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Abstract

Several Roman marble sarcophagi (2nd-4th centuries AD) have been investigated in a first systematic re-
search effort to detect (pigments and) gilding techniques employed in the Imperial Rome. A comparative
study has performed on a conspicuous group (no. eighty) of Roman sarcophagi identified in the Vatican
Museums, the Capitoline Museums and the National Roman Museum collections. A focused in situ cam-
paign of non-invasive analytical investigations have performed by multispectral imaging, spectroscopic and
elemental analysis, followed by aimed micro-invasive techniques. As for the main issue of the gilding and
its application techniques, the microscopy still remains one of the most efficient tools for their characteriza-
tion. Therefore, some micro-samples of three sarcophagi chosen as case studies were examined by means of
Optical Petrographic Microscopy (OPM) and Scanning Electron Microscope and Energy Dispersive X-Ray
Spectrometer (SEM-EDS). The results of archaeological data and scientific analyses show that the leaf gold
was applied by two different techniques. In the most attested method, the gold leaf was applied on a ground
layer of colour (yellow and/or red ochre, Egyptian blue, etc.); on the other hand, in the other technique,
the gold leaf was applied directly onto the marble surface or more probably on top of a thin ground layer of
kaolin.

Keywords: Gilding techniques, Roman sarcophagi, Purplish substance, Colloidal gold, Optical
petrographic microscopy, SEM-EDS

1. Research Aim This has given rise to an extensive scientific produc-
tion and a great corpus that although it is an in-
valuable resource, the series encourages an empha-
sis on form and content without unfortunately con-
> sidering polychromy and gilding (among the end-
on the surface of marble (architecture, sculpture, BT .
) . i less bibliography see [1],2],[3],[4],5],6],[7]). Con-
etc.) is extremely topical and of great general inter- . oy
T o versely, the studies of polychromy on Roman mar-
est, but significant limits to knowledge and progress . . B .
: . ) ble sarcophagi are less than ten over the course of
are due to complexity and uncertainty. The re- . R,
; R a century. Moreover, the attention on the gilding
sults collected by this transdisciplinary study on o . .
he identificati £ two. techni d 3 characterization was often given lower considera-
the 1dentification ol two techniques used to apply tion (for an interpreted excursus see [8],[9]). In-

the gold leaf on the marble surface and, above all, ] . .

b f th le stbs . loidal deed, among these papers only Cagiano De Azevedo
t (13 dnaturfe of t © purpie ;u stlance (l(f' hCO ol fd [10] reports his focussed comments on the used gild-
gold) are innovative in archacology and they cou ing technique on the so-called ‘Gesico sarcophagus

be relevant both for better conservation and aware- . . . .
. preserved at the National Archaeological Museum

ness of marble artefacts, and to foster a constructive - . .

of Cagliari. Unfortunately, this work cannot aid
debate. . o

us to improve our gilding knowledge on Roman

sarcophagi because he believed that archaeology
2. Introduction was sufficient to distinguish the process of applying
gilt to a marble surface without scientific analyses
[10]. The gilding was also mentioned by Swoboda
[11], Pietrogrande [12], Giitschow [13], Reuterswérd

The purpose of this work is to present the original
results concerning the gilding of Roman marble sar-
cophagi. The study of ancient gilding (and colour)

Roman marble sarcophagi have been systemati-
cally studied from a typological, stylistic and icono-
graphic point of view since the late 19th century.
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[14], Philippot [15], and Sorries and Lange [16] but
only as well as symbolic or stylistic topics. Differ-
ently, some interesting data have come from a re-
cent and systematic investigation of the polychrome
and gilded sarcophagus with bucolic scenes at the
Vatican Museums (inv. no 31485) carried out by
Liverani [17], and the sarcophagus with garlands at
the Ny Carlsberg Glyptotek of Copenhagen (inv.
no. IN 2468) examined by Sargent [18]; together
dating around AD 300. However, a special men-
tion goes to Bourgeoise and Jockey [19],20], who
have deeply investigated the gilding of Hellenistic
marble sculptures from Delos. This brief overview
highlights the necessity that has motivated this first
systematic investigation about the ancient (colour
and) gilding on Roman marble sarcophagi identi-
fied in the Vatican Museums, the Capitoline Mu-
seums and the National Roman Museum collec-
tions [8],[9]. Careful examination of their surfaces
- with naked eyes and through a magnifying glass
or portable stereomicroscope - has underlined that
among eighty polychrome sarcophagi investigated,
including many unpublished examples, only twelve
(or perhaps fifteen) preserve traces of original gild-
ing with may or may not be associate with a pur-
plish substance, which seems attributable to the
transformation of gold leaf into colloidal gold (see
Sections 5 and 6). In a case study among these sar-
cophagi (Tabs. 1 and 2), the gold leaf has been iden-
tified only thanks to a micro-sampling performed to
recognise the techniques used to apply the colour
[8],]9]. Therefore, this fortunate discovery rein-
forces the hope to identify new traces of gilding on
other sarcophagi with more deep investigation that
is in progress [9].

