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a b s t r a c t

Two of the oldest synthetically produced and most widespread pigments employed in the decoration of
ancient polychrome artifacts are Egyptian blue, a vitreous blue compound, and madder lake, a hybrid
organic-inorganic composite. Both of these pigments are known to be photoluminescent after electronic
excitation by photons in the visible and re-emission of photons in the near infrared (NIR) and visible (Vis)
respectively. The emissions of Egyptian blue are typically due to d-d electronic bands and for madder
lake generally due to p-p* type transitions. In this research, the photophysical properties of these two
pigments were examined by means of forensic photography. The usefulness of this type of imaging is
based on the properties of Egyptian blue and madder lake in exhibiting characteristic near infrared and
visible emissions when excited by red and green light respectively providing reliable fingerprint markers
for their identification and mapping. To probe and capture the characteristic excitation and emission
photon energies of Egyptian blue and madder lake an alternate light source (ALS) and a modified digital
single-lens reflex (DSLR) camera with suitable optical filters were employed in the examination and
analysis of two Canosa polychrome terracotta vases from the J. Paul Getty Museum collection dated to the
third century BCE. Reference materials and supplementary analysis by fiber optic reflectance spectros-
copy (FORS) and X-ray fluorescence (XRF) spectroscopy were used for verification.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Photographic techniques to record (roughly between 350 and
1100 nm) the reflectance and luminescence properties of materials
in works of art and map their spatial distribution are well estab-
lished in the fields of conservation and archaeometry [1e19]. These
are often used to aid to the legibility of the surface and subsurface

and to help identify features not visible to the naked eye providing
useful information in the attribution and classification of artifacts
and informing analytical and conservation protocols. In recent
years, visible-induced near infrared (NIR) luminescence photog-
raphy [20,21] has become a standard technique in the examination
of ancient paintings and sculptures to identify and map the pres-
ence of Egyptian blue, a ceramic blue pigment that has found
extensive use in the Old World [22e41]. In contrast, the high
photoluminescence yield in the visible (red region) with visible (lex
~500e550 nm) photoexcitation of madder lake [42,43], a ‘luxury’
red colorant from the plant of the family of Rubiaceae, which also
predominated the Old World [44e52], has not been fully exploited.
Most commonly, ultraviolet (UV)-induced visible fluorescence is
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performed in the examination of paintings and objects to reveal the
presence and spatial distribution of madder lake. However, while
this photographic technique is able to capture the photo-
luminescence of this colorant with a characteristic orange color
[53,54], the strong absorption of ultraviolet radiation and emission
of light in the visible by many other organic compounds, such as
binding media and other colorants often present in a paint film, or
certain colored coatings and conservation materials applied at the
surface and subsurface can obscure its discrimination.

In this paper we present a field application for the detection and
mapping of Egyptian blue and madder lake on ancient polychromy
using visible-induced visible and NIR luminescence photography.
This technique is adapted from forensic applications to support
non-invasive on site investigations in art and archaeology neces-
sitating unbiased characterization arising from concerns of
authenticity and cultural context of archaeological polychrome
artifacts without having tomove the objects or take any samples. As
proof of concept, this research examines two polychrome south
Italian third century BCE Canosa vases (accession numbers
81.AE.156 and 81.AE.157) from the J. Paul Getty Collection (Fig. 1)
painted with Egyptian blue and madder lake. To our knowledge,
this is the first time that the characteristic visible excitation and

visible emission photon energies of madder lake are exploited us-
ing forensic photography in archaeometry and archaeological
forensics.

1.1. Photoluminescence photography

Photoluminescence is a form of luminescence (emission of light)
following photoexcitation (excitation by photons) of shorter
wavelength than that of the emission. In this paper, the phenom-
enon of photoluminescence based on radiation emitted by matter
in the visible (~400e700 nm) when excited by radiation in the
ultraviolet (UV) will be referred to as ‘UV-induced visible fluores-
cence’ (to use well-established terminology); ‘visible-induced (Vis-
) visible (Vis) luminescence’ when excited by visible radiation of
shorter wavelength (i.e. green) and captured in the visible, however
of a longer wavelength (i.e. red), and ‘visible-induced (Vis-) near
infrared (NIR) luminescence’, when emission of radiation in the
near infrared occurs with excitation by electromagnetic radiation in
the visible.

Fig. 1. Canosa Vases 81.AE.156 (a) and 81.AE.157 (b) from the J. Paul Getty Museum collection in front, side and back views with surviving visible polychromy mainly in the frontal
part and sides.
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