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Introduction
The ancient Sudanese settlement site of es-Selim R4 (ESR4) (Figure 1) is located in the Northern Dongola Reach, 
in which the wide floodplain was braided with Nile palaeochannels, supporting a dense network of Kerma Period 
settlements (Welsby 2001). The overall development of Nubian settlements during the Kerma Period is currently 
known through limited archaeological examples, concentrated in political centres in the Dongola region. The longest 
sequence of Kerma settlement development is at the city of Kerma, which captures the complexity of a religious 
and political capital along with residential sectors (Bonnet 2006, 2014, 2019). The ESR4 residents would have existed 
within a network of provincial population centres that were tied to the religio-political capital at Kerma. This Kerma 
settlement site presents the opportunity to investigate how factors of environmental, social, and political change 
intersect to affect one of the provincial population centres over the course of 1000 years.

Our initial findings presented here are based on a preliminary site survey in March 2019 and the first survey 
season held in January 2020. ESR4 was first documented by the Sudan Archaeological Research Society during the 

Figure 1. The ancient Sudanese settlement site of es-Selim R4 (ESR4).
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Northern Dongola Reach Survey (Welsby 2001, 145). Our first site visit in 2019 confirmed evidence of occupation 
from at least the Kerma Ancien (2500-2050 BC), into the Kerma Moyen (2000-1750 BC), and through the Kerma Classique 
(1750-1500 BC). Occupation may have continued into the period of New Kingdom Egyptian colonisation (1500-1290 
BC) or beyond. The goals of the 2020 field season focused on evaluating the preliminary interpretation of historic 
remote sensing imagery, deliminating features within the concession, collecting representative surface finds, and 
establishing relationships with members of the local community. 

Historic Remote Sensing Data Interpretation and In-Field Investigation
Prior to fieldwork, we consulted the Google Earth Professional platform, the Copernicus Open Access Hub, and the 
United States Geological Survey (USGS) EarthExplorer archives for historical remote sensing imagery (Figure 2).123 
Together with archaeological and paleoenvironmental information from prior work in the region (Welsby 2001; 
Welsby et al. 2002; Macklin et al. 2013; Woodward et al. 2015) the resulting data provided an overview of land use 
change in the region dating back c. 50 years as well as indications of current and historic environmental features 
and conditions. Within the concession, historic imagery was used to reconstruct feature boundaries, and to relocate 
features not visible during the 2020 field season. The visible extents of presumed settlement mound features were 
digitised from CORONA satellite imagery acquired from the USGS and their boundaries were checked in the field. 
In the case of the westernmost settlement component, it was observed that the boundary of the settlement may 

1 https://www.google.com/earth/ (25 May 2020).
2 https://scihub.copernicus.eu/ (25 May 2020).
3 https://earthexplorer.usgs.gov/ (25 May 2020).

Figure 2. Satellite imagery from 1968 (Left) and 2018 (Right) showing the ESR4 concession and vicinity. Outlined high-contrast 

features correspond to main site components identified at ESR4 (image source: (L) USGS (R) © Google Earth, 2018).
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have extended approximately 160m northwest of its current visible location, extending into a modern field system. 
Artefacts from periods contemporary to those recorded at the settlement component appear to corroborate the 
interpretation that the boundary of the settlement extends significantly to the northwest. However, it is difficult 
to estimate the degree to which they may have been transported during creation of the modern field system. Large 
linear features (C1004, detailed below) visible in the central part of the concession during a visit in 2019 had been 
covered by wind-blown sand, however their extents were able to be partially relocated using recent high resolution 
satellite imagery.

Outside of the area, a correlation was observed between high contrast features in the historic remote sensing 
imagery and corresponding locations visited in the field. Using archaeological data from prior work in the 1990s 
for morphological information about site locations, extents, and composition, several features turned out to be of 
historic and/or prehistoric origin. This includes a mound feature c. 600m southeast of the concession along the eastern 
bank of the Alfreda Nile palaeochannel with visible surface extents of c. 75m north/south and 65m east/west. Bone, 
ceramic and groundstone fragments were observed on the mound surface, some exhibiting little signs of weathering 
and in the vicinity of recent disturbance. Diagnostic ceramic material present on the surface was provisionally dated 
to the Kerma Moyen/Classique Periods.