3. Materials

The examined sarcophagi with gilding or purplish
substance cover the time period from the beginning
to the end of the 3rd century AD and with no re-
lation to a specific subject or iconographic theme
(Tabs. 1 and 2). As a matter of fact the gild-
ing is visible on the historical, mythological and
Dionysian sarcophagi, and again on the sarcophagi
with Muse, marine subjects, Victories and Cupids
holding a shield or clypeus, scenes of private life,
and also on the pastoral, bucolic and Christological
sarcophagi [9]. The preserved gilding is mainly dis-
cernible on the protruding areas of the curls of hair
and beards, the hair of animals, the rolled volumes
or scrolls (volumina), the backs of garment folds,

and the background drapes (parapétasma). Here
and on the clothing and the volumina, gold was ap-
plied in a uniform manner with a linear shape; the
width of the gilded strip and the thickness of the
substrate are variable [9]. On the other hand, gold
appears to have been applied in a non-uniform man-
ner, as a sort of hatching aimed at creating a ‘light
vibration’ effect, on the curls of hair, beards, torch
flames, altars and censers (thymiatéria), manes and
tails of lions and horses, sheep and goat fleeces,
and sea waves [9]. The golden fragments are vis-
ible in the form of small flakes with a thickness of
a few ten-thousandths of a millimetre on top of the
colour layers with a thickness of a sub-millimetre.
The main difficulties in characterizing the technique
used to apply the gold leaf on the marble surface
are, on the one hand, the justified hesitation in
taking micro-samples to perform micro-invasive di-
agnostic analysis (which are mainly based on op-
tical petrographic microscopy-OPM and scanning
electron microscopy-SEM), and on the other, the
lack of knowledge on the topic which is limited
to a few isolated artefacts [17],[18],[19],[20]. How-
ever, three golden sarcophagi among these (Tabs. 1
and 2) have been chosen as case studies to perform
comparative survey between the results of scientific
analyses and archaeological information in order to
characterize the techniques used to apply the gold
leaf onto the marble surface. Specifically, the so-
called ‘Annona sarcophagus’ (see Subsection 3.1)
and the sarcophagus with the myth of Phaedra and
Hippolytus (see Subsection 3.2) represent those sar-
cophagi where the gold leaf seems applied on top of
a dark yellow tending towards brown-reddish layer
(Tab. 3); while the so-called ‘Acilia sarcophagus’
(see Subsection 3.3) denote the sarcophagi were the
gilding seems applied directly onto the marble sur-
face or on top of a thin coat (Tab. 3).

3.1. The ‘Annona sarcophagus’ (MNR inv. no.
40799)

The first selected case study is the sarcophagus
with dextrarum iunctio and personification, better
known as ‘Annona sarcophagus’ (National Roman
Museum in Palazzo Massimo inv. no. 40799). This
rectangular sarcophagus without lid (Fig. 1) is dec-
orated only in the frontal part with allegorical char-
acters: Portus, Annona, Concordia (behind a mar-
ried couple making a dextrarum iunctio), Genius
Senatus, Abundantia, and Africa, from the right to
the left of the sarcophagus.
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Table 1: List of polychrome sarcophagi with gilding and/or purple substance identified with direct visual inspection (DVI) or
optical petrographic microscopy (OPM) in the Vatican Museum (MV), the Capitoline Museum (MC) and the National Roman
Museum (MNR) collections. Bold highlights sarcophagi chosen as case study that underwent in-depth diagnostic investigation.
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Table 2: List of polychrome sarcophagi with gilding and/or purple substance identified with direct visual inspection (DVI) or
optical petrographic microscopy (OPM) in the Vatican Museum (MV), the Capitoline Museum (MC) and the National Roman
Museum (MNR) collections. Bold highlights sarcophagi chosen as case study that underwent in-depth diagnostic investigation.



Figure 1: The images show the ‘Annona sarcophagus’ and
the sampling point of the micro-sample no. 4£0799-C (Na-
tional Roman Museum, Rome, inv. no. 40799. Photo: au-
thor).

