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Abstract: This paper presents case studies from our 
recent investigation of landscape properties in the 
MUAFS concession area in northern Sudan and 
associated material remains, including materials 
from Sai Island, the main urban site of this region in 
Upper Nubia. It tackles various geoarchaeological 
methods and geological techniques, including rock 
sampling and petrographic analysis of sandstones, 
highlighting the potential of these methodologies to 
reconstruct past landscapes and patterns of mobili-
ty. The material culture, especially ceramics, is an-
alysed from a multi-perspective approach that in-
corporates a range of different scientific methods: 
the project integrates compositional bulk analysis 
(INAA) with mineralogical (XRD) and petrograph-
ic data via optical microscopy (OM) to examine 
the physical properties, provenance and technol-
ogy of production of the ceramic samples as well 
as Raman spectroscopy to determine the range of 
temperatures reached by the ceramics during fir-
ing. Overall, this paper highlights how advances 
in landscape archaeology and the archaeometry of 
material culture are expanding our understanding 
of the significant ecological and social transforma-
tions in the Bronze Age Middle Nile. We argue that 
this combined analytical approach, applied to the 
case study of the Attab to Ferka region, can be suc-
cessfully extended to other regions worldwide.

Keywords: Sudan; Bronze Age; landscape archaeol-
ogy; geoarchaeology; resources; raw materials; en-
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1. Introduction

The Munich University Attab to Ferka Survey Pro-
ject (MUAFS) began its work in northern Sudan in 
2018.1 The MUAFS research concession (see Fig. 
1) is adjacent to a cataract region and the rocky 
area of the Batn el-Haggar and is thus both a ge-
ological and a cultural border zone, located in the 
hinterland of two urban centres of the New King-
dom (1550–1070 BCE), Amara West2 and Sai Is-
land.3 Over the centuries, the area was a contact 
zone between different cultural groups from the 
northernmost (e.g., for the Kerma Empire, 2500–
1500 BCE)4 and the southernmost sphere of in-
fluence (e.g., for the Egyptians in the early New 
Kingdom).5

The Sudanese Antiquities Authority carried out 
an initial survey of the MUAFS concession in the 
1970s in collaboration with the French archaeolog-
ical department under the direction of André Vila.6 
They documented numerous sites from the Paleo-
lithic to the Post-Medieval period, including set-
tlements and burial sites as well as rock carvings, 
fortresses and churches.

In 2020, the ERC project DiverseNile was 
launched in the MUAFS concession between Attab 
and Ferka in the Middle Nile. By combining the con-
tact space and landscape biography models, the pro-
ject introduces a novel approach focusing on ‘contact 
space biographies’ to investigate human-landscape 
encounters in a peripheral borderscape, shaped by hu-
mans, human activities, technologies, materialities  
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Fig. 1  Location of MUAFS concession in Sudan. Map: Cajetan Geiger ©DiverseNile project.
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and animals.7 The primary aim of DiverseNile is 
to reconstruct landscape biographies of the Middle 
Nile beyond established but outdated and rigid cul-
tural categories (such as Egyptian vs. Nubian but 
also the concept of ‘Egyptianisation’ describing the 
cultural situation in New Kingdom Nubia, taking a 
one-dimensional view of culture) and thus provide 
new insights into the ancient dynamics of social 
spaces.8

Using multidisciplinary methods in on-site ar-
chaeological fieldwork, the project investigates 
activities, their actors and cultural encounters in 
“contact spaces”9 at settlement and burial sites in 
the Attab to Ferka region. This includes the study of 
architecture, technology and material culture using 
a variety of techniques, including excavation, sur-
vey, photography and drone photography, mapping, 
a range of scientific analyses on ceramic samples, 
animal remains, botanical samples, human remains 
and geological material such as sandstone.

Moreover, the project addresses cultural diversi-
ty across a range of topics (e.g., intersocial aspects 
[gender, age, ethnicity, origin, social complexity 
and settlement patterns, etc.], subsistence strategies 
such as cooking practice/nutrition, religious prac-
tices, health, technologies and technology transfer, 
trade and contacts). This approach enables us to 
consider concepts beyond identity, including ex-
ternal factors, such as the geographic location and 
organisational dimensions (wherever possible), to 
evaluate the specific living conditions in the Attab 
to Ferka region during the Bronze Age, with a spe-
cial focus on the Late Bronze Age, in direct com-
parison to local urban centres, such as Amara West 
and Sai Island.

This paper looks at the archaeometry of material 
culture analysed as part of the DiverseNile project 
and shows how this enhances our understanding of 
the significant environmental and social changes in 
the Middle Nile during the Bronze Age, in particu-
lar the period around 1500 BCE (New Kingdom 
colonial period of the 18th Dynasty).10

2. Materials and Methods

Our new study of landscape features and associated 
material remains in the Attab to Ferka region is con-
ducted using a range of geoarchaeological methods, 
such as surveying, mapping and soil sampling, to 
determine the reasons for the distribution of sites 
within this contact space (Fig. 2). Geological appli-
cations such as rock sampling complement geomor-
phological studies of the ancient course of the Nile11 
and isotopic analyses of soil, water, human, animal 
and plant remains to reconstruct the past landscape 
and mobility patterns. We introduce state-of-the-art 
strontium isotope analysis using multi-collector in-
ductively coupled plasma mass spectrometry (MC 
ICP-MS) and thermal ionization mass spectrome-
try (TIMS) as well as lead isotope analysis of soil, 
mudbricks and ceramic sherds as a new tool12 to in-
vestigate cultural interactions. As outlined in Figure 
2, due to the COVID-19 pandemic and now the war 
in Sudan, several analyses are still pending while 
others were originally not planned but conducted 
within a revised research strategy.

Besides novel archaeological fieldwork includ-
ing 3D documentation during excavations and Ge-
ographic Information Systems (GIS) applications, 
we conduct various aspects of archaeometry, as the 
reconstruction of both the production activities and 
the taskscape13 in our study area is essential with-
in the concept of contact space biography. Material 
culture is analysed from multiple angles, including 
scientific investigations with a focus on provenance 
studies and soil as an integral part of material cul-
ture (Fig. 2). Specifically, the concept of soilscapes 
contributes to the understanding of taskscapes, as 
important information about how people organised 
their lives spatially and where activities took place 
becomes tangible and this in turn provides insights 
into social organization.14

7 After Kolen and Renes 2015; see Budka 2019; Budka et 
al. 2025.

8 For similar approaches to the cultural diversity in Nubia see 
most recently de Souza 2024; de Souza and Schröder 
2025.

9 After Stockhammer and Athanassov 2018; see Budka et 
al. 2025.

10 Bronze Age for Sudan is a disputed term, see most recently 
de Souza 2023; Jesse 2025. We use it, however, to correlate 

 the periods of the Middle and Late Bronze Age with the ones 
in Egypt and are aware of regional differences (for details see 
Budka and Lemos 2024, 10–11, fig. 1).

11 See Woodward et al. 2015, 2017.
12 Zimmermann et al. 2019; Retzmann et al. 2019.
13 After Ingold 1993; see also Budka 2024a.
14 Salisbury 2016, 17.
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Fig. 2  Project workflow and key assessments. This figure presents the timeline of the DiverseNile project (2020–2026) within the 
MUAFS project (ongoing since 2018), outlining key actions, methods and outcomes. The project progressed through phases 

of excavation, material analysis and the contextualisation of archaeological landscapes. Future work will focus on insights into 
contact space biographies. Abbreviations: DEM: digital elevation model, INAA: instrumental neutron activation analysis,  

XRD: X-ray diffraction, GPS: global positioning system, DLR: Deutsches Zentrum für Luft- und Raumfahrt; SAR: synthetic 
aperture radar, ORA: organic residue analysis.
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2.1 Survey and remote sensing
The MUAFS concession area between Attab and 
Ferka was successfully surveyed between 2018 and 
2023. The MUAFS project began with a survey on 
foot and by car, which was supplemented by drone 
recordings with a DJI Phantom 4 Pro. The initial 
orthophotos were calculated from the drone im-
agery using Agisoft Photoscan Pro and since 2023 
Drone2Map (Esri).15

Most of our drone survey was conducted in the 
districts of Attab and Ginis, with the aim of covering 
the entire area (Fig. 3). The focus was on document-
ing paleochannels in Attab West extending west-
wards from the Nile into the present-day desert to un-
derstand terrain patterns and changes over time. The 
drone survey included detailed, low-flying (30 m)  
mapping of two sites we excavated in 2023, Attab 
West 001 (AtW 001) and Attab West 002 (AtW 002).

 

In the 2023 season, we also started to systematical-
ly document and precisely map dry-stone features 
in the landscape. Focusing on the districts of Attab 
West and Ginis West, we mapped approximately 300 
dry-stone features.16 A total of 5 to 30 GPS points 
(depending on size) were recorded for each feature 
using a Trimble Catalyst Receiver. Special attention 
was given to capture the highest and lowest points 
of each feature, as well as the overall extent. In the 
district of Attab West, 114 dry-stone features were 
mapped, consisting mainly of walls and circular or 
semi-circular clusters of stones located near walls. 
These dry-stone walls probably date to the Kerma 
period. Our mapping dovetails with earlier work by 
Neal Spencer and his team in the Amara West dis-
trict,17 which in turn builds on Vila’s studies.18 Our 
aim here is to consider the sites in relation to natural 
markers in the landscape, such as the main paleo-
channel in the region and the gold mine sites.

15 See Geiger 2019; Budka et al. 2023, 30.
16 Budka et al. 2023, 2025.

17 Dalton et al. 2023.
18 Vila 1976b, 1977b.

Fig. 3  Drone Aerial Photography (DAP) survey coverage in the MUAFS concession. Map: Kate Rose ©DiverseNile project.
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As fieldwork was delayed in 2020 due to the 
COVID-19 pandemic and is on hiatus since 2023 
due to the war in Sudan,19 DiverseNile has turned to 
more extensive remote sensing of the area. Thanks 
to a cooperation with the German Aerospace Center 
(DLR), we were able to conceptualise fieldwork 
ahead of going to Sudan, as well as carry out in-
itial geological modelling based on satellite data. 
We also evaluated SAR (Synthetic Aperture Radar) 
data, which is already used extensively for archae-
ological prospection in other parts of the world.20 
The high-resolution SAR images available from 
the German TerraSAR-X satellite originate from a 
penetration depth of approximately 30cm. As some 
of the archaeological remains in the region are only 
slightly covered by sand and visible on the sur-
face, we expect excellent results in mapping sites 
remotely. Especially in combination with available 
DEM (Digital Elevation Model) data from the Tan-
DEM-X satellite,21 as well as our own drone pho-
tography.
This new type of remote sensing will expand our 
current knowledge of the ancient river and island 
systems in the Attab to Ferka region,22 as well as 
many other factors that are critical for assessing hu-
man-environment interactions.