Land use along both sides of the modern Nile channel has intensified since the 1960s, when the CORONA imagery 
captured the beginnings of what appears to be large-scale modification of the es-Selim basin. A steady increase in 
modern field system development along the Alfreda and Hawawiya palaeochannels appears to accelerate from the 
mid-1980s, with the excavation of a large canal system to the south of the concession bringing water for large scale 
industrial agricultural development starting in the early 2000s. The increase in scale and intensity of agricultural 
production at this time represents a significant change to the land surface in the area of the former Nile channels. 
The impacts of these changes were observed when visiting other previously identified archaeological sites outside 
of the concession, where modern agricultural encroachment has either partially or fully impacted visible remains of 
archaeological resources.

GNSS Survey and Aerial Photography Methodology and Results
All survey location recording was done using a handheld GNSS receiver (Leica Zeno 20). The horizontal and vertical 
accuracy was stored for each shapefile and averaged 70cm horizontal and 1m vertical accuracy. For each of the major 
site components mapped, the outline of the area and at least two intersecting transects were recorded. Components 
were then outlined by walking the defined perimeter with a GNSS sensor set to automatically record waypoints at 
0.5m intervals. 

Aerial photography was carried out with the goal of creating orthophotos, photogrammetric 3D models, and DEMs 
(Digital Elevation Models). A modified carbon-fibre extendable fishing pole with attached Ricoh GR 2 camera was 
used for detail imaging of component C1006. A DJI Phantom 4 Pro drone was used to collect imagery to generate a 
high resolution orthomosaic and 3D model of the concession. We used the automated flight management application 
DroneDeploy4 to ensure rapid, consistent, and seamless coverage of the project area. Ground control points made 
from 30cm wide plastic circles with Quick Response (QR) codes adhered to them for automated identification were 
distributed around the concession area. Processing of all aerial imagery was carried out using Agisoft Metashape,5 
yielding an orthomosaic and corresponding DEM at a ground resolution of 0.1m. The resulting orthoimage was 
enhanced using a local contrast enhancement algorithm (CLAHE) (Zuiderveld 1994) to improve visibility of features 
(Figure 3). 

In-Field Survey: Site Component Descriptions
Six main site components were identified (Figure 4): three occupation areas on the higher adjacent geziras and three 
architectural features lower in the dry palaeochannel that runs along a southeast to northwest axis. Each area was 
assigned a C (component) number beginning with 1001. 

Site Component C1001 (Mound A) (Figures 4 and 5) is the smallest settlement mound located in the eastern corner 

4 https://www.dronedeploy.com/ (24 May 2020).
5 https://www.agisoft.com/ (24 May 2020).
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of the concession. It is distinguished by 
a concentration of pebbles, dark rocks, 
pottery sherds, and a few areas of decayed 
animal bone. The dark rocks may be 
evidence of underlying stone architecture 
(Welsby 2001, 145), but they are no longer in 
situ to determine wall layouts from surface 
survey.

Site Component C1002 (Mound B) (Figures 
4 and 6) is a double-peaked settlement 
mound located c. 200m northwest of C1001. 
This mound is more prominently visible 
on the landscape as it is closely bounded 
by the sandy palaeochannels to the south 
and north. Similar to Mound A, the surface 
has a concentration of pebbles, dark rocks, 
pottery sherds, and decayed animal bone. 
The top of Mound B offers the best view of 
the surrounding area, particularly of any 

movement coming along the palaeochannels. In terms of preservation, Mound B sustained prior superficial damage 
from a motorised scoop, possibly related to the construction of a track along the northwest edge of the concession, 
and subsequent field development could expand to this area and impact the stability of the site.

Site Component C1003 (Settlement Area C) (Figures 4 and 7) is a long, oblong area with evidence of settlement 
and production zones. This component is notable due to its large size and amount of surface material visible. The 
highest point of C1003 is almost directly to the southwest of C1002 and also provides a vantage point for observing 
all activities in the area. The perimeter outline presented here may slightly overestimate the confines of the ancient 
settlement, especially in the northeast corner due to newly planted watermelon fields hindering survey.

