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Abstract

Many stone artefacts from antiquity—including stelae and statues—were frequently decorated with vivid colours. Today,
these have mostly faded or entirely disappeared, being no longer visible to the human eye. This case study explores
several non-invasive methods to monitor, detect, and identify the traces of ancient Egyptian pigments on a limestone
medium, particularly focusing on Egyptian Blue. The selected object is a fragment of a limestone stela decorated with
an incised and coloured offering scene, dating to the early New Kingdom (ca. 1550-1292 BcE). The applied methods
are reflection photography, visible-induced infrared luminescence (VIL), white light multi-light reflectance (WL MLR),
and mobile X-ray fluorescence spectroscopy, both point (pXRF) and mapping (p-uXRF). The applied techniques, which
vary in user complexity and user accessibility, substantiate the presence of the Egyptian Blue pigment and others on
the relief when used all together, but equally indicate how the methods can be used separately for the same purpose.

Keywords: Egyptian blue, limestone stela, pigments, visible-induced infrared luminescence (VIL), energy dispersive
X-ray fluorescence (ED-XRF)
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1 Introduction

Art-technical and material studies on heritage objects, and certainly those in museum collections, often only
authorise non-touch and non-destructive examinations. This study explores several non-invasive methods
to detect, identify, and monitor an object’s materiality, in particular on a limestone medium. Limestone, an
easily workable sedimentary rock widespread in the Nile Valley and Eastern and Western Egyptian deserts,
was primarily used as a building material, but also abundantly for carved objects such as stelae, statues, and
reliefs (AsTon et al., 2000: 40-42). In some cases, a layer of lime is applied before painting, while in others,
the paint goes directly onto the finished stone surface. For the latter, the high porosity of limestone allows
for penetration of pigments, which, depending on used binders, ground, and environmental conditions, may
improve their preservation. This study examines how Visible-induced Luminescence (VIL) and X-Ray Fluor-
escence (XRF) techniques, separately and combined, can contribute to detecting faded or visually indiscernible
traces of Egyptian Blue. It centres on the examination of a fragment of an ancient Egyptian limestone slab,
measuring 95x95x38 mm (KU Leuven, ancient inv. N°563, ARO000004). The original surface was finished
straight and flat—fine chisel marks are visible—and was decorated with an offering scene in shallow raised
relief. The relief fragment is the lower right part of a limestone offering stela; the left and upper edges are
lost. The stela, an example of an object category common in Egyptian archaeology, was originally decorated
in vivid colours. The back of the fragment is roughly shaped.

The scene on the front depicts a male figure, whose skin still bears traces of red pigment, standing in front
of an offering table (Figure 1). The man faces left and raises his right hand. He wears a knee-length short
kilt with a long over-kilt and a plain, rounded collar. In his left hand, he holds a folded cloth. Above his right
hand, the remnants of two incised hieroglyphs are visible, hpr (§, Gardiner L1) and r (<, Gardiner D21). The
location of the hieroglyphs suggests that these are part of the name of the depicted person. The table is piled
with goods, the bottom layer counts two round loaves of bread, with an oblong loaf in between. Underneath
the table, a beer jar on a stand is depicted near the standing figure. The outlines of a second jar are traced
on the other side of the table. On the right side, part of the frame surrounding the scene is still visible. The
background was originally covered in a yellow pigment. Based on the iconography, the stela dates to the early
New Kingdom, ca. 1550-1292 BCE (cf. Oriental Institute E11455 in BANDY, 2020, Louvre E17402 in VANDIER,
1951: 63, Louvre E20237 in MALEK, 2012: 164-165).

The provenance of the archaeological object cannot be determined with certainty. On the right side of
the object, a note in ink mentions ‘Karnak’. However, it remains uncertain whether this refers to the location
where the object was discovered or where it was acquired. A round label next to it identifies the object as
‘563’. This type of label is found on many objects known to have been part of the university’s collections of the
‘Museum voor Oosterse Oudheden’ / ‘Musée Oriental’ / ‘Museum Egyptische en Voor-Aziatische Archeologie’,
which was installed during the Interbellum (i.e. from 1927 until it was heavily damaged during bombing raids
in 1944) on the second floor of the University Hall in Leuven (DANCKERS & VAN DEN DRIESSCHE, 2022: 56,
61-62). The use of this label format confirms that the object was registered in the collection at some point in
this period, between 1927 and 1944. Furthermore, the stela appears under the same inventory number in the
archival documents on the division of the collection, drafted on 2 May 1974, when half of the collection was
moved to the University of Louvain-la-Neuve.