2.2 Archaeometric analyses of ceramic samples
The largest group of material subjected to archae-
ometric analysis is pottery. Our dataset comprises 
over 600 ceramic samples collected over the last 
decade from several sites within the MUAFS con-
cession area, as well as from the temple town on 
Sai Island (ERC AcrossBorders project). Addition-
al ceramics were obtained from the sites of Dukki 
Gel (Kerma) and Amara West in Upper Nubia. Our 
sample-set also includes natural soils, unfired sam-
ples, oven fragments and experimental ceramics to 
serve as benchmark data and reference materials for 
decoding the source of archaeological pottery.23

Within the MUAFS concession area, ceramic 
samples come from both settlements (AtW 001, 
AtW 002 and Ginis East 001) and cemeteries (Gi-
nis East 003 and Kosha East, 3-P-7) and cover a 

considerable timespan within the Bronze Age, 
from the Middle Kerma (c. 2050–1750 BCE) and 
Classic Kerma (c. 1750–1500 BCE) up to the New 
Kingdom period (c. 1550–1069 BCE) (and maybe 
even into the Iron Age, the Napatan era, c. 750–300 
BCE). As such, the ceramic samples are crucial to 
the diachronic study of the area.

The study of these samples is extremely prom-
ising in terms of our broader objectives of under-
standing cultural diversity and investigating interre-
gional and local social relations between Egyptian 
and Nubian entities. The ceramic assemblage in-
cludes a large repertoire of forms and stylistic types 
(dishes, bowls, beakers, cooking vessels, jars and 
other forms with various surface treatments, for de-
tails see Table 1) that can be attributed to the local 
Nubian cultural sphere (i.e., Kerma wares), the Nu-
bian desert sphere (i.e., Pan-Grave wares) and the 
Egyptian sphere (i.e., various Egyptian wares, both 
imported and locally made). Within the dataset, our 
main objective was to examine subtle variations 
in the chemical and mineralogical composition of 
Nile clay ceramics in order to determine their prov-
enance and production technology.

The geochemical homogeneity of Nile clays 
across the Nile has been established by various 
researchers.24 Furthermore, the archaeological ev-
idence indicates that local wares of both the Egyp-
tian- and Nubian-style were commonly manufac-
tured from similar raw materials. Accordingly, our 
interpretation focused on clay preparation and man-
ufacturing, rather than solely on clay sourcing.25

Macroscopic observations of pottery — which 
included the macro fabrics and manufacturing tech-
niques by means of traces such as grooves from the 
wheel — were combined with multiple analytical 
approaches — namely instrumental neutron acti-
vation analysis (INAA), powder X-ray diffraction 
(XRD), optical microscopy (OM) and Raman spec-
troscopy (see Table 2) — in order to obtain a vast 
set of information about the concrete properties, 
elemental composition and production techniques 
of the ceramic vessels. Overall, our main archaeo-
logical objectives were the following:

19 Thanks to the support of the National Corporation for Antiqui-
ties and Museums in Sudan, a short season was possible in the 
MUAFS concession in February and March 2025. However, 

 the results of this risk assessment season are not included 
below but will be published elsewhere (see Budka 2025a).

20 Linck 2013.
21 Cf. Eger and Karberg 2020.

22 For Attab and partly Ginis see Woodward et al. 2015, 2017; 
Dalton et al. 2023.

23 D’Ercole et al. 2017; D’Ercole and Sterba 2018; D’Er-
cole 2024; Sterba and D’Ercole forthcoming. 

24 Carrano et al. 2008, 2009; D’Ercole and Sterba 2018.
25 See also D’Ercole 2024.
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• Analyses and differentiations of clay raw ma-
terials and ceramic technologies across various 
sites and time periods within the MUAFS con-
cession area;

• Investigation of the technological characteristics 
of local pottery production which follows both 
Nubian and Egyptian traditions, while noting 
similarities between hand-made (Nubian tradi-
tion) and wheel-thrown techniques (Egyptian 
tradition) as well as comparing these character-
istics to non-local productions such as the Pan-
Grave tradition;

• Identification and documentation of the reci-
pes used in the production of different ceramic 
wares and types;

• Examination of the type of temper added to the 
clay to achieve specific performance;

• Gaining insights into the firing processes used 
for different ceramic wares, focusing on firing 
atmospheres and temperature variations.

Organic residues analyses (ORA) for the Bronze 
Age Middle Nile are an urgent desideratum as there 
is only one published case study from Askut.26 
While the results of the analysis of organic remains 
in cooking pots from Amara West were very lim-
ited,27 a proof of concept of ORA for six cooking 
pots from Sai (unpublished) and the analysis of six 
samples from Attab West in the MUAFS conces-
sion were successful.28

2.2.1 Instrumental Neutron Activation Analysis
INAA was performed at the Center for Labelling 
and Isotope Analysis, TRIGA Center Atominstitut 
in Vienna29 on 237 samples collected between 2022 
and 2023 in the MUAFS concession area (districts 
of Attab, Ginis and Kosha). In addition, as part of 
the DiverseNile project, we analysed 43 samples 
from Dukki Gel and 33 samples from Amara West 
for comparative purposes.

For this analysis, resulting in the bulk chemi-
cal characterization of the ceramic pastes, samples 
were either drilled or ground down to uniform par-
ticle size using an agate mortar to avoid contam-

ination. After powderisation and homogenisation  
of up to 1 g, about 100 mg of powdered ceram-
ic was dried for approximately 12 h in the oven 
at 95°C, then weighed and sealed into SuprasilTM 
glass vials for irradiation in the TRIGA Mk II re-
search reactor.

Overall, the elemental compositions in µg/g of 
28 elements were quantified. In one measurement 
run, 43 samples were irradiated together with five 
internationally certified reference materials, one in-
house quality control sample and the Bonn Stand-
ard.30 After irradiation, all samples were meas-
ured twice with a high-purity Germanium gamma 
detector with a preloaded digital filter and a Loss 
Free Counting system. Multivariate statistical data 
analysis was done using a modified Mahalanobis 
distance measure31 to calculate distances in the 
multi-dimensional space between samples and es-
tablished groups from the combined Bonn/Vienna 
database.

2.2.2 Optical microscopy
The ceramic petrography of representative spec-
imens from various sites was investigated within 
the MUAFS area. For this purpose, 50 thin sections 
(~25µm) were manufactured. An additional 21 thin 
sections include ceramic samples from Dukki Gel 
(Table 1). The petrographic observations were con-
ducted with a Zeiss Axio Lab.A1 polarised light 
microscope at the Department of Earth and Envi-
ronmental Sciences, LMU Munich.

The analyses adhere to a previously established 
protocol, which includes information on the ground-
mass (clay matrix), non-plastic inclusions, plastic 
inclusions, porosity, and organic inclusions. Fur-
thermore, the firing regime of the ceramic sample 
(oxidation/reduction state of ceramic body visible 
under the petrographic microscope and with the na-
ked eye) is indicated. The objective is to establish a 
correlation between the microfabric or petrograph-
ic group and the macroscopic evidence, which in-
cludes various groups of Egyptian-style Nile clays 
(e.g. Nile B and C) and Nubian fabrics 1-4.32 

26 Smith 2003, 113–124; 2024, 177–178, figs. 2–3.
27 Spencer 2014, 55.
28 Budka 2024b, 107–108.
29 Sterba 2018.

30 Mommsen and Slärberg 2007.
31 Beier and Mommsen 1994.
32 As reported in Budka 2017, 122–124.
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Table 1  Samples analysed by optical microscopy within the DiverseNile project from the MUAFS concession area and from the site 
of Dukki Gel, Kerma. 

Sample 
No.