The north-eastern end of this settlement area appears to have extended into what is now an active field system. The 
middle section of the urban area also has 
significant surface damage from the start of 
field clearing as evidenced by hundreds of 
small mounds. Despite these disturbances, 
the underlying occupation layers are 
probably still intact in both of these areas. 
The southern end of the settlement area was 
not disturbed and the presence of pebbles, 
black rocks, and occasional pot sherds 
suggests that the occupation is preserved 
here at deeper levels. An area of note in the 
urban sector is locus C1003-L1004. This area 
has a high concentration of surface sherds, 
a triangle of mudbrick walls, and another 
section of mudbrick that is reddened from 
burning activity. Some of the sherds are 
also scorched, possibly suggesting that 
this was a pottery production zone. The 
prevailing winds blow to the southwest in 
this area, which would have redirected all 

Figure 3. Contrast enhanced orthoimage mosaic created from drone imagery 

collected during the 2020 field season.

m

Figure 4. Topographic map of principal site component locations and modern 

activities at ESR4. Contour interval: 0.5m.
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of the smoke away from the settlement.
Site component C1004 (Figures 4 and 8) consists of two parallel mud lines, perhaps walls, in the palaeochannel 

between C1002 and C1003. The mud line features are designated as locus C1004-L1001. Both linear features run 
parallel to the course of the palaeochannel, from northwest to southeast. The larger feature is 3m in thickness, while 
the thinner feature is c. 0.75m, with a distance of 4.8m between them. Both mud features have consistent widths 
and distinctly vertical side surfaces, but no outlines of bricks or mortar are observable. A 2m wide section of both 
the thick and thin features was brushed to remove the windblown sand. Some reddening of the mud was visible on 
the southwest face of the thicker feature. More pronounced reddening and a hardened sloped surface with a round 
footprint was found on the thinner feature. These are either mudbrick walls or are carved out from the natural 
palaeochannel Nile mud embankment. The regularity of the linear features and the evidence of burning activities 
makes it certain that they are human-made or -modified.

Site component C1005 (Figure 4) is an area with possible mud or mudbrick features that is now overlaid with 
windblown sand, cow dung, and goat pellets. Preliminary brushing did not produce any identifiable mudbrick 
features. The overburden in the area made it difficult to investigate further during this short survey season. Two 
fragments of a groundstone and a grinder were recovered from this area.

Site component C1006 (Figures 4 and 9) is a symmetrical mudbrick feature made up of four rounded rectangles. 
A gap of approximately 200-300mm separates each half of the feature, which is made of two rounded rectangles in 
a T-shape. The walls are a single brick thick and curved handmade bricks are used for the corners. The largest brick 
dimensions are 320mm long, 120mm wide, and 120mm high, which is notably similar to some brick dimensions at 
Doukki Gel (Bonnet 2019, fig 60). Preliminary brushing uncovered a high concentration of goat pellets around and 
within the wall features. The north-eastern central cell was full of windblown sand and this was removed by brushing 
and a shovel to a depth of 100mm. This uncovered a small patch of hardened mud that may extend to the full size 
of the cell at a lower depth. Large black rock blocks are located within the cells and along the northwest edge of the 
feature. No pottery was recovered. This feature warrants further investigation to determine if it was constructed 
during ancient occupation, and therefore could be a type of architecture related to the rounded style found at Doukki 
Gel (Bonnet 2019, figs 35 and 60), or if it is from historical site uses. If this area is more recent in date, it can provide 
an interesting point of connection for modern area residents and local oral history.

In-Field Survey: Surface collection
Surface collection was carried out in order to recover diagnostic material from each of the main site components 
(Figure 10). For C1001 (Mound A) and C1002 (Mound B) their smaller sizes allowed for more comprehensive surface 
collections. For C1003 (Settlement area) we were highly selective in collection due to its large size and our small 
team for this initial season. Site component areas C1004, C1005, and C1006 had little to no visible surface finds due 
to the thick sand overburden. This initial surface collection focused on diagnostic sherds with the goal of initial 
characterisation of site chronology, and find locations were recorded with the GNSS receiver for incorporation into 

Figure 5. Site Component C1001 (Mound A). Figure 6. Site Component C1002 (Mound B).
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future large scale survey analysis. Overall, the ceramic material was consistent with the generally Kerma Moyen to 
Kerma Classique pottery types first identified by Welsby’s team (2001, 145) and by the current mission in 2019 (Figure 
11). Preliminary analysis shows that area C1003 has the highest observable concentration of Kerma Classique beakers, 
especially in the northern section that is now under a new field.

