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Abstract
Egyptian blue (CaCuSi4O10) is one of the most ancient artificial pigments, widely used in ancient times. Its peculiarity is an
exceptional infrared emission upon visible excitation, allowing an easy and non-invasive diagnostic through the so-called visible-
induced luminescence (VIL) technique. Usually, it requires total absence of infrared parasitic light, highlighting areas in which
the pigment is present even in traces. In this report, we propose the introduction of a small portion of IR parasitic light as spatial
reference for locating Egyptian blue on analyzed object. In VIL modality, the contemporary reflectance transformation imaging
(RTI) and 3D photogrammetric model reconstruction were performed with the final 3D rebuilding of surface, morphology, and
pigment distribution. We demonstrated the possibility to perform VIL and 3D photogrammetry without opening the conservation
case that is extremely important by a conservation point of view, avoiding any microclimatic alteration, compatibly with the
minimum invasiveness (absence of contact and displacement of the object).
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Introduction

Egyptian blue is one of the most ancient artificial pigments,
first produced during the Egyptian pre-dynastic period (~
3200 BC, (Corcoran 2016)) and then widely diffuse during
the 4th Dynasty (Berke 2007; Hatton et al. 2008). It was used
in all Mediterranean basin (Linn et al. 2018), including
Ancient Greece (Berke 2002), Etruscan civilization (Alfeld
et al. 2018), Roman Empire (Miriello et al. 2018; Piovesan
et al. 2011), Spain (Mateos et al. 2018), and also during the
Medieval period (Bredal-Jørgensen et al. 2011; Lazzarini
1982; Nicola et al. 2018). Its stoichiometry is CaCuSi4O10

(corresponding to the natural mineral cuprorivaite), obtained

by mixing CaCO3, silica sand, a copper mineral (generally
malachite or copper metal), and a flux based on potassium
or sodium salts (Giménez et al. 2017) and heating at 850–
950 °C (Berke 2007). The so-synthesized compound is a pow-
der with a characteristic and intense blue color. The peculiarity
of this pigment is that, upon excitation in the visible region of
electromagnetic spectrum, it shows a broad emission in the
infrared region (centered at ~ 950 nm; full width at half peak ~
120 nm) (Accorsi et al. 2009; Ajo et al. 1996; Pozza et al.
2000). The emission is high, reaching a quantum yield of ~
10% (Berdahl et al. 2018), underlining an excellent
manufacturing technology of five thousand years ago. These
properties allow its identification through photo-induced lu-
minescence that can be applied directly in situ, obtaining a
spatially resolved imaging of the pigment onto artifacts
(Smith et al. 2009; Verri 2009) even in traces (Verri et al.
2010). The technique, called visible-induced luminescence
(VIL), uses a digital camera (to which the IR cut filter has
been removed) to acquire Egyptian blue response (Chiari
2018) and common irradiation source, such as photographic
flashes or LED lamps, to irradiate the sample: the former
sources possess a considerable IR part that should be ade-
quately filtered; on the contrary, LEDs emit in narrower range
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with a considerable less IR component. VIL requires absence
of parasitic light for acquiring only infrared luminescence
produced by areas characterized by the presence of Egyptian
blue, while the rest of the subject remains completely dark and
undetectable by the CCD sensor of the modified camera
(Fig. 1). Hence, the irradiation source is often shielded by
one or more IR cut filters to reduce the parasitic light induced
by the experimental setup; as anticipated, the effect is mitigat-
ed also using LED’s source that have a reduced IR emission
(Verri 2009). At the same time, the camera lens mounts a UV–
VIS cut filter to prevent the ambient and visible excitation
source light to reach the camera sensor. Interestingly, the in-
troduction of infrared parasitic light allows to redefine the
spatial description, accepting spurious images as a result
(Verri 2009). Indeed, parasitic light can be exploited for 3D
reconstruction and reflectance transformation imaging (RTI)
(Garstki 2017). RTI constitutes a straightforward technique
developed by T. Malzbender et al. (Malzbender et al. 2001)
that found immediately application in Cultural Heritage inves-
tigation and conservation (Newman 2015). Briefly, RTI con-
sists acquisition of several images with the same framing and
distance from the subject at different illumination angles
(Mytum and Peterson 2018). A spherical reference, put inside
the camera view field, shows the direction of provenance of
irradiation. From the comparison between the images, a nu-
merical mapping of the surface normals is processed,