Find no. Site, Location Period Tradition Shape Macro Ware and Fabric

3 MUAFS 011-3/2022 AtW 001,  
WP 653

New Kingdom Egyptian Zir var. Nile clay C2UC

8 MUAFS 011-6/2022 AtW 001,  
WP 653

New Kingdom Egyptian Dish var. Nile clay B2RPall

11 MUAFS 011-11/2022 AtW 001,  
WP 653

New Kingdom Egyptian Bowl var. Nile clay B2RPAll

17 MUAFS 011/2022 AtW 001,  
WP 653

New Kingdom Nubian Cooking pot Nubian 2, Black-top and 
basketry

20a MUAFS 420/2022 AtW 001, T1, 
SU 1200

New Kingdom Nubian Beaker Nubian 1, Black-top 
fine, Kerma

22a MUAFS 184/2022 GiE 003, T1, 
F4, SU 1001

Classic Kerma Nubian Beaker Nubian 1, Black-top 
fine, Kerma

25a MUAFS 212/2022 GiE 003, T1, 
F10, SU 1011

Classic Kerma Nubian Beaker Nubian 1, Black-top 
fine, Kerma

25c MUAFS 212/2022 GiE 003, T1, 
F10, SU 1011

Classic Kerma Nubian Cooking pot Nubian 2, Basketry

27a MUAFS 323/2022 GiE 003, T1, 
F20, SU 1048

Classic Kerma Nubian Beaker Nubian 1, Black-top 
fine, Kerma

30a MUAFS 431/2022 AtW 001, T1, 
SU 1202

mid-18th Dynasty Egyptian Dish var. Nile clay 
B2RWallRPin

30e MUAFS 431/2022 AtW 001, T1, 
SU 1202

mid-18th Dynasty Egyptian Zir var. Nile clay C2WW

30h MUAFS 431/2022 AtW 001, T1, 
SU 1202

mid-18th Dynasty Nubian Cooking pot Nubian 2-3, Coarse

31g MUAFS 429/2022 AtW 001, T1, 
SU 1201

mid-18th Dynasty Nubian Cooking pot Nubian 2, Basketry

31i MUAFS 429/2022 AtW 001, T1, 
SU 1201

mid-18th Dynasty Nubian Bowl Nubian 2, Red polished, 
Impressed

33a MUAFS 441/2022 AtW 001, T1, 
SU 1204

mid-18th Dynasty Egyptian Dish var. Nile clay 
B2RWallRPin

33d MUAFS 441/2022 AtW 001, T1, 
SU 1204

mid-18th Dynasty Nubian Cooking pot Nubian 2, Basketry

34d MUAFS 447/2022 AtW 001, T1, 
SU 1205

mid-18th Dynasty Egyptian Zir var. Nile clay B2WW

34e MUAFS 447/2022 AtW 001, T1, 
SU 1205

mid-18th Dynasty Nubian Cooking pot Nubian 2, Basketry

34h MUAFS 447/2022 AtW 001, T1, 
SU 1205

mid-18th Dynasty Nubian Cooking pot Nubian 2, Coarse

38a MUAFS 127/2022 GiE 001, T4, 
SU 100

Napatan? „Egyptian“ Jar var. Nile clay B2RW

38b MUAFS 127/2022 GiE 001, T4, 
SU 100

Napatan? „Egyptian“ Dish var. Nile clay B2UCRW

38e MUAFS 127/2022 GiE 001, T4, 
SU 100

New Kingdom Nubian Storage 
vessel

Nubian 2, Red polished

41 MUAFS 502/2023 AtW 002,  
SU 1408

18th Dynasty Nubian Cooking pot Nubian 3, Basketry

43a MUAFS 517/2023 AtW 002,  
SU 1414

18th Dynasty Egyptian Cooking pot 
or jar

var. Nile clay RWout

43c MUAFS 517/2023 AtW 002,  
SU 1414

18th Dynasty Egyptian Globular jar var. Nile clay B2RWout 
(burned)
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Sample 
No.

Find no. Site, Location Period Tradition Shape Macro Ware and Fabric

43d MUAFS 517/2023 AtW 002,  
SU 1414

18th Dynasty Egyptian Cooking pot/
globular pot

var. Nile clay B2  
(chaffy)RWout 

43h MUAFS 517/2023 AtW 002,  
SU 1414, Str. 1

18th Dynasty Nubian Cooking pot Nubian 3, Basketry

47b MUAFS 319/2023 GiE 003, T3, 
Feature 42,  
SU 1502

Classic Kerma Nubian Storage 
vessel

Nubian 2

52b MUAFS 343/2023 GiE 003, T3, 
Feature 39,  
SU 1505

Classic Kerma Nubian Jar or globu-
lar bowl

Nubian, variant desert 
fabric 

54 MUAFS 351/2023 GiE 003, T3, 
Feature 39,  
SU 1505

Classic Kerma Nubian Cooking pot Nubian 3, Basketry

56 MUAFS 390/2023 GiE 003, T3, 
Feature 40,  
SU 1518

Classic Kerma Nubian Bowl Nubian 2

61a MUAFS 442/2023 GiE 003, T4, 
SU 1608

Classic Kerma Nubian Storage 
vessel

Nubian 2, Black-top

65 MUAFS 372/2023 GiE 003, T5, 
SU 1701

Pan-Grave Nubian/Pan-
Grave

Bowl Nubian, Pan-Grave, 
Herringbone, see PG.2/
De Souza-Ownby 1

66c MUAFS 475/2023 GiE 003, T5, 
SU 1706

Pan-Grave Nubian/Pan-
Grave

Bowl Nubian, Pan-Grave, 
Black-top, see PG.2/De 
Souza-Ownby 1

66d MUAFS 475/2023 GiE 003, T5, 
SU 1706

Pan-Grave Nubian/Pan-
Grave?

Beaker Nubian, Pan-Grave?, 
Black-top, see PG.5/De 
Souza-Ownby 2

66h MUAFS 475/2023 GiE 003, T5, 
SU 1706

Middle Kerma Nubian Jar Nubian, Black-top, 
Fabric to check

66l MUAFS 475/2023 GiE 003, T5, 
SU 1706

Middle Kerma Nubian Jar Nubian, variant of 
Nubian 3

66n MUAFS 475/2023 GiE 003, T5, 
SU 1706

Middle Kerma Nubian Cooking pot Nubian 3, Geometric 
incisions and basketry

66p MUAFS 475/2023 GiE 003, T5, 
SU 1706

Pan-Grave Nubian/Pan-
Grave

Bowl Nubian, Pan-Grave, 
Black-top, Slipped and 
polished

71h MUAFS 527/2023 KoE, 3-P-7,  
WP 825

Classic Kerma Nubian Storage 
vessel

Nubian 2/3, Burnished 
out

71i MUAFS 527/2023 KoE, 3-P-7,  
WP 825

Classic Kerma Nubian Storage 
vessel

Nubian 2, Impresssed 

74c MUAFS 026/2023 AtW 001, T2, 
SU 1253

18th Dynasty Egyptian Bread mould var. Nile clay C2 
(chaffy)

81c MUAFS 059/2023 AtW 001, T2, 
SU 1259

18th Dynasty Nubian/Pan-
Grave

Beaker Nubian (sim. Pan-Gra-
ve), Black-top, see PG.4/
De Souza-Ownby 3

81d MUAFS 059/2023 AtW 001, T2, 
SU 1259

18th Dynasty Egyptian Dish/plate var. Nile clay C2UC 
(chaffy) 

83 MUAFS 082/2023 AtW 001, T2, 
SU 1263

18th Dynasty Egyptian Cooking pot Hybrid type, var. Nile 
clay B2 sandy 

86 MUAFS 114/2023 AtW 001, T2, 
SU 1268 

18th Dynasty Nubian Cooking pot Nubian 3, Basketry

88a MUAFS 186/2023 AtW 001, T2, 
SU 1283

18th Dynasty Egyptian Jar var. Nile clay B2UC 
(overfired)

Table 1  cont.
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Table 1  cont.

Sample 
No.

Find no. Site, Location Period Tradition Shape Macro Ware and Fabric

92c MUAFS 283/2023 AtW 001, T2, 
SU 1324

18th Dynasty Egyptian Bread plate var. Nile clay B2/C2 
(chaffy)

93a MUAFS 287/2023 AtW 001, T2, 
SU 1325

18th Dynasty Nubian Cooking pot Nubian 3, Basketry

94a MUAFS 290/2023 AtW 001, T2, 
SU 1326

18th Dynasty Nubian Cooking pot Nubian 3, Basketry

DG-12 DG.04.01-15 Dukki Gel, 
Sector 1/36

early 18th  
Dynasty

Nubian Jar KERMA-II, Fine po-
lished

DG-17 DG.04.01-23 Dukki Gel, 
Sector 1/36

early 18th  
Dynasty

Nubian Large bowl KERMA-IV, Fine 
polished

DG-18 DG.04.01-24 Dukki Gel, 
Sector 1/36

early 18th  
Dynasty

Nubian Cooking pot KERMA-V, Basketry

DG-19 DG.04.01-25 Dukki Gel, 
Sector 1/36

early 18th  
Dynasty

Nubian Cooking pot KERMA-V, Basketry

DG-20 DG.04.01-27 Dukki Gel, 
Sector 1/36

early 18th  
Dynasty

Nubian Unidentified KERMA*, Common

DG-22 DG.08.36-05 Dukki Gel, 
Sector 1/36

early 18th  
Dynasty

Nubian Jar KERMA-IV, Roughly 
Polished/Wet-smoothed

DG-23 DG.08.36-06 Dukki Gel, 
Sector 1/36

early 18th  
Dynasty

Nubian Cooking pot KERMA-IV, Common

DG-24 DG.08.36-08 Dukki Gel, 
Sector 1/36

early 18th  
Dynasty

Nubian Jar KERMA-IV, Roughly 
Polished/Wet-smoothed

DG-26 DG.11.23D-17 Dukki Gel, 
Sector 23D

early 18th  
Dynasty

Nubian Cooking pot KERMA-V, Common

DG-29 DG.11.23D- 
Unnamed-1

Dukki Gel, 
Sector 23D

early 18th  
Dynasty

Nubian Unidentified KERMA*, Fine polished

DG-30 DG.11.23D- 
Unnamed-2

Dukki Gel, 
Sector 23D

early 18th  
Dynasty

Nubian Unidentified KERMA*, Fine polished

DG-31 DG.11.23D- 
Unnamed-3

Dukki Gel, 
Sector 23D

early 18th  
Dynasty

Nubian Unidentified KERMA*, Common

DG-35 DG.10.45C-24 Dukki Gel, 
Sector 45C

early 18th  
Dynasty

Egyptian Bowl var. Nile B1-III, Red 
slipped, Burnished

DG-36 DG.10.45C-25 Dukki Gel, 
Sector 45C

early 18th  
Dynasty

Egyptian Bowl var. Nile B1-I, Red 
slipped, Burnished

DG-40 DG.10.45C- 
Unnamed-2

Dukki Gel, 
Sector 45C

early 18th  
Dynasty

Egyptian Bread mould var. Nile B*, Uncoated

DG-41 DG.10.45C- 
Unnamed-3

Dukki Gel, 
Sector 45C

early 18th  
Dynasty

Nubian Cooking pot KERMA*, Basketry

DG-48 DG.03.79-46 Dukki Gel, 
Sector 79

mid-18th Dynasty Nubian Jar KERMA-IV, Roughly 
Polished/Wet-smoothed

DG-49 DG.03.79-53 Dukki Gel, 
Sector 79

mid-18th Dynasty Nubian Bowl KERMA-V, Common

DG-57 DG.04.03-70 Dukki Gel, 
Sector 3

mid-18th Dynasty Nubian Jar KERMA-IV, Roughly 
Polished/Wet-smoothed

DG-58 DG.04.03-71 Dukki Gel, 
Sector 3

mid-18th Dynasty Nubian Globular 
pot, spouted 
vessel

KERMA-III, Common, 
Red slipped

DG-59 DG.04.03-72 Dukki Gel, 
Sector 3

mid-18th Dynasty Nubian Cooking pot KERMA-V, Common
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Table 2  Samples analysed by X-ray diffraction within the DiverseNile project.

Sample 
No.