Community outreach
The final goal of the ESR4 2020 season included community outreach and establishing collaboration through 
community-based participatory research. As archaeologists working in the modern community of es-Selim, we seek 
to situate ourselves to promote ‘entangled’ collaboration through the model of community-based participatory 
research (Atalay 2012; Fushiya and Radziwiłko 2019; Minor et al. 2021). We recognise that our team’s ideas of heritage 
and the values placed on the material remains of past actions may not always coincide with those of people living in 
the landscape today (Kleinitz and Merlo 2014), and that community engagement may help to align diverse interests. 

Figure 7. Site Component C1003 (Settlement Area C). 

Figure 9. Site Component C1006, rounded mudbrick feature.

Figure 8. Site Component C1004, parallel mud features.
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While undertaking the research goals outlined above, this project seeks to build formal and informal community 
relationships that will inform the research agenda undertaken in subsequent seasons.

Our initial community outreach was designed to set a foundation for positive collaboration for the duration of the 
project. We found that community members were readily willing to participate in meetings, and the fact that many 
were familiar with Welsby’s work at Kawa helped facilitate relationship building. Community meetings involved 
introducing ourselves, the specialised equipment we used, and opening a conversation about the project research 
goals.

In order to address community priorities in our future research, we asked a set of questions to get input on the 
project’s research programme. When asked which of our research themes they were the most interested in learning 
about first, community members responded that their priority is to know more about the ancient climate and 
environment, especially how it relates to their region today. When asked how they would like to receive updates 
about our research results, women said they preferred a projected video to be watched as a group, and men wanted 
pamphlets because they can be shared with others in the area even when the team is not there. We all agreed that 
perhaps yearly updates as pamphlets, and then a video after a few years is the best compromise. When asked what 
they would like international audiences to know about Sudan and their community, the men said ‘What you see 
with your own eyes’, and the women said ‘Our way of dressing (tob)’. We ended the meeting with an invitation to 
bring any concerns or questions to us as the project progresses. During the course of the survey season, we spoke 
with other landowners and farmers in the area and held similar informal conversations. We hope that this model 
of community engagement has set a strong foundation to both stop agricultural encroachment and to build into a 
deeper collaboration for our research.

m

Figure 10. Location of surface finds collected during survey.
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Discussion
Historic Remote Sensing Data Interpretation
Preliminary results from our fieldwork support 
our initial estimations of the added value of 
incorporating historic and modern remote 
sensing data analysis into our research design 
to understand the direct and indirect human 
and environmental impacts on preservation 
and visibility of archaeological features at local 
(i.e. ESR4) to regional scales. The extensive 
information already provided by previous survey 
and paleoenvironmental reconstruction work 
in the region (Welsby 2001; Welsby et al. 2002; 
Macklin et al. 2013; Woodward et al. 2015; Herbich 

2019), will also help to calibrate interpretations of remote sensing data.
Significant agricultural development around Dongola/es-Selim between 1968 and the late 1990s, when Welsby 

(2001) and his team were in the field, and in the subsequent 20+ years has greatly affected archaeological resources in 
some areas. We are faced with the challenge of recovering as much information as possible about prior activity in the 
area while respecting current occupants’ needs. Incorporating a suite of minimally invasive approaches that include 
historical imagery will also be helpful in this regard. Site and landscape components can be reconstructed through 
interpretation and 3D modelling, providing us with the ability to acquire further metric information about prior 
visible extents of archaeological resources and quantify recent changes to the landscape (Sevara et al. 2018; Orengo 
et al. 2015; Sevara 2013). If substructure material still exists, it may be detectable through geophysical prospection, 
coring, and targeted sampling. Identifying these in a minimally invasive way will help us to develop strategies that 
can allow for the investigation of any remaining features with minimal impact on current agricultural practice.