On the surface of the stela, remnants of red and yellow pigments are still visible with the naked eye. The
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subject matter suggests that certain details, such as the rounded collar of the man, could originally be coloured
blue, though remnants of a blue pigment are no longer visible. Therefore, this limestone fragment was selected
to examine, non-invasively, the presence of pigments with a selection of visualisation and analytical methods.

2 State-of-the-art

Combining reflectance photographic representations with luminescence and spectroscopic techniques and/or
other technical and analytical research methods to study and understand the (artistic) materiality of archae-
ological finds is a well-trodden path exemplified by a countless number of published studies. Focusing first on
the methods used in this contribution, the use of Multi-Light Reflectance (or Reflectance Transformation Ima-
ging) techniques has been widely explored and positively evaluated for the documentation and understand-
ing of surface topography, tool marks, and materiality (P10UETTE, 2016; SEROTTA, 2023; HAMEEUW et al.,
2023). The same applies for VIL, that has been demonstrated both outside Egyptian archaeology and art-
technical studies, such as for the Parthenon sculptures (VERRI et al., 2023), Neo-Assyrian gypsum reliefs
(TrAvAPALAN et al,, 2016) and more specifically on a variety of ancient Egyptian objects and monuments,
among many see WisemAN et al. (2023) and DveEr and NEwmAN (2020). Limestone media have been ex-
amined with analytical methods in a combination of non-destructive techniques such as multispectral ima-
ging and XRF, and destructive techniques such as laser ablation and micro X-ray powder diffraction (see
HEDEGAARD etal, 2019; CAvALERT et al,, 2021; RaMADAN et al., 2022). On a larger scale, analytical applic-
ations are diverse, with research teams often applying a wide range of available methods, as shown in these
studies on Roman mummy portraits: SALVANT et al. (2018) and RapPoUR et al. (2022). In recent years, the
use of chemical imaging techniques for the study of polychrome objects and surfaces has seen a steep rise.
XRF-mapping was used to investigate in situ wall paintings (on plastered limestone surfaces) in the Theban
necropolis in combination with photography (MARTINEZ et al., 2023), showing the potential for the tech-
nique in the field. The combination of Reflectance Imaging Spectroscopy and XRF was evaluated, equally on
wall paintings, in 2018 (ALFELD et al., 2018). In similar rock tomb conditions VANDENABEELE et al. (2009)
conducted an archaeometrical survey combining photographic VIS and UV techniques, XRF and various spec-
trometry and Raman spectroscopy techniques; equally, Hussein MArEY and PapanporouLou (2013) ap-
plied an extensive range of techniques to analyse pigments in tomb wall paintings. These are examples of
high-profile multi-modal efforts, requiring extensive multi-disciplinary teams. For the study of the limestone
stela discussed in this contribution, a targeted selection of mid-end and high-end visualisation and analytical
techniques was applied, aimed specifically at redetecting pigments that are no longer visible with the naked
eye and their relation to the engraved offering scene. The research infrastructure is also characterised by its
full portability, which allows for on-site analysis.

3 Methodology

The applied methods are reflection photography, visible-induced infrared luminescence (VIL), white light
multi-light reflectance (WL MLR), and X-ray fluorescence elemental analysis, both point (pXRF) and mapping
(p-uXRF). The chemical elemental XRF examinations are assessed in relation to the visible appearance of
the relief as registered with the colour calibrated reflection still image. The relief was also examined using
the White Light Multi-Light Reflectance (WL MLR) technique to elaborate the surface topography, reveal
tool-marks and damages, and make an abstraction from post-production discolourations (Figure 1). Digital
microscopy was performed using a Dino-Lite (Model AD4113T, with onboard UV and external white light). As
the results did not reveal any pigmentation beyond what was already visible to the naked eye—and provided
no added value within the context of this study relative to the high-resolution reflection and multi-light
reflectance images—this data is not discussed further below. A combined use of the applied techniques, which
vary in user complexity and user accessibility, allows the detection of the Egyptian Blue pigment on the
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