The sarcophagus was discovered with its frag-
mented lid in a modest tomb in via Latina, Rome
some years before 1877 [21],[9]. It is dated at
the last third of 3rd century, c. AD 270-280
[21],[22]. Direct visual inspection shows a great
amount of polychromy and gilding only cited in the
academic literature [21],[22]. Regarding the colour,
the analytical investigation has showed the pres-
ence of pigments and dyes (unknown until now)
representatives of the ancient painting techniques
of the Mediterranean area: red and yellow ochres,
haematite, Egyptian blue, pink madder lake and
white lime. The apparent simultaneous use of two
pictorial techniques identified may have been one or
more ancient re-paintings. It is also interesting that
the ‘Annona sarcophagus’ seems to have completely
polychrome figurative elements [23],[9]. Traces of
original gilding are discernible on the upper surface
of the parapéetasma and clothes, and on the pro-
truding areas of the curls of hair and beard, the
flame of the thymiatérion and in some attributes
of the personifications. Gold is visible on top of
red and blue of the parapétasma and clothes; while
on the beard and hair it seems applied on a dark
yellow to reddish ground coat (see Subsection 6.1).
On the parapetasma and clothing, gold was applied
in a uniform manner with a linear shape; on the

Figure 2: The images show the sarcophagus with the myth
of Phaedra and Hippolytus and the sampling point of the
micro-sample no. 122444-2 (National Roman Museum,
Rome, inv. no. 122444. Photo: author).

other hand, gold appears to have been applied in
a non-uniform manner, as a sort of hatching aimed
at creating a ‘light vibration’ effect, on the curls of
hair, beard and flame of the thymiatéria. A purple
colour substance is also visible in association with
the gold on the hair of the Annona personification
similarly to the ‘Acilia sarcophagus’ (see Subsection
3.3 and 6.3).

3.2. Sarcophagus of Phaedra and Hippolytus (MNR
inv. no. 112444)

The second case study is the sarcophagus with
myth of Phaedra and Hippolytus (National Roman
Museum Baths of Diocletian inv. no. 112444).
The sarcophagus (Fig. 2), in rectangular chest with
gable lid covered by rosette-shaped ending tiles and
chunky acroteria corner on the front, was carved in
Rome by artists from Asia Minor at the end of the
third century, c. AD 290 [24]. The sarcophagus
is decorated, in high relief and only on the front;
Phaedra and Hippolytus have unfinished portrait
head, designed to receive the physiognomic features
of the deceased [25].

The sarcophagus was found in via Muzio Atten-
dolo near Largo Preneste, Rome in 1931 [24]. It
presents a great amount of red and gilding traces on
the relief and on the acroterial corner masks of the



lid [9], until now neglected from the academic stud-
ies ([24] with previous bibliography, [25], [7] with
selected bibliography). Specifically, a whitish sub-
stance characterized by fine granules size is visible
with the naked eye or through a magnifying glass in
the prominent and recessed areas of the figures, the
flesh, the background and the masks. It was prob-
ably applied as a ground layer of red colour that in
other areas appears applied directly onto the mar-
ble surface. There is also the presence of earthy
fouling, probably accumulated during the burial [9].
The gilding is preserved on the hair of the acrote-
rial masks, on the protruding areas of the hair and
beard of the figures, the hooves of the horse and,
again, on the button of the coat and the eagle head
of Hippolytus’ sword and the Cupid wings [9]. Sim-
ilar to the ‘Annona sarcophagus’, the gold leaf ap-
pears applied, especially on the hair and beard, on
top of a dark yellow tending towards brown-reddish
coat (see Subsection 6.2). This sarcophagus was
also selected as a case study to understand the na-
ture of a purple substance co-present with the gild-
ing (see Subsection 3.3 and 6.3).

3.3. The ‘Acilia sarcophagus’ (MNR inv. no.
126372)

The third case study is the famous ‘Acilia sar-
cophagus’ (National Roman Museum in Palazzo
Massimo inv. no. 126372) with processus consularis
(Fig. 3). It was found at Acilia (Rome) and is gen-
erally dated at the second quarter of the 3rd century
AD [26], [27] or, more recently, at the last quarter
of the 3rd century AD [28]. The ‘Acilia sarcoph-
agus’ was analysed in order to clarify the gilding
technique used and to characterise the nature of
the purplish substance [9]. In fact, the sarcoph-
agus has been known to scholars since 1950 the
year of its discovery due to the abundant presence
of a purplish substance commonly interpreted as
a ‘bole’ or ‘mordant’ for gilding ([26] referring to
[12]; a theory also found in [29],[14],[27],[30]). Gild-
ing is discernible on the upper surface of the togas
and their sinus, the scrolls and on the protruding
areas of the curls of hair and beards of the figures.
Gold was applied in a uniform manner with a linear
shape on the togas, sinus and scrolls; on the other
hand, on the curls of hair and beard gold appears
to have been applied in a non-uniform manner, as
a sort of hatching aimed at creating a ‘light vibra-
tion’ effect [9]. The gold is co-present with a purple
substance penetrate into the marble surface and a
blue powdered substance (see Subsection 6.3).