optimizing the visualization of the morphology and producing
customized illuminations based on the mapping itself. This
technique is easily adapted to the infrared field, but in the
VIL context, it clashes with the difficulty of catching the re-
flection of the sphere and describing the portions of the sur-
face without Egyptian blue. In this work, we propose the in-
troduction of a portion of infrared parasitic light allowing the
contemporary VIL and RTI acquisition. The RTI in VIL mode
integrates the morphological data with the spatial localization
of Egyptian blue on the artifact. The 2D-VIL image usually
does not allow the interpretation and analysis of the brush
strokes, e.g., regarding the deposition technique or the mor-
phological aspect of the surface. Different from the common
RTI performed using visible light, the high luminescence of
Egyptian blue can be exploited for its identification even in
traces. Consequently, the use of the RTI in VIL mode allows a
better diagnostic study of this pigment because it identifies
both its spatial location on the artifacts and allows the identi-
fication of the technique used for its deposition. Moreover, the
artifact’s surface is well identified, especially in the case of a
rough surface as wooden statuettes and sarcophaguses are.
The amount of infrared parasitic light purposely introduced
for the RTI in VIL mode was modulated using from one to
three UVIR cut filter in front of the excitation source, and it
was quantified basing on RGB value obtained during software
elaboration.

In this paper, we described the operative conditions to ob-
tain VIL and RTI or 3D photogrammetry both in VIL mode.
The experimental set-up was firstly tested on ancient Egyptian
statues (preserved at the Museo Egizio di Torino, Italy) in VIL
and RTI acquisition. The contemporary VIL and 3D photo-
grammetry (Miles et al. 2014) was carried out on
Pasherienaset’s sarcophagus (preserved at the Ligurian
Archeological Museum in Pegli, Genoa, Italy). In this latter
case, due to the allocation of the artifact in the center of the
exposition room, the analyses were performed Bthrough the
glass^, i.e., without opening the conservation case, thus, min-
imizing the diagnostic invasiveness.

Materials and method

Ptha-Sokar-Osiris’s statues and Pasherienaset’s
sarcophagus

The statues represent the divinity of Ptha-Sokar-Osiris, born
from the union of three deities: Ptha, god of craftsmanship and
Memphis’s deity, Seker, god with the head of a hawk, and
Osiris, god of death. For this union, the divinity is often rep-
resented as a standing mummy, with a horned crown or with
the head of falcon. The statues, from different Egyptian pe-
riods, are preserved at the Museo Egizio in Turin (Italy):
Ptolemaic era, 332–30 BC (Fig. 1); XXV–XXXI Dynasty,

Fig. 1 Visible (left) and visible-induced luminescence (right) images of
Ptha-Sokar-Osiris’s wooden statue (Ptolemaic era, 332–30 B.C. Cat. N.
Provv. 0097, Torino, Museo Egizio). In VIL acquisition, white spots
indicate Egyptian blue presence
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712–332 BC (?) (Fig. 2); XXI Dynasty, 1070–946 BC (from
Khaemuaset-QV 44 and Setherkhepshef-QV 43 tomb Fig. 5).
To the best of our knowledge, no diagnostic analyses have yet
been performed on these artifacts.

Pasherienaset’s sarcophagus comes from Efdu (Na gel-
Hassaia) and it’s preserved in the Ligurian Archeological
Museum in Pegli (Genoa, Italy). The sarcophagus is anthro-
poid, or mummiform, because it reproduces ideally the
embalmed body of the dead. The sarcophagus is sumptuously
decorated and made up of a bed on which there is an ephem-
eral reproduction of Egyptian blue and a cover decorated and
embellished with several colors. Inside, Pasherienaset’s mum-
my (first half of XXVI Dynasty, 664–525 BC) is preserved.
Preliminary X-ray fluorescence (XRF) analyses identified the
presence of the Egyptian blue, malachite, orpiment, red ochre,
and gypsum in the blue, green, yellow, red, and white spots,
respectively (Cortese and Rossi 2008; Franceschi and Locardi
2014).