Site, Location Period Tradition Shape Macro Ware and Fabric Performed 
Analyses

30a AtW 001, T1, SU 
1202

mid-18th  
Dynasty

Egyptian Dish var. Nile clay B2RWallRPin OM, INAA

30e AtW 001, T1, SU 
1202

mid-18th  
Dynasty

Egyptian Zir var. Nile clay C2WW OM, INAA

33a AtW 001, T1, SU 
1204

mid-18th  
Dynasty

Egyptian Dish var. Nile clay B2RWallRPin OM, INAA

33d AtW 001, T1, SU 
1204

mid-18th  
Dynasty

Nubian Cooking pot Nubian 2, Basketry OM, INAA

34d AtW 001, T1, SU 
1205

mid-18th  
Dynasty

Egyptian Zir var. Nile clay B2WW OM, INAA

38e GiE 001, T4, SU 
100

New Kingdom Nubian Storage 
vessel

Nubian 2, Red polished OM, INAA

41 AtW 002, SU 1408 18th Dynasty Nubian Cooking pot Nubian 3, Basketry OM, INAA
43a AtW 002, SU 1414 18th Dynasty Egyptian Cooking pot 

or jar
var. Nile clay RWout OM, INAA

43d AtW 002, SU 1414 18th Dynasty Egyptian Cooking pot/
globular pot

var. Nile clay B2 (chaffy)
RWout 

OM, INAA

43h AtW 002, SU 
1414, Str. 1

18th Dynasty Nubian Cooking pot Nubian 3, Basketry OM, INAA

46 GiE 003, T3, Fea-
ture 41, SU 1504

Classic Kerma Nubian Jar Nubian 2, Black-top INAA

47b GiE 003, T3, Fea-
ture 42, SU 1502

Classic Kerma Nubian Storage 
vessel

Nubian 2 OM, INAA

54 GiE 003, T3, Fea-
ture 39, SU 1505

Classic Kerma Nubian Cooking pot Nubian 3, Basketry OM, INAA

56 GiE 003, T3, Fea-
ture 40, SU 1518

Classic Kerma Nubian Bowl Nubian 2 OM, INAA

65 GiE 003, T5, SU 
1701

Pan-Grave Nubian/
Pan-Grave

Bowl Nubian, Pan-Grave, Herring-
bone, see PG.2/De Souza-Ow-
nby 1

OM

66c GiE 003, T5, SU 
1706

Pan-Grave Nubian/
Pan-Grave

Bowl Nubian, Pan-Grave, Black-top, 
see PG.2/De Souza-Ownby 1

OM, INAA

66d GiE 003, T5, SU 
1706

Pan-Grave Nubian/
Pan-Grave 
(?)

Beaker Nubian, Pan-Grave?, Black-
top, see PG.5/De Souza-Ow-
nby 2

OM, INAA

66n GiE 003, T5, SU 
1706

Middle Kerma Nubian Cooking pot Nubian 3, Geometric incisions 
and basketry

OM, INAA

66p GiE 003, T5, SU 
1706

Pan-Grave Nubian/
Pan-Grave

Bowl Nubian, Pan-Grave, Black-top, 
Slipped and polished

OM, INAA

74c AtW 001, T2, SU 
1253

18th Dynasty Egyptian Bread mould var. Nile clay C2 (chaffy) OM, INAA

81c AtW 001, T2, SU 
1259

18th Dynasty Nubian/
Pan-Grave

Beaker Nubian (sim. Pan Grave), 
Black-top, see PG.4/De Souza-
Ownby 3

OM, INAA

81d AtW 001, T2, SU 
1259

18th Dynasty Egyptian Dish/plate var. Nile clay C2UC (chaffy) OM, INAA

83 AtW 001, T2, SU 
1263

18th Dynasty Egyptian Cooking pot Hybrid type, var. Nile clay B2 
sandy 

OM, INAA

86 AtW 001, T2, SU 
1268 

18th Dynasty Nubian Cooking pot Nubian 3, Basketry OM, INAA

87b AtW 001, T2, SU 
1273

18th Dynasty Egyptian Beer jar var. Nile clay B2/C2 (chaffy) INAA
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Sample 
No.

Site, Location Period Tradition Shape Macro Ware and Fabric Performed 
Analyses

88b AtW 001, T2, SU 
1283

18th Dynasty Egyptian Cooking pot var. Nile clay B2UC (part. 
burned out)

INAA

88d AtW 001, T2, SU 
1283

18th Dynasty Egyptian Cooking pot var. Nile clay B2RW, Rope 
impressions (part. burned out)

INAA

88e AtW 001, T2, SU 
1283

18th Dynasty Egyptian Cooking pot var. Nile clay B2UC INAA

92c AtW 001, T2, SU 
1324

18th Dynasty Egyptian Bread plate var. Nile clay B2/C2 (chaffy) OM, INAA

ABRI 
Nile clay

Abri Modern Replica Small vessel Modern Nile clay, Abri village OM, Raman 
Spectroscopy

2.2.3 X-ray diffraction analysis
XRD analyses were performed at the clay laboratory 
of the Chair of Engineering Geology at TUM, Mu-
nich, to complement INAA and optical microscopy 
analyses and increase our knowledge of the com-
position and production technology of the Nile clay 
samples. XRD provided information on those min-
eral phases (i.e., clay minerals) which are typically 
not distinguishable under the optical microscope. 
This technique also gives useful insights into the 
firing process that the ceramic body has undergone. 
This is based upon the understanding that specific 
minerals are susceptible to degradation, disappear-
ance or alteration (mineral neoformation) at specific 
temperatures due to the collapse of their crystalline 
structure through the process of dehydroxylation.33

For this analysis, we selected 30 ceramic sam-
ples from Nubian- and Egyptian-style sherds that 
are representative of the corpus data from excava-
tions at the sites of Attab West and Ginis East. To 
this, we added a replica in modern Nile clay from 
Abri in Sudan (Table 2).

About 1 g of the ceramic bodies was homoge-
nised and ground using an agate mortar. The XRD 
analyses were performed on side-loaded powder 
mounts of ~0.5 g using a BRUKER D8 Advance 
Eco X-ray diffractometer (CuKα, 40 kV, 25 mA, 
2°–75° 2Θ, 0.01° step size, 1 s/step, 15 mm irra-
diated length, 2.5° primary and secondary sollers 
and a LynxEye XE-T detector). The phases in the 
bulk ceramic powders were then identified using 
their characteristic diffraction lines, the DIFFRAC.
EVA software (BRUKER), the ICDD pdf2 and the 

crystallographic open databases. To identify clay 
minerals, we prepared semi-oriented mounts by 
pipetting an aqueous suspension of the powder on 
glass slides and drying them overnight. These were 
X-rayed in an air-dried state and an ethylene-glyco-
lated state following heating to 550°C.

2.2.4 Raman spectroscopy
The Raman spectroscopic analyses, applicable to 
reveal differences in the manufacturing technique 
and firing temperatures of Late Bronze Age ce-
ramics from Nubia,34 were conducted on 20 thin 
sections at the Mineralogical State Collection in 
Munich (MSM) with a HORIBA JOBIN YVON 
XploRA ONE system. All ceramic thin sections 
have organic inclusions within the matrix inten-
tionally added as temper material, which turned to 
charcoal due to the manufacturing temperature con-
ditions. Raman spectroscopy offers a reliable meth-
od for quantifying the internal structure of char-
coal,35 which is highly temperature-dependent up 
to 1200°C.36 Three specific bands can be character-
ised for carbon: the defect band (D-band) at ~1350 
cm−1, the Valley region (V-region) at ~1450 cm−1, 
and the graphite band (G-band) at 1580 cm−1 (see 
below, Fig. 9e). Their apparent intensities can be 
quantified as heights (HD, HV, HG). For the study 
presented in section 3.3, four samples from Dukki 
Gel were compared to six samples from Sai Island.

2.3 Archaeometric analyses of sandstone samples
As the DiverseNile project is concerned with the 
Bronze Age use of raw materials and resources, 

33 See Maggetti 1982; Rice 1987; Heimann et al. 2014.
34 Dellefant et al. 2023.
35 Dellefant et al. 2023.

36 McDonald-Wharry et al. 2013; Deldicque et al. 2016, 
2023; Guizani et al. 2017a, 2017b; Lambrecht et al. 2021. 

Table 2  cont.
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the origin and mineralogical properties of Nubian 
sandstones from Sai Island near the MUAFS region 
were investigated, building on an earlier study by 
the ERC AcrossBorders project. This project docu-
mented various types of Nubian sandstone, the is-
land’s most common rock type.37 A key result was 
identifying the source of the stone used for New 
Kingdom structures on Sai, particularly the 18th 
Dynasty Temple A. In 2016, Dietrich and Rose-
marie Klemm identified seven sandstone quarries 
near the New Kingdom town using lithological-
ly processed Landsat TM images and on-site re-
search.38 Two quarries, sites 1 and 2, located just 
east of the town wall, were the most accessible for 
building materials.

The recent investigation aims to determine 
whether Nubian sandstones from Temple A on Sai 
Island were locally sourced and how they were se-
lected for building purposes. This was conducted 
using the following techniques.

2.3.1 Optical microscopy
Uncovered and polished thin sections (~25µm) of 
19 samples were prepared from the samples and in-
vestigated (Leica DM2700 P) at the Department for 
Earth and Environmental Sciences, LMU Munich, 
using both reflected and transmitted polarised light. 
Photomicrographs were taken with a Leica MC170 
HD camera and processed with the Leica Applica-
tion Suite X 3.08.19082 software. Petrographic in-
formation, such as phase determinations and their 
chemical compositions were ascertained using Ra-
man spectroscopy and SEM, respectively.

2.3.2 Raman spectroscopy
To investigate the combination of chemical com-
position and its crystallographic structure, Raman 
spectroscopy provides a fast and easy-to-use ap-
proach. Phase determinations of 19 thin section 
samples were confirmed at the MSM with a HORI-
BA JOBIN YVON XploRA ONE system.

2.3.3 Scanning electron microscopy
To obtain detailed information about the chemical 
compositions of specific phases in thin sections, we 
employed scanning electron microscopy (SEM), 
which produces high-resolution backscattered 

electron (BSE) images. BSE imaging effectively 
highlights compositional contrasts, with heavier 
elements appearing brighter, making it essential 
for distinguishing between different minerals and 
phases. For this study, six thin section samples were 
analysed using a Hitachi SU5000 SEM in the De-
partment of Earth and Environmental Sciences at 
LMU Munich.