Figure 3: The images show the ‘Acilia sarcophagus’ and the
sampling points of the micro-samples no. 126372-A/E/F
(National Roman Museum, Rome, inv. no. 126372. Photo:
author).

4. Methods

The first preliminary action in the study of Ro-
man golden sarcophagi were the historical and
iconographic research on one hand, and a careful
examination by fixed magnification (2x) Olympus
VMEF stereo-microscope mounted on a tripod on the
other hand. Moreover, we have performed some
non-invasive analysis (e.g. VIL and UVL multi-
spectral imaging) fallowing by micro-invasive inves-
tigations, namely optical petrographic microscopy
(OPM) and scanning electron microscopy with en-
ergy dispersive x-ray spectroscopy (SEM-EDS), in
order to acquire information on the techniques used
to apply the gold leaf onto the marble surface (see
Subsections 3.2 and 3.3). To this purpose, three
small and representative micro-samples, namely
40799-C, 122444-2 and 126372-F samples (Figs. 1
- 3), were chosen respecting the criteria of minimum
invasiveness in collaboration with the Museums re-
storers.

4.1. In situ microscopy and documentation

A fixed magnification (2x) Olympus VMT stereo-
microscope mounted on a tripod was used to image
details of golden sarcophagi. A reflex Nikon D80
and a Nikon Coolpix P340 were used to macro-
digital imaging acquisition.

4.2. Optical petrographic microscopy (OPM)

Optical microscopy has allowed a preliminary ex-
amination of the micro-samples, which were inves-
tigated with a Wild Heerbrugg M10 stereomicro-
scope with variable magnification. The crushed-
grain samples were then observed by means of
Leitz Orthoplan-pol microscope equipped with a



PloemOpak filter cubes (excitation filter BP 340-
380nm) in reflected and intersecting light, on dark
field and after excitation by UV light, Hg lamp, UV
filter 330-380nm and 450-490. Usual magnifications
were from 4x to 40x, and 63x oil immersion. Mor-
phological traits of gold leaf and individual pigment
granules on prepared crushed-granules were exam-
ined in intersection polarised light in parallel (PPL)
and crossed (XPL) nicols. The polarizing micro-
scope was interfaced to a PC using a Canon EOS
5D digital camera.

4.3. SEM-EDS

Subsequently, the sample of the ‘Acilia sarcoph-
agus’ was also examined by scanning electron mi-
croscopy with energy dispersive x-ray spectroscopy
(SEM-EDS) using a SEM ZEISS EVO MA 15 with
EDS Oxford Inca ENERGY 250 X-Act microanal-
ysis instrument.

4.4. Archaeological and historical researcher

At the same time, archival and literature searches
have performed to help us in the understanding
the preservation and restoration history of the case
studies and solve doubts about the application
techniques of gold leaf on the marble surface.
Obviously, the search started by evaluating the
description of the sarcophagi in the historical
archive and in the catalogue of the National
Roman Museum.

5. Results

To detect the different techniques used to ap-
ply the gilding (see Section 3), we have taken a
40799-C micro-sample from the ‘Annona sarcoph-
agus’ (see Subsection 5.1). It seems to correspond
to a very similar substance visible on the 122/44-2
micro-sample took from the sarcophagus with the
myth of Phaedra and Hippolytus (see Subsection
5.2). We have also performed a micro-sampling
from the ‘Acilia sarcophagus’ (see Subsection 5.3).
The first two micro-samples (40799-C and 122444-
2) are made up of minute flakes and granules,
while the third micro-sample (126372-F) is pow-
dery. Therefore, we have been able to examine
only the crushed-grains type prepared by OPM.
The 126372-F sample presenting a more complex
situation was also examined by SEM-EDS.

Figure 4: Micro-photo of the crushed-grains of the micro-
sample no. 40799-C in reflected light and crossed nicols
(XPL), 10x lens and 125 length scale, which shows iron ox-
ides and hydroxides and gold foil with non-homogeneous and
riddled with holes feature (Photo: C. Gratziu, A. Moscato).