Acquisition set

Acquisition set is composed by a Nikon D800 UVIR-
modified camera equipped with 50-mm AF-S NIKKOR 50-
mm f/1.8G objective with a B+W 093 IR mounted filter.
Illumination light was provided by a Nikon SB610 Flash
shaded with one, two, or three Hoya A-77 UVIR cut filters.
For VIL and RTI, the camera was set at zenith at a 1-m height;
flash light at 1.5 m. Exposition values were applied as follows:
diaphragm f8 sensitivity iso 800, shutter speed 1/125, and
flash on 1/1. The subject was a complete gray scale of a stan-
dard Xrite Colochart Classic, including white and black
swatches, coupled with a tab of Kremer 10060 Egyptian blue

used as a reference for VIL luminance correction. The latter
value was used to set the reflectance value in Lightroom equal
to 95% (RGB 243, 243, 243) avoiding an over exposure or
saturation of the white pixels in the image. A RTI infrared
compatible test sphere has been introduced to check the re-
sponse to parasitic infrared light coming from the flash shaded
with an increasing number (from 1 to 3) of Hoya UVIR cut
filters. The subject has been disposed on a horizontal plane;
the center point of field of view represents the nadir of the set.

Spectroscopic analysis

Emission of the excitation source and the cutting effect of the
different filters employed have been checked using a CCS200
Thorlabs CCD spectrometer equipped with an optical fiber.
Filters have been located directly in contact with the fiber that
has been placed at 30 cm from the excitation source.

Software analysis

Adobe Lightroom software has been used in color correction
and sorting tiff and JPEG files from the raw original acquisi-
tion image. RTI Builder software by CHI Cultural Heritage
Imaging ((CHI) 2018) was applied in PTM fitter mode, pro-
cessing JPEG image (max quality) files in full dimension
(7360 × 4912) at 300 DPI. A 3D model has been produced
through Agisoft Photoscan, processing JPEG image (max
quality) files in full dimension (5000 × 3337) at 150 DPI.
The resolutions of the images used were 20 pixel/mm and
7 pixel/mm for RTI in VIL mode and 3D reconstruction,
respectively.

Fig. 2 a Image of statue under
ambient illumination. b VIL with
parasitic IR light. c DARK
acquisition of IR parasitic light. d
VIL after image subtraction of
dark acquisition of Ptha-Sokar-
Osiris’s wooden statue (XXV–
XXXI Dynasty, 712–332 BC (?).
Cat. N. Provv. 0098, Torino,
Museo Egizio
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Results and discussion

Visible-induced luminescence (VIL)

As previously described, traditional VIL implies the reduction
of IR ambient and instrumental parasitic light. Indeed, a VIL
image can be corrected through the acquisition of a BDARK^
image that is acquired with same exposure set excluding an
artificial light source (e.g., camera flashes or LEDs). Figure 2a
and b show images acquired under ambient illumination and
in VIL modality in the presence of IR parasitic light, respec-
tively. The lighter areas indicate Egyptian blue presence that,
in this case, was used mainly for the decoration of the hair of
divinity. The entire body of the statuette is still visibly illumi-
nated by the IR parasitic light allowing the spatial location of
Egyptian blue. To enhance the spots in which Egyptian blue is
present, the VIL images are corrected acquiring Bdark^ pho-
tograms (Fig. 2c) and subtracting it to the previous photo. The
Bdark^ image should be taken in the same conditions in which
VIL is performed avoiding possible under/overestimation of
the real Egyptian blue signal. The resulting image (Fig. 2D) is
impoverished in artifact morphology but Egyptian blue is
more evident, for example, onto the body and ornament above
the head.