3. Results

3.1 Landscape archaeology and the Bronze Age 
riverscape
In order to understand the landscape and riv-
erscape during the Bronze Age in the MUAFS 
concession area, the site AtW 001 is particularly 
relevant. The site is located on a small mound, 
directly west of what could be a second, smaller 
mound. Slightly south-east of the site is a large 
dry-stone wall. A possible paleochannel runs west 
to east, directly north of the site, which is support-
ed by the low elevation of this area recorded in 
the Digital Elevation Model achieved with drone 
photos (Fig. 4).

AtW 001 is part of the larger site 2-T-62 re-
corded by André Vila in the 1970s.39 The results 
from our 2022 and 2023 excavations suggest 
that this rural settlement site is probably related 
to gold exploitation.40 The finds from the site in-
clude grindstones, stone tools such as pounders 
as well as quartz flakes, testifying to grinding and 
crushing activities, presumably connected with 
gold working.41 Substantial layers of mud brick 
collapse were found as well as several potential 
phases of poorly preserved mud brick structures. 
The domestic character of the site is evident from 
many ashy deposits and rubbish deposits includ-
ing frequent animal bones, charcoal and pottery 
sherds, as well as a surprisingly large number of 
(almost) intact vessels. These vessels, which are 
of primarily Egyptian tradition but also have a 
strong Nubian component and hybrid forms, al-
low a dating of the site to the 18th Dynasty. In 
addition, several round and oval-shaped storage 
pits were documented, some of them with traces 
of firing/ash which could be connected with heat-
ing or cooking.

37 Draganits 2014; Budka 2020b, 42–52.
38 Budka 2020b, 27–28, with references therein. See now Del-

lefant et al. 2025.

39 Vila 1977b, 88−89, fig. 10.
40 Budka 2022; Budka et al. 2023, 2025; Ward et al. 2025.
41 Budka 2022; Budka et al. 2025.
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3.2 Ceramics: Petrographic and mineralogical 
data
Based on diagnostic clay mineral phases recognised 
in the XRD spectra, we distinguished three distinct 
groups of samples, namely (Fig. 5):
• Group A (9 samples: 43h, 54, 66c, 66d, 66n, 81c, 

81d, 86, Abri)
• Group B (8 samples: 30a, 38e, 43a, 43d,74c, 83, 

88b, 92c) 
• Group C (13 samples: 30e, 33a, 33d, 34d, 41, 

46, 47b, 56, 65, 66p, 87b, 88d, 88e)
These groups show similar primary phases, such as 
quartz, feldspar (mostly K-feldspar), micas (biotite, 
muscovite/illite), amphiboles, pyroxenes, zeolites 
(probably mordenite) and Fe-Ti-oxides (ilmenite, 
hematite, anatase) which are present in compara-
ble amounts across all samples and are typical of 

clayey sediments from the Nile River and its tribu-
taries in Sudan.42 All three types also occasionally 
contain small amounts of secondary, low-tempera-
ture (<100°C) phases, such as gypsum or goethite. 
The main differences observed were in the presence 
or absence of clay minerals, specifically chlorite, 
smectite and kaolinite.

Samples from group A are characterised by the 
presence of chlorite (identified by its 00l reflections 
at 14.3, 7.07 and 4.71 Å), Ca-smectite in a dehydra-
ted (~9.6 Å) or hydrated state with approximately 
one water layer (~12 Å), and in part kaolinite (7.15 
Å).

Samples from group B also contain smectites 
but are generally devoid of 14.3. and 7 Å reflec-
tions related to kaolinite or chlorite. They do con-
tain a minor peak at 13.9 Å that is related to de-

42 See Garzanti et al. 2015; Maritan et al. 2023; Mohammed- 
noor et al. 2024.

Fig. 4  Landscape Digital Elevation Model with Shaded Relief achieved from drone photos showing the area around Attab West 001. 
Map: Kate Rose ©DiverseNile project.
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Fig. 5  Representative X-ray diffractograms of the three main groups (A, B, C) of ceramics based on observed clay mineral contents. 
Abbreviations: A: amphibole, C: calcite, Ch: trioctahedral chlorite, Cp: clinopyroxene, dhCh: dehydroxylated chlorite, Go: goe-
thite, Gy: gypsum, K: kaolinite, Kf: K-feldspar M: muscovite/illite, Op: orthopyroxene, Pl: plagioclase, S0: dehydrated smectite, 

S1: smectite with ~1 water layer, Z: zeolite (mordenite).

43 Brindley and Ali 1950; Moore and Reynolds 1997.
44 Drits et al. 1995.

45 D’Ercole and Sterba 2018; D’Ercole forthcoming.

hydroxylated chlorite probably indicating firing 
temperatures above 550°C,43 but probably below 
the dehydroxylation temperature of the cis-vacant 
dioctahedral smectites.44 Ethylene glycol treatment 
shows expansion of the smectites to 15 to 17 Å.

Samples from group C lack smectite, chlorite 
and kaolinite, but exhibit the presence of variable 
proportions of muscovite/illite. Cross-referencing 
the petrographic, mineralogical and macroscopic 
data enabled the identification of certain patterns, 
as described below (Table 3).

Samples from group A, except sample 81d 
(Egyptian-style dish/plate, Nile clay C2UC chaffy, 

similar to a petrographic fabric from Sai Island)45 
and the modern Abri sample from Nile clay of the 
region are all Nubian (Kerma or Pan-Grave) in tra-
dition. They are composed of fired Nile clay and 
typically contain monocrystalline quartz, poly-
crystalline quartzite, feldspar, amphibole, iron ox-
ides, biotite and muscovite inclusions, with calcite 
(micrite) being a common to abundant component. 
They exhibit a unimodal texture (average grain size 
in the very fine to fine sand: dominant grain size of 
~60−120 µm up to ~250 µm) and are characterised 
by a high abundance of organic inclusions, which 
may include herbivore dung, ash, straw and chaff  
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Table 3  Characteristics of the XRD groups, including references to the macroscopic fabrics of the analysed MUAFS samples.

XRD 
Group

Samples Main mine-
ral phases

Characteris-
tic features

Tempe-
ring

Tradition Function Fabric Firing Sorting

Group A 43h, 54, 66c, 
66d, 66n, 
81c, 81d, 86, 
Abri

Quartz, 
K-feld-
spar, micas, 
amphiboles, 
pyroxenes, 
zeolites & 
Fe-Ti-oxi-
des 

Chlorite, 
smectite (de-
hydrated/hy-
drated),kao-
linite

Organics 
& calcite 
(?)

Mainly 
Nubian & 
Pan-Grave

Mainly 
Cooking 
pots

Mainly 
Nubian 
3 & Pan-
Grave 
fabrics

Patched 
reduced/
oxidized

Good/ 
Moderate

Group B 30a, 38e, 43a, 
43d,74c, 83, 
88b, 92c

Smectite & 
partly dehy-
droxylated 
chlorite 

Feldspat-
hic sand

Mainly 
Egyptian

Mainly 
Cooking 
pots

Mainly 
var. Nile 
clay B2

Oxidized Seriate/
Slightly 
Bimodal

Group C 30e, 33a, 
33d, 34d, 41, 
46, 47b, 56, 
65, 66p, 87b, 
88d, 88e

Muscovite 
and illite, 
NO smecti-
te, chlorite 
& kaolinite

Organics Nubian, 
Pan-Grave 
& Egyp-
tian

Multiple 
shapes/
functions

Nubian 2, 
Nubian 3 
& var. Nile 
clay B2

Reduced 
with 
narrow 
Ox

Moderate

remains. The firing process occurred in a reduced 
atmosphere resulting in a fully black or patched 
black/red ceramic body with oxidised margins. The 
presence of non-dehydroxylated trioctahedral chlo-
rite and kaolinite indicates that firing temperatures 
were less than 500°C.46 The presence of dehydrated 
smectites implies temperatures above about 250°C 
and that the smectites did not form by a rehydroxy-
lation process47 but are rather residual phases con-
sistent with the low firing temperatures.48 The gyp-
sum- and goethite-bearing samples do not contain 
dehydrated but partly rehydrated smectites.

Petrographically, these samples mostly resemble 
the Sai Island Nubian fabric 3 which is tempered 
with common (54, 66n) to abundant (43h, 86) or-
ganic inclusions (Fig. 6).49 The Nubian/Pan-Grave 
samples 66c (Black-top bowl) and 66d (Black-top 
beaker) show other affinities respectively with the 
de Souza’s types PG.2 (dung temper) = de Souza/
Ownby Petrofabric Group 1 and PG.5 (sand tem-
per) = de Souza/Ownby Petrofabric Group 2. Fi-
nally, sample 81c (Black-top beaker) resembles de 
Souza’s type PG.4 (straw temper) = de Souza/Own-
by Petrofabric Group 3.50

Samples from group B are mostly Egyptian in 
tradition, with the exception of sample 38e (hand-
made storage vessel of unknown date, Nubian fabric 
2). They are typically fully oxidised and appear rich 

in fired biotite and potassium feldspar while they are 
generally poor in calcite and organics. They often 
show amphibole and might contain grog. Sorting is 
generally good to fair and the grain size is in the 
range of the very fine to fine sand (~60−120 µm up 
to 250 µm) (Fig. 6). Only sample 83 shows a coars-
er grain size and a bimodal/hiatal texture. These ce-
ramics might have been fired at slightly higher tem-
peratures than samples from group A (see Table 3). 

The samples from group B are mostly from 
cooking wares. Among these, the bread mould 
(74c) contains traces of pristine clay minerals (i.e., 
non-dehydroxylated chlorite) and does not show the 
large amounts of chlorite; thus, it could have been 
fired at lower temperatures than the other samples 
of the same group. The same stands for the bread 
plate 92c. Sample 83 is from a hybrid cooking pot51 
made in a sandy and gritty fabric similar to that of 
Egyptian cooking pots, with the likely addition of 
a deliberate quantity of feldspathic sand from the 
breakdown of granite. It also contains organic in-
clusions.

Samples from group C are petrographically sim-
ilar to those from group A (Fig. 6). Samples 30e, 
33a and 34d show the highest amount of hematite. 
These samples are from vessels in either the Nubi-
an- (33d, 41, 46, 47b, 56), Nubian/Pan-Grave (65 
and 66p) or Egyptian-style (30e, 33a, 34d, 87b, 88d 

46 Brindley and Ali 1950; Moore and Reynolds 1997.
47 See, e.g., Shoval et al. 1991.
48 See, e.g., Drits et al. 1995.
49 For this fabric see D’Ercole and Sterba 2018; D’Ercole 

forthcoming; also Budka 2025b.