Environmental Conditions
Identified as an area of primary interest to the neighbouring community, initial results confirm that targeted 
excavation at ESR4 will yield significant data about subsistence strategies in the face of changing environmental 
conditions. In the 1000 years under investigation, the climate of the Sahel changed from semi-arid to hyper-arid 
conditions (deMenocal and Tierney 2012). Human subsistence strategies adapted in response, and in ways that 
intersected with social and political contexts. In particular, the zooarchaeological and palaeobotanical data set 
within the settlement occupation sequence will provide key evidence for these social changes (Thompson et al. 2008; 
Monroe 2020; Shahat forthcoming). The Northern Dongola Reach Survey found a concentration of Kerma Ancien to 
Classique sites in the region, demonstrating that environmental change made the area inhospitable for prolonged 
human occupation after c. 1550 BC (Welsby 2001; Macklin and Woodward 2001; Honegger and Williams 2015; Macklin 
and Lewin 2015). Sites closer to the Nile, such as Amara West, underwent a long-term process of adjustment before 
abandonment due to climate change (Woodward et al. 2017; Spencer et al. 2012). The community at ESR4 could have 
faced similar slow-acting environmental changes, as the water table in the Nubian Sandstone Aquifer experienced 
a delayed drop to an equilibrium level following the cessation of the humid period (Voss and Soliman 2014), and 
residents would have sought resilient subsistence strategies, as seen in later Nubian periods as well (Herrick 2018).

Kerma regional relationships
The Kerma settlement at es-Selim R4 has the potential to supply new evidence that addresses provincial and 
interregional relationships. The connections between provincial Kerma communities with the political/religious 
centre of Kerma is primarily, and only partially, understood through a comparison of regional Kerman mortuary 
practices (Akasha (von Känel 1980), Sai Island (Gratien 1986), Mirgissa (Vila 1970), and Ukma West (Vila 1987)). 

Figure 11. Selection of Kerma Classique pottery from C1003.
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Detailed cultural sequences for Kerma settlement sites are less represented, and include Sai Island (Gratien and 
Olive 1981; Hesse 1981; Hildebrand and Schilling 2016; D’Ercole et al. 2017) and Gism el-Arba (Gratien 1999; 2003; 
Chaix 2007). Understanding interregional connections through a provincial lens also holds great potential to answer 
questions about the nature of the political relationship between the Kerma Kingdom and polities to the North 
(Egyptians and Hyksos) and South (Sub-Saharan Africa). Nubian states, especially Kerma, are not often considered 
as active participants in Bronze Age ‘world systems,’ despite archaeological evidence demonstrating deep political 
and economic connections (Smith 2003a; Hafsaas-Tsakos 2009; Minor 2012, 199). The site also holds potential for a 
regional perspective on the nature of socio-economic interactions between Kermans and Egyptians at the end of the 
Kerma Classique Period and start of New Kingdom Egyptian occupation. Located in the region beyond the Egyptian 
temple-town colonial system and the fluid cultural entanglements of Tombos (Smith 2003a, 2003b; Buzon et al. 2016), 
ESR4 has the potential to add to the evidence of complexities of colonial experiences.

Community Engagement
Our initial community engagement has provided insight into how people living in the area relate to past remains of 
human activity in the landscape and what they would like to better understand about past human occupation and 
environmental conditions. This was evident when people described their encounters with archaeological resources 
in the area: using their own toponyms that incorporate their perspectives and interpretations of past land use or 
naming things in relationship to family or agricultural practice. Continuing to understand and incorporate these 
perspectives into our research is a key goal as the project progresses.

m

Figure 12. Visible impacts of recent agricultural activities on site components of ESR4. New field construction (outlined in red) 
near C1003 has the potential to significantly impact the settlement area in the near term. 
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Conclusions and Future Work
Recent acceleration of agricultural practice has had a direct impact on surface conditions at ESR4; while mounds to 
the east of the palaeochannel are so far largely untouched by agricultural development, the westernmost settlement 
area has seen significant encroachment. Therefore, the most critical site conservation issue is the building of new 
fields along the northern edge of the site. Fields are now within a few metres of what appears to be the central 
portion of the settlement area and have subsumed portions of possible activity zones on outlying edges (Figure 12). 
Discussion with local landowners and land users has resulted in a verbal agreement to temporarily halt agricultural 
activity in the area so that we may focus on investigation of this portion of the site in the next field season (Figure 
12). Ultimately, we aim to build a more coherent picture of past rural development at ESR4 and the wider Northern 
Dongola Reach, and to work with present stakeholders at all levels in order to develop awareness of archaeological 
resources and plan for future sustainable development in the region.
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