Operation is performed using Adobe Lightroom suite.
Operatively, a first corrective step of VIL image is based ac-
quiring a shoot of artifact with the presence of Kremer
Egyptian blue tab used as reference, assumed as 95% lumi-
nance in Lightroom scale. It corresponds to 244/255 of Adobe
RGB levels in a Photoshop environment; synchronizing the
DARK image with the same criteria, a parasitic light detection
is obtained and it can be digitally subtracted to a VIL image as
a layer in Photoshop. Finally, the value of the Kremer

reference is re-estimated on the 95% luminance. A similar
solution is achieved using non-fluorescent white reference
(e.g., Minolta 99% colorimeter tab or white swatch of
Macbeth XRite color chart) taking a picture both in visible
and IR ranges and producing a virtual DARK, i.e., a uniform
level with the same colorimetric characteristics of the refer-
ence. The drawback is a limited coherence with the effective
distribution of the environmental parasitic light, but it allows
to monitor the presence of possible emitting infrared parasitic
light. Considering that LED technology-based VIL cannot
provide spatial characterization of not Egyptian blue–related
areas, the choice of a light source had fallen on conventional
flash light filtered with a UVIR cut filter, disposing intention-
ally, a parasitic IR source, whose infrared component could be
modulated according to need.

The conventional flashes used for VIL acquisition mounted
a single IRUV cut filter, inducing a conspicuous presence of
instrumental parasitic light whose subtraction requires precise
measurement on the white reference and subsequent produc-
tion of a virtual DARK. Consequently, one or even two addi-
tional filters can be applied to effectively suppress IR parasitic
light coming from the irradiation source. Figure 3 reports pris-
tine and filtered (Hoya A-77 UVIR cut filter) emission spec-
trum of excitation flash. Dark line evidences pristine source,
characterized by a continuous emission from the visible to
infrared region; colored signals drawn the emitting behavior
after the addition of one (red line), two (blue line), and three
(green line) filters. Although infrared emission is dramatically
cut already with a single filter, a not negligible portion is still
present evidenced by a weak peak around 870 nm (Fig. 3,
inset); the latter signal is included in the transmission window
of filter mounted (B+W 093 infrared pass filter) in front of the
camera generating a consistent parasitic light. Apparently,

Fig. 3 Emission of unfiltered
excitation source used for VIL
and the same filtered with one,
two, or three Hoya A-77 UVIR
cut filters. Inset: magnification of
figure in the range 700–1000 nm
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using two filters, infrared parasitic radiation coming from the
source is suppressed even if the use of three filters further
reduces it (Fig. 3, inset). Obviously, the ambient infrared par-
asitic light remains and should be considered during
postproduction.

A series of practical tests have been performed using a
different number of filters for the optimization of infrared
parasitic light coming from the excitation source. This consti-
tutes a prerequisite to RTI and tridimensional photomodeling,
whereas the standard VIL luminescence conditions do not
allow the procedure of computational techniques. The multi-
ple filter system has been tested acquiring the same subject
under a homologous set and exposure irradiating with the
progressive shading of excitation source by the Hoya UVIR
filters. Thus, the amount of infrared luminance acquired by the
camera is measured. Figure 4 reports the post-produced im-
ages. In every photogram, VIL checker represents the lumi-
nance corresponding to the RGB values of 243, 243, 243,
respectively (95% of reflectance in Lightroom). The quantity
of parasitic light, coming from the excitation source, was di-
rectly measured as the RGB value in Photoshop on the white
swatch (red highlighted frame in Fig. 4). Increasing values
corresponded to reduction of UVIR cut filters; thus, RGB
values of 18, 18, 18–30, 30, 30–80, 80, and 80 were measured
using three, two, and one filter, respectively. The higher par-
asitic infrared light using only one filter is clearly visible in
Fig. 4a, allowing spatial description required for 3D photo-
grammetric model reconstruction. The best VIL quality in
terms of pure blue Egyptian blue response is obtained using
three filters, where the white swatch appears totally black (Fig.
4c). Indeed, although visive results are substantially and prac-
tically optimal, the RGB values of 18, 18, and 18 suggest that

a very small amount of parasitic IR light coming from the
excitation source is still present. This condition, as just men-
tioned, is perfect for VIL applications; on the contrary, further
elaboration as photogrammetry or RTI is impossible due to
low or absence of infrared flash light reflection on RTI control
spheres. Differently, using one or two filters make these com-
putational applications feasible: infrared flash light reflection
on spherical references is perceivable, as a progressive visive
reconstruction of areas characterized by the absence of
Egyptian blue that can be itself an improvement to standard
bi-dimensional VIL imaging.