50 Cf. de Souza 2019; de Souza and Ownby 2022.
51 See Budka 2024b, 107, fig. 3; 2024c, 26.
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Fig. 6  Macro- and microphotos of representative samples analysed by optical microscopy.



118 Julia Budka, Fabian Dellefant, Giulia D’Ercole, H. Albert Gilg, Rosemarie Klemm and Johannes H. Sterba

Fig. 7  Discriminant analysis of the three established chemical groups of Nile clay (QanN, QanM and NilS) from the Bonn/Vienna 
database, including the samples from the current dataset. Ellipses drawn are the 2σ boundaries of the groups. Discriminant ana-

lysis is used for visualisation only, grouping is done according to a modified Mahalanobis distance filter.

Fig. 8  Comparison of the potassium concentration in Nile clay ceramics, related to their technological and typological tradition.
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and 88e) traditions. According to their morpholo-
gy, they are either cooking pots (33d, 41, 88d and 
88e), storage vessels (47b), jars (46, 87b), bowls 
(56, 65, 66p), zirs (30e, 34d) or dishes (33a). The 
Nubian-style samples have higher ilmenite and cal-
cite but lower hematite contents compared to the 
Egyptian-style samples of this group. The absence 
of chlorite and smectite is noteworthy and might 
indicate a distinct preparation of the paste (with-
out the need to temper the clay with the addition of 
coarse sand) or a different raw material source (see 
below in Discussion).

3.3 Chemical characterisation of Nile clay  
ceramics
Ceramics produced with Nile clay are very com-
monly found in archaeological excavations along 
the Nile River, the MUAFS project and its ceramic 
material being no exception. Application of Neu-
tron Activation Analysis as a bulk chemical meth-
od to establish provenance is, while usually quite 
successful, severely challenged with this type of 
samples. Ceramics made of Nile clay are usually 
characterised by a very homogeneous groundmass 
with a very similar framework of inclusions that is 
hardly differentiated along the river bed.52

The 237 samples from the MUAFS concession 
area measured for this project were compared to 
the Vienna/Bonn Database of over 20000 ceramic 
samples and ~1500 chemical groups, including a 
set of 43 samples from Dukki Gel as well as over 
300 samples from Sai Island. Grouping was done 
following established statistical procedures53 in-
cluding a modified Mahalanobis distance filter. 
Comparison to the established groups in the data-
base shows that a total of 126 samples corresponds 
to one of the three chemical groups of Nile clay. 
84 samples belong to the chemical group “NilS”, 
containing a total of 302 samples; 37 samples be-
long to the chemical group “QanM” (90 samples 
in the database) and five more samples belong to 
the chemical group “QanN” (35 samples in the da-
tabase). Group “NilS” was established mostly with 
samples from Sai Island54 and can be divided into 
smaller subgroups. Chemical groups QanM and 

QanN were formed following samples of Nile clay 
ceramics found at Naukratis, Egypt.55 The three 
groups can be separated chemically (see Fig. 7) by 
their concentration in potassium and several lantha-
nides. They most likely represent sedimentations of 
Nile clay that contain a slightly different mineralog-
ical composition. It can be noted that more than half 
of the samples from the MUAFS dataset that can 
be correlated with one of the three chemical groups 
belong to the “NilS” group, which could indicate 
that the “NilS” group represents Nile clay from the 
Middle Nile and the southern parts of the Lower 
Nile, whereas QanM and QanN correlate more with 
Nile clay from the Egyptian Delta.

While for the Nile clay samples there is no clear 
chemical separation possible between the Egyptian 
and Nubian traditions, however, on average, the po-
tassium concentration of the Egyptian tradition is 
higher than for the samples of Nubian tradition (see 
Fig. 8). It is doubtful that this indicates the use of 
different raw materials, however it could indicate 
different preparations of the clay paste.

3.4 Differentiation of Nubian- and Egyptian-style 
ceramics using Raman spectroscopy
The firing techniques of a set of Nubian- and Egyp-
tian-style ceramics were investigated via Raman 
spectroscopy (Figs. 6, 9) to identify the relative 
maximum firing temperatures.56 Both manufactur-
ing traditions (hand-made and wheel-made) used 
Nile silt clay with organic temper additives, such 
as herbivore dung, chaff or straw, to strengthen the 
ceramic material. This leaves characteristic carbon-
ised residues that provide insights into the firing 
temperature. Organic inclusions within the ceramic 
samples were first identified via reflected and polar-
ised light microscopy (Fig. 9c, d) and subsequently 
measured using Raman spectroscopy (Fig. 9d-f).

Our preliminary results, based on average higher 
HD/HG ratios, show that Egyptian-style ceramics 
(see XRD group B and Egyptian-style in group C 
with > hematite; Fig. 9a) reach slightly higher firing 
temperatures than Nubian-style ceramics (see XRD 
group A; Fig. 9b, f). The difference in the range of 
firing temperatures could be that Egyptian-style 

52 See Carrano et al. 2009 and Spataro et al. 2015; for a partly 
successful assessment of the provenance of clayey sediments 
along various parts of the Nile, including the Blue and White 
Nile using chemical, mineralogical and strontium isotope 
analysis, see Maritan et al. 2023.

53 See Beier and Mommsen 1994; Mommsen and Slärberg 
2007.

54 D’Ercole et al. 2017.
55 Spataro et al. 2019.
56 Dellefant et al. 2023.
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Fig. 9  Photomicrographs (a-d) and Raman spectroscopy investigation (e-f) of Egyptian- and Nubian-style ceramics. a) Oxidised 
reddish matrix of Egyptian-style ceramic; sample DG-35. b) Reduced blackish core displaying voids (vd) and oxidised reddish 

rim of Nubian-style ceramic; sample DG-23. (a, b) taken with a reflected polarised light and crossed polarisers. c) Preserved cell 
structure (red arrow) of organic component (org) within void (vd) in blackish matrix (mat); sample DG-18. d) Organic com-
ponent (org) within matrix (mat) with respective Raman measurement positions (green and red dots) of data displayed in (e); 
sample SAV/S 009 taken with reflected polarised light. (c-d) taken with reflected polarised light. e) Raman spectra of organic 
component (green) and matrix (red) represented by the correspondingly coloured dots shown in (d). Note the heights of the 

G-band (GD), V- region (HV), and D-band (DG). f, g) All Raman measurements from Dellefant et al. (2023) with ratio of the 
V-region and G-region heights (HV/HG) plotted against the ratio of the D-band and G-band heights (HD/HG) of Nubian- and 

Egyptian-style ceramics from Dukki Gel and Sai Island. Note that Egyptian-style samples have higher HD/HG from higher pro-
duction temperatures and samples from Dukki Gel have higher HV/HG and more scattering than Sai Island samples, indicating 

more oxidative weathering.
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Fig. 10  Overview of Nubian sandstone constituents with major component quartz (qz) and minor K-feldspar (Kf) and phyllosilica-
tes, such as biotite (Bt). Samples from Temple A exhibit a) moderate sorting (sample 15), whereas samples from ancient quarries 
have b) poor to very poor sorting (sample 6). The matrix is comprised of c) few µm-sized up to tens of µm-log vermicular aggre-
gates of kaolinite (K, white arrow, sample 2) together with c) minor (sub-)µm-sized illite (Ill). Ilmenite alteration products occur 
throughout all samples and are e) altered ilmenite (alt. Ilm) and rutile (Rt) as well as f) pseudorutile (Prt), and g) anatase (Ant). 

Upon alteration, iron leaching occurs, which results in the precipitation of h) hematite (Hem) and iron hydroxide minerals (Lim) 
within vesicles and along grain boundaries (white arrow).
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pottery is often oxidised (red surfaces; Fig. 9a), in-
dicating firing in oxygen-rich environments. In con-
trast, Nubian-style pottery typically has reduced, 
blackened cores (Fig. 9b), meaning they were fired 
in lower oxygen environments, resulting in lower 
maximum firing temperatures overall. Moreover, 
the study discovered that organic materials were 
likely ash or plant residue added to the clay paste 
before firing, based on the findings that the matrix 
shows distinct HD/HG ratios of amorphous carbon 
(with the best signal-to-noise ratios) although no 
organic inclusion could be observed with optical 
microscopy. Therefore, the respective particle sizes 
have been interpreted to be in the sub-µm scale.

To quantify absolute temperatures, an ongoing 
project, discussed in the outlook (5.), will calibrate 
the measuring conditions of Dellefant and col-
leagues57 to offer a new calibrated methodological 
approach for archaeology.

3.5 Analysis of Nubian sandstone from Sai Island
For the analysis of the Nubian sandstone samples, 
OM was applied first, followed by chemical meas-
urements and imaging using SEM and structural in-
vestigations using Raman spectroscopy. The sand-
stones from all the sites on Sai Island are primarily 
composed of quartz (90–95%), with lesser amounts 
of feldspar (up to 10%) and lithoclasts (less than 
5%) with grain sizes of 250µm to 1150µm (Fig. 
10a, b). The amount of matrix varies significantly 
in proportion, ranging from 5% to 50%, and con-
sists of minerals such as kaolinite, illite, and minor 
amounts of hematite, iron hydroxide minerals and 
calcite (Fig. 10c, d). The sandstones are classified 
into two types based on matrix content:58 quartz 
arenites (matrix amount below 15%) and quartz 
wackes (matrix amount between 15% and 50%). 
The Fe-Ti-oxide mineral phases of all samples are 
altered ilmenite and rutile (Fig. 10e), pseudorutile 
(Fig. 10f), and anatase (Fig. 10g), resembling al-
teration products that indicate the progressive 
transformation of ilmenite.59 Ilmenite alteration is 
accompanied by iron leaching,60 which resulted in 
the formation of hematite and iron hydroxide min-
erals, often along grain boundaries and vesicles 
(Fig. 10h). Locally, hematite and rutile occur as 
monocrystalline tens of µm-sized grains in contrast 

to the generally (sub-)µm-sized hematite and rutile, 
which are ilmenite alteration products, implying 
that the larger grains are not a secondary product 
of ilmenite but were present before alteration start-
ed. The sandstones from Temple A have distinct 
characteristics compared to those from the quarries. 
The Temple A samples (Fig. 10a) exhibit moderate 
sorting, smaller grain sizes (mostly between 250µm 
to 310µm), and lighter colours (ranging from pink-
ish-gray to very pale orange). In contrast, the sam-
ples from the quarries (Fig. 10b) are (very) poorly 
sorted, with larger grains (up to 750 µm), and often 
darker colours (reddish-brown and grayish-red).

