mor-
ley 2013)
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One of these outcrops, hereafter referred to as 
the Crescent-shaped Ridge (CSR), is a prominent 
feature of the Berenike landscape, and has long 
been interpreted as a potential wharf structure 
(Sidebotham 2011a: 60–61), although augering, 
excavation, and geophysical investigation as part 
of the present study has since shown that this is at 
least partly a natural formation.

4-3.4  Coastal plain and alluvial Wadi fans

A low-lying, flat coastal plain stretches between 
Berenike to the east and the foothills of the 
mountains to the west. The main features of 
this plain are the alluvial fans and the limestone 
buttes [Figs 4-13, 4-14]. Isolated buttes, with 
steep, almost vertical slopes and relatively flat 
tops appear around the coastal landscape, at a 
distance between 1 km and 5 km from the site. 

These features would probably have been used 
as building material sources, although the survey 
identified no unambiguous evidence for gypsum/
anhydrite quarrying here (but see also Chapter 
7:**, in this volume).

As mentioned above, alluvial fans are the 
most prominent features on the coastal plain of 
Berenike. Alluvial fans found in desert area systems 
can be subject to periodic flash floods caused by 
thunderstorms and orographic precipitation 
originating in the nearby mountains. Alluvial fans 
aggrade through the rapid deposition of sediments 
as flow speeds markedly reduce following the 
change from a steep gradient to a shallow one (i.e., 
from mountains to plains). They are often located 
on the margins of sedimentary basins where the 
steep mountainous watercourses debouch onto 
the flat coastal plain. 

Fig. 4-18.  Mountain views: left, inside Wadi Kalalat; right, around Wadi Abu Greyah 
 (Photos A.M. Kotarba-Morley 2012
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Wadi fans on the coastal plain adjacent to 
Berenike are funnel-shaped and open out into a 
fan-shaped ‘delta’ at the distal end [Fig. 4-15]. Out 
of the mouths of wadis, the fans take the form of 
multiple braided streams, which are usually active 
during peak flow periods [Fig. 4-16]. Coarse and 
poorly sorted sediments begin to settle out of 
suspension with the decrease in flow competency. 
As the channels flow around these sediment 
aggradations they gradually form a slightly 
hummocky, shallow conical or braided fan shape. 
The sorting of material in particular flood events is 
evenly graded (as seen on the example of Facies F 
described in Chapter 6) although repeated flood 
events make the whole package poorly-sorted.

Flash floods are highly visible in the 
sedimentary record obtained from augering, and 
were probably both a form of boom and bust for 
ancient Berenikeans: on one hand, generating turbid 
water in the harbor that prevented the growth of 
potentially dangerous corals, but on the other hand, 
leading to the silting of the basin (Sidebotham 
2011a: 9). They also had a direct impact on human 
habitation in the coastal plain; the Ptolemaic fort lay 
just west of the CSR and was sheltered from alluvial 
influx by limestone buttes to the west [Fig. 4-17].

4-3.5  Coastal hinterland

The mountain chains west of Berenike, on the 
northern side of Wadi Mandit and set behind the 
igneous foreland on the southern side of Wadi 
Kalalat, comprise mainly Precambrian, low-
grade metamorphic rocks, such as metagranite, 
metagranodiorite and metaquartz diorite (Harrell 
1996: 100–101). Low-grade metamorphic rocks 
such as metadiorite and metagabbro are present 
between those two formations, around Wadi Na’ai 

and to the north from Wadi Lahami, as well as 
around Wadi Kansisrub (Harrell 1996: 100–101) 
[Fig. 4-18]. The nearest recorded water source is a 
system of large wells (hydreumata) protected by forts 
(praesidia) located at intervals some 7.20–8.50 km 
west and west-northwest, and south southwest of 
Berenike. Miocene mountains situated along the 
Ras Benas peninsula, both an ancient landmark 
for mariners, and also a shelter against the strong 
currents, lie north and northeast of Berenike. 

4-4   Summary

Coastal environments, including harbors, are 
sensitive to numerous geomorphological and 
Earth surface processes, including tectonics, 
sea level change, the effects of tides, waves, 
currents, variations in temperature, pressure and 
wind action (Bird 2008). The diversity of natural 
forces shaped and re-configured the ancient 
landscape of Berenike before, during and after its 
occupation throughout the early Ptolemaic and 
Roman periods. A number of primary processes 
is listed and represented schematically in order to 
understand better the major forces and influences 
that shaped the site [Table 4-1 and Fig 4-17].

Ascertaining how past coastlines were shaped, 
and whether this was by horizontal (erosion 
or deposition) or vertical (uplift or subsidence) 
movements, or via anthropogenic processes, is 
extremely important for our understanding of 
archaeological visibility and the issue of the presence 
or absence of a port in any given location. Based on 
an understanding of the processes that determined 
these changes in Berenike’s landscape the author 
presents a reconstruction of the landscape and the 
conditions encountered by the inhabitants of the site 
as elucidated using geoarchaeological techniques.

Influence Description

Fluvial Sediment originating from the mountains, transported by wadis during 
heavy rains and flash floods (seyul)

Marine Sediments delivered by forces such as tides and currents; includes storms 
and stronger winds that also intensify aeolian action

Windblown (aeolian) Silt and sand deposited as dunes and sand sheets

Colluvium Processes acting under the influence of gravity, such as slope wash (e.g., on 
the slopes of the ancient mound)

Erosional Weathering, wind, evaporation (e.g., walls of temples and buildings)

Evaporitic/precipitation 
Precipitation of salt and gypsum/anhydrite in large evaporitic semi-
enclosed basins (e.g., approximately 10 cm below the surface in most 
trenches) or crustation (e.g., around the harbor temples)

Anthropogenic Archaeological deposits and human modification of the natural landscape, 
such as dredging, landscape re-configuration, etc.

Table 4-1. Processes at play in Berenike
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