Reflectance transformation imaging
and photogrammetry

Reflectance transformation imaging (RTI) in the infrared re-
gion was performed applying two UVIR cut filters. As for RTI
in visible light, a first realignment of each photogram in
Photoshop suite is needed. The operation is performed by
introducing all the photograms as layers and verifying, man-
ually, the effective alignment of the pixels. After this opera-
tion, each image can be locally contrasted (leaving the main
subject unchanged) on the light point if the flash spill on the
spheres is not enough. This allows an easier shape and reflec-
tion quantification by the RTI software and lastly, a better
reconstruction of the subject. RTI in VIL has a double impact:
it detects pictorial area characterized by Egyptian blue and, by
the introduction of the infrared parasitic light, localizes the
pigment on the artifact’s surface describing also the morpho-
logical aspect. Even if obtaining a parasitic infrared light-free
RTI VIL is theoretically and practically unavailable, original
photograms, after the identification of highlight directions,

Fig. 4 Multiple filter set reference
VIL chart: a no.1 UVIR cut filter;
b no.2 UVIR cut filters; c no.3
UVIR cut filters. Red square
identifies RGB sampling area
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can be replaced by digital correction through subtractive mask
copies (DARK method) or by coherent twin set acquired
adding filter.

The wooden statue (Fig. 5) has been examined with RTI
VIL (setting two UVIR cut filters), gaining a double result on
identification of blue pigment even considering the poor con-
servative condition of the artifact and Egyptian blue low con-
centration (Fig. 5a, b). Different postproduction conditions are
reported in Fig. 5c, d, and e: morphology of the artifact is
visible in the enhancement mode (Fig. 5d) and visualization
mapping (Fig. 5e), whereas carbon black hieroglyphs and
non-depicted structure are reported in the gain mode (Fig.
5c). It is worth to note that VIL and RTI in VIL mode are
two different techniques. The former acquisition identifies
the Egyptian blue even in traces (Figs. 1 and 2D); on the
contrary, the second modality enhances the surface properties,
e.g., roughness and defects (Fig. 5d), while maintaining the
spatial location of the pigment on it.

3D-photogrammetric model reconstruction is a tridimen-
sional relief technique based on the acquisition of images
which are compared (Miles et al. 2014), resulting in a polyg-
onal model with integrated texture (Fig. 6). Photomodeling in
VIL has been performed on Pasherienaset’s sarcophagus (Fig.
6a) to build a 3D model of the subject with the contemporary
spatial localization of Egyptian blue. As in RTI VIL case, it
was mandatory to introduce a certain amount of parasitic light
from the irradiation source that lights the artifact’s surface
allowing the correct processing by Agisoft Photoscan
modeling software. Consequently, the set-up using only
one UVIR cut filter shading the flash light was used. The
acquisition required the use of many flash shots, thus, der-
ogating from the usual photomodeling practice that re-
quires diffused ambient light; it should be noted that the
flash lights were set on a wide-angle mode, avoiding arti-
facts and errors by software PhotoScan. The color correc-
tion followed the usual standards for VIL.

Fig. 5 Statue of Ptha-Sokar-Osiris’s wooden statue from Khaemuaset
(QV 44) and Setherkhepshef (QV 43) tomb (XXI Dynasty, 1070–946

BC (?). Cat. N. S. 05278, Torino, Museo Egizio) a, b Under ambient

illumination. c RTI VIL in gain mode. d RTI VIL in specular enhance-
ment mode e RTI VIL in normal visualization mapping. Images in c, d,
and e were acquired setting two UVIR cut filters

Fig. 6 a Pasherienaset’s
sarcophagus (Ligurian
Archeological Museum in Pegli,
Genoa, Italy) and 3D model in b
polygonal view and c texturized
view
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A controlled amount of parasitic IR let the identification
both of Egyptian blue–characterized areas and of other pig-
ments or the wooden support, allowing computational pro-
cesses such as point cloud and mesh build up, but above all,
the texturizing process of the 3D model. Different from the
laser scan technique, texture is native and it does not require
digital image stretching on the polygonal object; thus, the
superimposition of the VIL image in the 3D model is imme-
diate. Furthermore, it is always possible to optimize the tex-
ture quality by treating it subsequently as a two-dimensional
datum, correcting the contrast or applying a subtractive mask
for parasitic light. It has been also tested on a secondary set
based on coupled acquisition of infrared photograph and co-
axial VIL, with the aim of constructing the morphology of the
sarcophagus by means of IR reflectography data and subse-
quently replacing them with VIL images during the
texturization process (Fig. 6c). Anyway, a faster and more
feasible optimization process of polygonal reconstruction in
VIL band has been applied using a Btwin^ overexposed orig-
inal VIL images, produced during color correction to perform
volume reconstruction. This step is followed by the replace-
ment with the correct VIL files, to obtain a superior yield of
the volumetric detail, associated to the best description of the
Bskin^ of the sarcophagus.