4. Discussion

In this article, some case studies and their results 
were presented in the context of the contact space 
biography approach applied by the DiverseNile 
project in the MUAFS concession in northern Su-
dan. From a variety of possible discussion points, 
some are presented below.

Section 4.1 discusses possible conclusions about 
Bronze Age contact areas in the MUAFS conces-
sion area based on remote sensing, GIS mapping, 
excavations and the evaluation of the material cul-
ture. One focus is on the diachronic development 
during the Bronze Age in the Attab to Ferka region, 
as there are major changes between the Kerma peri-
od, New Kingdom and later periods.

Section 4.2 reinforces what was discussed in 
Section 4.1 in relation to dynamic contact spaces, 
focusing on the importance of our multidisciplinary 
collaborative study on ceramics for ceramic pro-
duction and technology in the MUAFS concession 
area. In addition to trends within the MUAFS re-
gion as a rural setting compared to urban contexts 
in Sai, we discuss possible evidence for co-option 
and co-operation between Egyptians and Nubians 
in ceramic production during the colonial New 
Kingdom.

Section 4.3 discusses the quarrying of Nubian 
sandstone on Sai Island, which is fundamental to 
our landscape biography and taskscape approach 
in the MUAFS region, as Sai represents the main 
source of quarried sandstone for an extensive area 
of the Middle Nile Valley during the Bronze Age. 

57 Dellefant et al. 2023.
58 Dott 1964; Pettijohn et al. 1987.

59 Temple 1966; Anand and Gikkes 1984; Dellefant et al. 
2024.

60 Mücke and Bhadra Chaudhuri 1991.
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Again, the aim is to underline the added value of ar-
chaeometric analyses for the cultural understanding 
of human-environment relationships.

4.1 Bronze Age contact spaces in the MUAFS 
concession area
Overall, based on the material culture from Attab 
West 001, its general characteristics and especial-
ly its location within the ancient landscape, the 
site was most likely a control post for trade, gold 
transport and possibly for communication between 
hinterland communities and the newly established 
Egyptian centre on Sai Island.61 With its mix of 
material culture, including large amounts of Nu-
bian-style ceramics as well as in-between vessels 
(combining both the Egyptian and the Nubian tra-
ditions), Attab West 001 seems to have functioned 
as a seasonal market and meeting place for vari-
ous groups, including mobile communities. When 
discussing the exchange of commodities, the im-
portance of semi-nomadic and nomadic groups is 
sometimes neglected in archaeology. Furthermore, 
the location of Attab West 001 on a former island 
and the past riverscape both need to be considered 
— it is possible that the site was only accessible 
during certain periods, increasing the likelihood of 
either short-term or seasonal use. To fully assess 
this, the immediate surroundings of the site still 
need to be further investigated, especially for the 
presence of other Bronze Age remains. The possi-
ble correlation between what seems to be a sudden 
abandonment of the site and changes in the water-
scape caused by increased aridity (and the possible 
drying up of the Nile channels around Attab West 
001) also needs to be investigated in more detail. A 
similar interpretation has already been proposed for 
a later phase at Amara West. This would contribute 
to discussions on the so-called Northern paleochan-
nel of the region.62

In addition to Attab West 001, the mapping of 
numerous dry-stone walls similar to the one south-
east of the excavation at Attab West 001 adds new 
information to the ancient use of the district of At-
tab.63 The features, which are not a complete record 

of all the stone walls present, already show a clus-
tering in three main areas: along the west bank of 
the modern Nile, in the main paleochannel west of 
site Attab West 00264 and in a wadi running north-
east to south-west between Attab West 001 and At-
tab West 002. This could be related to the function 
of the walls and the former riverscape during the 
Bronze Age.65

The sites excavated and the dry-stone walls 
mapped so far in Attab West reveal the spatial and 
temporal dimensions of the landscape66 for the 
Bronze Age communities living in this district. 
The environmental conditions of this region have 
changed significantly over time. Woodward and his 
team have already shown that the New Kingdom 
was a time of significant environmental change, 
in particular with the water channels in the region 
drying up.67 In the MUAFS concession, this will be 
further investigated along the large paleochannel in 
the districts of Attab and Ginis. For the time being, 
it is important to visualise the landscape during the 
period of use of sites like 2-R-18 and Attab West 
001 and 002 as crisscrossed by old Nile channels 
and the aforementioned sites being located on is-
lands — possibly seasonal islands during the flood-
ing season.68

Our investigation of the spatial structure and 
function of the dry-stone walls in Attab is still pre-
liminary but can be placed in the context of recent 
research.69 The recently published analysis of river 
walls, known as groynes, in the Amara West region 
was an attempt to reconstruct the long-term land-
scape history and practice of hydraulic engineering 
in the region.70 Similar to that study, we also ob-
served a wide variety of building materials, tech-
niques, forms and orientations in the landscape, 
including flat and upright stone stacking, as well as 
coursing with and without rubble interiors. These 
particular architectural dry-stone techniques appear 
to have been used by Nubians across many time pe-
riods71 and are also present at gold working sites 
such as Duweishat.72 In the MUAFS concession 
area, the arrangement of the walls associated with 
Kerma sites along, and within, the paleochannels 

61 Budka 2022.
62 See Woodward et al. 2017; Dalton et al. 2023.
63 For a map of these walls in the Attab West district see Budka 

et al. 2023, 33, fig. 20.
64 Budka et al. 2023, 24–26.
65 See, most recently, Budka et al. 2025.
66 Cf. Ingold 1993.

67 Woodward et al. 2017; see also Stevens and Garnett 
2017.

68 Stevens and Garnett 2017, 303.
69 See also Budka et al. 2025.
70 Dalton et al. 2023.
71 Liszka 2017, 41.
72 Edwards and Mills 2020, 406−407.
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suggests that they may have served as wadi flood 
walls linked to activities such as agriculture and 
gold mining.73

Since we have material evidence to suggest that 
several sites in the MUAFS concession, including 
Attab West 001, were connected to the ancient gold 
mining industry (based on the findings of quartz 
flakes, stone hammers and grinding stones on the 
sites), the area is well suited to reconsider past ap-
proaches to gold mining in the Middle Nile. We 
suggest that we need to imagine well-established 
concepts of co-option and cooperation between 
Egyptians and Nubians for gold mining through 
the centuries, both in the Nile Valley and in the 
desert.74 Similar concepts have been proposed for 
other technologies such as faience production75 or 
copper production,76 emphasising the need to focus 
on taskscapes and contact space biographies rather 
than studying Egyptian mining and quarrying activ-
ities or metallurgy in Kerma in isolation.

The diachronic distribution of sites in the 
MUAFS concession allows a preliminary recon-
struction of a dynamic hinterland of Sai Island dur-
ing the Bronze Age. The periphery of Sai during 
the 18th Dynasty, when the island was not only 
the administrative centre of the region but also the 
main sandstone quarry of the region and a gold dis-
tribution hub,77 is similar to the situation in Kerma 
times. Major changes are evident in the Ramesside 
period when the new urban site of Amara West was 
built and the peripheral riverine system modified 
— in particular along the large paleochannel in the 
district of Attab, where at present no New Kingdom 
sites later than the mid-18th Dynasty are attested. 
This confirms a fluid notion of centre and periphery 
in the Middle Nile during the Bronze Age, which 
was influenced as much by the changing landscape 
as by political changes.

4.2 Ceramic production and technology in the 
MUAFS concession area 
The results of our multidisciplinary collaborative 
study of ceramics and their complete chaînes opéra-
toires presented herein, although still in a prelimi-
nary phase, allow the formulation of a comprehen-
sive understanding of the technology of ceramic 
production in this region. One which is historically, 

environmentally and culturally complex and which 
presents several challenges to the conventional ar-
chaeological theoretical approaches to the study of 
materiality.

As previously observed in the study of ceram-
ic assemblages from Sai Island and Dukki Gel,78 
there is typically no notable distinction between 
Egyptian-style and Nubian-style productions in the 
selection of raw materials. Indeed, bulk chemical 
analysis reveals that these ceramics are rather ho-
mogeneous, reflecting the general compositional 
uniformity of alluvial Nile clays. Additionally, this 
evidence suggests a profound familiarity with the 
region’s geography and a reliance on locally availa-
ble and relatively timeserving raw materials, rather 
than culturally specific expertise or an adherence to 
traditional clay selection practices.

Our initial XRD data from the MUAFS area 
further corroborates this picture. Group C indicates 
that the same clay was likely used across a diverse 
range of traditions as well as for producing various 
shapes and wares, such as wheel-made, hand-made, 
coiling, basketry and black-topped vessels. This 
may be indicative of an open and rather permeable 
technological and social context of collaborative ef-
forts, connections and shared tasks among multiple 
individuals, possibly of both Egyptian and Nubian 
backgrounds, living, making and using their pottery 
side by side — resulting, among others, in new hy-
brid versions. It is particularly noteworthy that this 
trend appears more accentuated in a rural and mar-
ginal region, such as the area under investigation 
between the districts of Attab and Ferka, than in an 
urban context like Sai Island.

Furthermore, it is interesting to observe that ex-
ceptions to this general rule are primarily cooking 
wares, both of Nubian (XRD group A) and Egyp-
tian (XRD group B) tradition, as well as a few spec-
imens referring to specific bread plate and bread 
mould fabrics, and a small number of Pan-Grave 
types. These samples tend to cluster together and 
differ from the broader and more heterogeneous ce-
ramics from group C.

Overall, the differences found in the mineral 
composition of these groups (in particular the pres-
ence/absence of chlorite and smectite) could be due 
to a different origin of the raw material (possibly 

73 Budka et al. 2023, 31.
74 Budka 2024c.
75 See Minor 2023.

76 See Rademakers et al. 2022.
77 See Budka 2020b, 403–404, 407.
78 Cf. D’Ercole 2024, 216–217.
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local for the majority of ceramics belonging to 
group C, and otherwise allochthonous for the Nu-
bian cooking ware and some Pan-Grave types from 
group A, as well as for the Egyptian cooking ware 
from group B).