It should be underlined that all the acquisitions (VIL and
photogrammetry) on sarcophagus were performed without
opening the conservation case, thanks to the glass transparen-
cy to visible and infrared radiation. The Bthrough the glass^
analyses are extremely important by a conservation point of
view, avoiding any microclimatic alteration, compatibly with
the minimum invasiveness (absence of contact and displace-
ment of the object).

Conclusions

Traditional VIL technique requires the maximum reduction of
infrared parasitic light. Indeed, a controlled introduction of a
portion of IR radiation allows the possibility to perform also
RTI investigation and photogrammetry. Ancient Egyptian ar-
tifacts were investigated through VIL–RTI and VIL-
photogrammetric techniques were performed contemporary.
The portion of IR parasitic light was modulated using a dif-
ferent number of UVIR cut filter in front of the excitation
light. Results evidence the possibility of a spatial distribution
of the pigment on artifacts with the contemporary RTI or 3D-
photogrammetric model reconstruction. Considering the low
cost of the set-up used, the quickness of data acquisitions and
the possibility to perform analyses in situ, these techniques
constitute an excellent diagnostic tool for ancient Egyptian
artifacts, useful for planning further analyses using comple-
mentary techniques, e.g., X-ray fluorescence and Raman
spectroscopy.

Acknowledgements The authors kindly acknowledge Dr.ssa Valentina
Turina of the Museo Egizio di Torino (Fondazione Museo delle
Antichità Egizie di Torino, Turin, Italy) and Dr. Guido Rossi of the
Museo di Archeologia Ligure (Genoa, Italy) for having granted analyses
on the artifacts.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

Accorsi G, Verri G, Bolognesi M, Armaroli N, Clementi C, Miliani C,
Romani A (2009) The exceptional near-infrared luminescence prop-
erties of cuprorivaite (Egyptian blue). Chem Commun:3392–3394.
https://doi.org/10.1039/b902563d

Ajo D, Chiari G, De Zuane F, Favaro ML, Bertolin M (1996)
Photoluminescence of some blue natural pigments and related syn-
thetic materials. In: V Internat. Conf. Non-Destructive Testing,
Microanal. Methods and Environm. Eval. for Study and
Conservation of Works of Art (Budapest, September 24–28,
1996). Proceedings, 33–47

AlfeldM, Baraldi C, GamberiniMC,Walter P (2018) Investigation of the
pigment use in the Tomb of the Reliefs and other tombs in the
Etruscan Banditaccia Necropolis. X-Ray Spectrom:1–12. https://
doi.org/10.1002/xrs.2951

Berdahl P, Boocock SK, Chan GC-Y, Chen SS, LevinsonRM, ZalichMA
(2018) High quantum yield of the Egyptian blue family of infrared
phosphors (MCuSi4O10, M = Ca, Sr, Ba). J Appl Phys 123:193103.
https://doi.org/10.1063/1.5019808

Berke H (2002) Chemistry in ancient times: the development of blue and
purple pigments. Angew Chem Int Ed 41:2483–2487. https://doi.
org/10.1002/1521-3773(20020715)41:14<2483: :AID-
ANIE2483>3.0.CO;2-U

Berke H (2007) The invention of blue and purple pigments in ancient
times. Chem Soc Rev 36:15–30. https://doi.org/10.1039/b606268g

Bredal-Jørgensen J, Sanyova J, Rask V, Sargent ML, Therkildsen RH
(2011) Striking presence of Egyptian blue identified in a painting
by Giovanni Battista Benvenuto from 1524. Anal Bioanal Chem
401:1433–1439. https://doi.org/10.1007/s00216-011-5140-y

Chiari G (2018) Photoluminescence of Egyptian blue, in: SAS encyclo-
pedia of archaeological sciences. Wiley-Blackwell, Oxford

Corcoran LH (2016) The color blue as an ‘Animator’ in ancient Egyptian
art. In: Goldman RB (ed) Essays in global color history, interpreting
the ancient spectrum. Gorgias studies in classical and late antiquity
19. Gorgias press, Piscataway, pp 41–63 color pls.2

Cortese V, Rossi G (2008) Dalla terra nera alla terra di Ponente. La
collezione egizia del Museo di archeologia ligure. Il portolano,
Genoa. ISBN-10: 8895051068

Cultural Heritage Imaging (CHI) (2018) Reflectance transformation im-
aging. Guide to RTIViewer. Cultural Heritage Ima- ging and Visual
Computing Lab, ISTI-Italian National Research Council, San
Francisco, CA http://culturalheritageimaging.org/downloads/.
Accessed January 2019

Franceschi E, Locardi F (2014) Strontium, a new marker of the origin of
gypsum in cultural heritage? J Cult Herit 15:522–527. https://doi.
org/10.1016/j.culher.2013.10.010

Garstki K (2017) Virtual representation: the production of 3D digital
artifacts. J Archaeol Method Theory 24:726–750. https://doi.org/
10.1007/s10816-016-9285-z

Archaeol Anthropol Sci (2019) 11:5001–5008 5007

https://doi.org/10.1039/b902563d
https://doi.org/10.1002/xrs.2951
https://doi.org/10.1002/xrs.2951
https://doi.org/10.1063/1.5019808
https://doi.org/10.1002/1521-3773(20020715)41:14<2483::AID-ANIE2483>3.0.CO;2-U
https://doi.org/10.1002/1521-3773(20020715)41:14<2483::AID-ANIE2483>3.0.CO;2-U
https://doi.org/10.1002/1521-3773(20020715)41:14<2483::AID-ANIE2483>3.0.CO;2-U
https://doi.org/10.1039/b606268g
https://doi.org/10.1007/s00216-011-5140-y
http://culturalheritageimaging.org/downloads/
https://doi.org/10.1016/j.culher.2013.10.010
https://doi.org/10.1016/j.culher.2013.10.010
https://doi.org/10.1007/s10816-016-9285-z
https://doi.org/10.1007/s10816-016-9285-z


Giménez J, Espriu-Gascon A, Bastos-Arrieta J, de Pablo J (2017) Effect
of NaCl on the fabrication of the Egyptian blue pigment. J Archaeol
Sci Rep 14:174–180. https://doi.org/10.1016/j.jasrep.2017.05.055

Hatton GD, Shortland AJ, Tite MS (2008) The production technology of
Egyptian blue and green frits from second millennium BC Egypt
andMesopotamia. J Archaeol Sci 35:1591–1604. https://doi.org/10.
1016/j.jas.2007.11.008

Lazzarini L (1982) The discovery of Egyptian blue in a Roman Fresco of
the mediaeval period (ninth century). Source Stud Conserv 27119:
84–86. https://doi.org/10.2307/1505992

Linn R, Comelli D, Valentini G, Mosca S, Nevin A (2018) Egyptian blue
pigment in East Mediterranean wall paintings: a study of the lifetime
of its optical infrared emission. Strain 55:e12277. https://doi.org/10.
1111/str.12277

Malzbender T, Gelb D, Wolters H (2001) Polynomial texture maps. Proc.
28th Annu. Conf. Comput. Graph. Interact. Tech. - SIGGRAPH ‘01
519–528. https://doi.org/10.1145/383259.383320

Mateos LD, Cosano D, Esquivel D, Osuna S, Jiménez-Sanchidrián C,
Ruiz JR (2018) Use of Raman microspectroscopy to characterize
wallpaintings in Cerro de las Cabezas and the Roman villa of
Priego de Cordoba (Spain). Vib Spectrosc 96:143–149. https://doi.
org/10.1016/j.vibspec.2018.04.004

Miles J, Pitts M, Pagi H, Earl G (2014) New applications of photogram-
metry and reflectance transformation imaging to an Easter Island
statue. Antiquity 88:596–605. https://doi.org/10.1017/
S0003598X00101206