Another explanation for the presence/absence of 
chlorite could be that chlorite only occurs in coarse 
fractions in the raw material. Finally, it is possible 
that the firing temperatures for the various ceramics 
were not the same and thus this affected the inci-
dence of certain mineral phases, i.e., most likely 
higher temperatures for the Egyptian-style pottery 
from groups B and C than for the Nubian-style 
cooking ware from group A.

Similarly, preliminary results from Raman spec-
troscopy indicated that there is a difference in the 
firing temperatures between Egyptian-style (typi-
cally higher temperatures due to the oxidative at-
mosphere in kilns) and Nubian-style (lower temper-
atures due to the reducing firing environment, most 
likely in open fires) vessels.79

Other differences relate to the use of temper-
ing agents. Nubian-style pots, in particular, appear 
rich in organic tempers. These were added both in 
the form of herbivore dung and vegetable ash (fine 
ware) and as straw or chaff (coarse ware).80 The ad-
dition of feldspathic sand, on the other hand, seems 
to be exclusive to the manufacture of specific Egyp-
tian-style cooking pots. Finally, as observed at Sai 
Island, many Nubian potsherds contain micrite or 
carbonate mudstone, which may have been added 
to improve the performance of the coarse cooking 
ware.

Despite these differences, our current proposal, 
based on our multidisciplinary study of ceramics 
and their complete chaînes opératoires as well as ar-
chaeological evidence, is that during the New King-
dom — the colonial era of cultural entanglement 
with differing regional responses — there were no 
culturally specific pottery workshops especially in 
rural contexts such as the region of Attab to Ferka. 
Rather, there would have been a single local work-
shop in which different styles and types of pottery 
were produced, likely together, of Egyptian-style, 
hybrid and Nubian-style pottery (as reflected in the 
heterogeneity of styles/traditions of the ceramics of 

our XRD group C). As a result, it is possible that 
certain stages of the manufacturing sequence took 
place simultaneously without a significant distinc-
tion between the Egyptian and Nubian traditions. 
In such an ‘open’ and shared production context, 
Egyptian and Nubian potters would easily have 
been able to copy and positively influence each 
other.81 This could include the replication of key 
decisions such as the choice of raw materials and 
preparation or production techniques where these 
seemed appropriate to the functionality of the ves-
sels (or were simply visually appealing).82 This 
eventually led to the simultaneous production of 
pottery in both Egyptian-style (wheel-made) and 
Nubian-style (hand-made) during the Napatan pe-
riod in the Middle Nile Valley.

4.3 Nubian sandstone quarrying on Sai Island
Mineralogically, all samples of Nubian sandstone 
from Sai Island show significant similarities, such 
as mineralogical matrix composition (Fig. 10c, d) 
and Fe-Ti-oxide assemblage (Fig. 10e-h), which 
implies that they may have been sourced from sim-
ilar or identical stratigraphic units. The comparably 
small amount of feldspar is interpreted as a result of 
extensive weathering before or during deposition. 
The matrix in the sandstone samples, dominated 
by kaolinite and illite, provides insights into the 
diagenetic history of the rocks. The formation of 
kaolinite (Fig. 10c, d) is typically associated with 
feldspar alteration, which occurs during weathering 
or early diagenesis.83 The presence of illite (Fig. 
10d), a secondary clay mineral, likely formed un-
der more advanced diagenetic conditions, suggests 
that the sandstones experienced moderate to deep 
burial diagenesis.84 Fe-Ti-oxides can generally be 
used to estimate the temperature and oxygen fugac-
ity conditions during their genesis in the later stages 
of their magmatic origins in depth85 and can thus 
serve as provenance proxy. The presence of only 
ilmenite and its alterations products (Fig. 10e-g) as 
well as primary rutile and hematite throughout the 
examined Nubian sandstones (from Temple A and 
the ancient quarries) suggests that the sediments 
could be derived from a single magmatic source86 
and, therefore, from the same sedimentary unit. 

79 Dellefant et al. 2023.
80 Dellefant et al. 2023; D’Ercole forthcoming.
81 For Nubian pottery as integral part of the New Kingdom pot-

tery corpus from Sai see most recently Budka 2025b.
82 Cf. D’Ercole 2024, 217.

83 Huertas et al. 1999; Lanson et al. 2002; Dill 2016.
84 Ehrenberg et al. 1993.
85 Hou et al. 2021.
86 Lindsley 1991.
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However unlikely, it might also be possible that 
multiple magmatic sources — which experienced 
similar late-stage temperatures and oxygen fugacity 
conditions — contributed to the composition of the 
sediment.

In terms of provenance analysis, we conclude 
that, although the sandstones from Temple A and 
the quarries are mineralogically similar, precise 
matching of quarries to specific temple blocks re-
mains inconclusive. This might be due to the ho-
mogeneity of the sandstone compositions across 
different locations on Sai Island. The difference 
between samples from Temple A and the quarries 
regarding grain sizes and colours suggests that the 
ancient Egyptian builders likely engaged in selec-
tive quarrying to obtain more uniform (moderate 
sorting and grain sizes ranging from 250µm to 
310µm [cf., Figure 10a, b]) and visually appeal-
ing stones for Temple A’s construction. They may 
have followed a reference standard to ensure the 
aesthetic consistency of the building materials. 
Since there are hieroglyphic texts on ‘white stone’ 
from Sai that are associated with other New King-
dom temples further north in Nubia,87 it is likely 
that the sandstone from Sai Island was well known 
and might have been widely exploited as a building 
material.

5. Conclusions and outlook

Through the DiverseNile project’s bottom-up 
approach of ‘contact space biographies’, the es-
tablished categorisation of sites and activities as 
‘Egyptian’ or ‘Nubian’ can be challenged, and the 
study of intercultural encounters in the Middle Nile 
Valley, but also elsewhere, can be revisited. This 
paper’s case studies from recent investigation of 
landscape properties within the MUAFS conces-
sion area and their associated material remains, 
enhances our understanding of the significant eco-
logical and social transformations in the Middle 
Nile. Aspects of acceptance, appropriation and ig-
norance/rejection of Egyptian cultural symbols are 
traceable for all the indigenous groups in the re-
gion, the so-called Kerma culture, the C-group and 

the Pan-Grave.88 The in-depth study of sites such as 
Attab West 001, particularly a detailed analysis of 
their material culture, can help us to better under-
stand the complex networks of rural communities 
in the Middle Nile Valley and their relationships 
with the inhabitants of more central sites such as 
Sai or Amara West, also reflecting the fluid notion 
of centre and periphery in the Middle Nile of the 
Bronze Age.89

It is, therefore, time to conduct archaeological 
research in the Nile Valley in a truly interdiscipli-
nary framework, taking advantage of a combination 
of methods and approaches. With the DiverseNile 
project, we want to illustrate the fundamental ne-
cessity of including social practices, communities 
and the subsistence strategies of marginal regions 
in Egyptian and Sudanese archaeology, in order to 
understand the complexity of cultural processes and 
encounters. The analytical approach used in this 
case study of the Attab to Ferka region is applicable 
to other regions of the world.

The concept of an ‘archaeology of interaction’90 
appears in many respects to be crucial for under-
standing the social aspects of the Middle Nile — for 
example of gold mining, but also of many other ac-
tivities. The already culturally diverse communities 
living along the Nile, which included both Nubians 
and Egyptians especially during the Bronze Age, 
were also in close exchange and contact with no-
mads and semi-nomads, and the gold business was 
probably a cooperative activity involving different 
groups for thousands of years. Similar cooperations 
are to be expected for agriculture and farming, on 
which the use of dry-stone walls as wadi flood walls 
in the MUAFS region may shed light.

As a novel methodological approach in archaeol-
ogy, Raman spectroscopy facilitates understanding 
the effects of temperature conditions on ceramics,91 
which allows conclusions to be drawn on technol-
ogies, raw materials and more. However, there are 
currently major problems with the use of Raman 
spectroscopy on charcoal to assess maximum firing 
temperatures, especially with the laser calibration. 
Various Raman laser calibrations and methods exist 
for reconstructing the maximum heating temperature 

87 For details including the specific hieroglyphic texts see Ull-
mann 2020.

88 See, e.g., Näser 2013; Williams 2014; Budka 2020a and 
most recently de Souza and Schröder 2025.

89 Cf. Stein 2002, also Budka et al. 2025 with references on 
an updated assessment of the outdated model of core and 
periphery.

90 Knappett 2011; see also Näser 2012.
91 Dellefant et al. 2023.
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92 McDonald-Wharry et al. 2013; Guizani et al. 2017a, 
2017b; Deldicque et al. 2023.

93 Dellefant et al. 2023.

94 Deldicque et al. 2023.
95 Dellefant et al. 2023.

of charcoal,92 consistently showing an increase in 
HD/HG ratios and a corresponding decrease in 
HV/HD and HV/HG ratios. However, no calibra-
tion is available for the 532nm wavelength, which 
provides the best signal-to-noise ratio compared 
to 638nm and 785nm.93 Additionally, Deldicque 
and colleagues recently documented that oxidative 
weathering can alter charcoal, potentially leading 
to inaccurate firing temperature interpretations.94 
Weathering typically begins at surfaces and along 
fractures, likely causing the data scattering observed 
by Dellefant and colleagues95 (Fig. 6f, g), which 
we aim to statistically characterise as a weathering 
indicator. To determine absolute maximum firing 
conditions using the 532nm Raman wavelength, we 
will produce synthetic charcoal samples at tempera-
tures from 400°C to 1200°C and quantify their HD/
HG ratios to create a calibration. 

We, moreover, plan to publish an automated data 
processing tool to check for weathering and inter-
pret maximum firing temperatures from unweath-
ered Raman data. As a result, the novel method will 
be more accessible, especially for those inexperi-
enced with Raman data processing, and therefore 
contribute to the archaeological understanding of 
ceramic production in its broader social and envi-
ronmental context.

Further results from the DiverseNile project are 
expected in the near future. For example, XRD will 
be applied to additional samples and both INAA 
and Raman investigations on the pottery from the 
MUAFS concession are still in progress. It can al-

ready be said that the human-environment interac-
tions such as quarry activities, wadi flood walls, 
gold mining and the reconstruction of the ancient 
landscape in the area between Attab and Ferka can 
be better understood thanks to our methodological 
approach of contact space biography and a range of 
archaeometric investigations. Above all, it is clear 
that such human-environment interactions devel-
oped dynamically during the Bronze Age.
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