Miriello D, Bloise A, Crisci G, De Luca R, De Nigris B, Martellone A,
Osanna M, Pace R, Pecci A, Ruggieri N (2018) Non-destructive
multi-analytical approach to study the pigments of wall painting
fragments reused in mortars from the archaeological site of
Pompeii (Italy). Minerals 8:134. https://doi.org/10.3390/
min8040134

Mytum H, Peterson JR (2018) The application of reflectance transforma-
tion imaging (RTI) in historical archaeology. Hist Archaeol 52:489–
503. https://doi.org/10.1007/s41636-018-0107-x

Newman SE (2015) Applications of reflectance transformation imaging
(RTI) to the study of bone surface modifications. J Archaeol Sci 53:
536–549. https://doi.org/10.1016/j.jas.2014.11.019

Nicola M, Aceto M, Gheroldi V, Gobetto R, Chiari G (2018) Egyptian
blue in the Castelseprio mural painting cycle. Imaging and evidence
of a non-traditional manufacture. J Archaeol Sci Rep 19:465–475.
https://doi.org/10.1016/j.jasrep.2018.03.031

Piovesan R, Siddall R, Mazzoli C, Nodari L (2011) The Temple of Venus
(Pompeii): a study of the pigments and painting techniques. J
Archaeol Sci 38:2633–2643. https://doi.org/10.1016/j.jas.2011.05.
021

Pozza G, Ajò D, Chiari G, De Zuane F, Favaro M (2000)
Photoluminescence of the inorganic pigments Egyptian blue, Han
blue and Han purple. J Cult Herit 1:393–398. https://doi.org/10.
1016/S1296-2074(00)01095-5

Smith GD, Nunan E, Walker C, Kushel D (2009) Inexpensive, near-
infrared imaging of artwork using a night-vision webcam for
chemistry-of-art courses. J Chem Educ 86:1382–1388. https://doi.
org/10.1021/ed086p1382

Verri G (2009) The spatially resolved characterisation of Egyptian blue,
Han blue and Han purple by photo-induced luminescence digital
imaging. Anal Bioanal Chem 394:1011–1021. https://doi.org/10.
1007/s00216-009-2693-0

Verri G, Saunders D, Ambers J, Sweek T (2010) Digital maping of
Egyptian blue : conservation implications. Stud Conserv 55:220–
224. https://doi.org/10.1179/sic.2010.55.Supplement-2.220

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

5008 Archaeol Anthropol Sci (2019) 11:5001–5008

https://doi.org/10.1016/j.jasrep.2017.05.055
https://doi.org/10.1016/j.jas.2007.11.008
https://doi.org/10.1016/j.jas.2007.11.008
https://doi.org/10.2307/1505992
https://doi.org/10.1111/str.12277
https://doi.org/10.1111/str.12277
https://doi.org/10.1145/383259.383320
https://doi.org/10.1016/j.vibspec.2018.04.004
https://doi.org/10.1016/j.vibspec.2018.04.004
https://doi.org/10.1017/S0003598X00101206
https://doi.org/10.1017/S0003598X00101206
https://doi.org/10.3390/min8040134
https://doi.org/10.3390/min8040134
https://doi.org/10.1007/s41636-018-0107-x
https://doi.org/10.1016/j.jas.2014.11.019
https://doi.org/10.1016/j.jasrep.2018.03.031
https://doi.org/10.1016/j.jas.2011.05.021
https://doi.org/10.1016/j.jas.2011.05.021
https://doi.org/10.1016/S1296-2074(00)01095-5
https://doi.org/10.1016/S1296-2074(00)01095-5
https://doi.org/10.1021/ed086p1382
https://doi.org/10.1021/ed086p1382
https://doi.org/10.1007/s00216-009-2693-0
https://doi.org/10.1007/s00216-009-2693-0
https://doi.org/10.1179/sic.2010.55.Supplement-2.220

	Practical...
	Abstract
	Introduction
	Materials and method
	Ptha-Sokar-Osiris’s statues and Pasherienaset’s sarcophagus
	Acquisition set
	Spectroscopic analysis
	Software analysis

	Results and discussion
	Visible-induced luminescence (VIL)
	Reflectance transformation imaging and photogrammetry

	Conclusions
	References