5.1. The ‘Annona sarcophagus’ (MNR inv. no.
40799)

The dark yellow almost brown micro-sample
named 40799-C was taken from a lock of hair at the
back left of the Annona head (Fig. 1). It appears
as small flakes. Sample no. 40799-C OPM reader.
The crushed-grains preparation is made almost en-
tirely of calcite particle size ranging from micro-
crystalline to coarse meso-crystalline. In 45° spot
and reflected light frequent yellow-orange and, more
rarely, bright red patches are observed. Their opti-
cal features are those of iron oxides and hydroxides.
The gold leaf is characterized by non-homogeneous
and riddled with holes feature (Fig. 4).

5.2. Sarcophagus of Phaedra and Hippolytus (MNR
inv. no. 112444)

The dark yellow almost light brown micro-sample
named 122444-2 was taken from a projecting area
of Theseus hair lock (Fig. 2). It is composed of
few granules. Sample no. 122444-2 OPM reader.
Minuscule fragments of gold leaf are visible in
the crushed-grains preparation by 90° spot and re-
flected light to the polarizing microscope. A chalky
matrix is associated with them. The optical mi-
croscope resolution limit (63x oil immersion) does
not allow the characterization of other tiny elements
dispersed in the matrix and which give a yellowish-
orange colour when they are observed by 45° spot
and reflected light (Fig. 5).
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eagle head of Hippolytus sword and the
Ram Materials Ihid Cupid wings; (ii) a purple substance is also
aman composition raem discernible in association with the gold
Material composition The micro-sample
Gold leaf no. 126372-F was
characterization taken from a hidden
OPM Nature of purple area of the sinus of
substance the figure with toga.
Degradation It is powdery
processes material mixed with
. marble
Stratigraphy Directly inspection with naked eyes and
Raman h’later1§1§ Ihidem through portable stereoscope? has showed
composition on the top of supposed stratigraphy a Acilia sarconhacts
Materials Performed on all the | spread white substance, under it a bright ; arcophiag
VIL i . ) S (MNR inv. no.
composition relief surface blue substance, and under it the gilding 126372)
Thidem Nature of purple Ihidem appears always co-present with the purple
B substance - substance. They seem applied directly
UVL Materials Performed only on onto the marble surface
composition selected areas
Ibidem Nature of purple Ibidem
substance
Compositional and
textural aspects The micro-sample
Gold leaf no. 126372-F is
, characterization powdery material
e Nature of purple mixed with marble,
substance which was taken
Degradation from a hidden area
processes of the sinus of the
Stratigraphy figure with toga

Table 3: The table shows an overview of the analytical techniques used to resolve the issues investigated and, on the other
hand, the micro-samples and data detected by direct visual inspection of selected Roman marble sarcophagi to identify the
gilding techniques used.



Figure 5: Micro-photo of the crushed-grains of the micro-
sample no. 122444-2 in reflected light and parallel nicols
(PPL), 40x lens and 30 length scale, which shows iron ox-
ides and hydroxides and gold foil with non-homogeneous and
riddled with holes feature (Photo: C. Gratziu, A. Moscato).

5.8. The ‘Acilia sarcophagus’ (MNR inv.  no.
126372)

A micro-sampling in a hidden area near the sinus
of the figure with toga attributed to Gordian III by
Bianchi Bandinelli [26] was performed in order to
understand the gilding application techniques and
the nature of purplish substance often visible along
the gilding or where it was (Fig. 3). Other two sim-
ilar micro-samples (126372-A and 126372-E were
taken later from the toga of the same figure to deep
the investigation [8],[9]. During the sampling ac-
tivity, the purplish substance has appeared with-
out thickness and strongly cohesive to the marble
likewise to a fluid and thin brushwork. Therefore,
its sampling was very hard: it is not coming away
as flakes but as powdery material mixed with mar-
ble. It was also possible to identify the presence of
intense blue material, which has never been men-
tioned in the academic literature [26], [29], [14], [27],
[30], [28]. It is visible along the lines made of gild-
ing on the projecting parts of garments (togae) and
scrolls (volumina). In particular it appears between
the gold leaf and a whitish substance, with OPM
analysis has turned out to be modern [9]. Further-
more, the bright blue material has a powdery con-
sistency to the sharp scalpel contact.

Sample no. 126372-F OPM reader. We identi-
fied several marble crystals and small pieces of gold
leaf in the crushed-grains prepared. The crystals of
marble appear as aggregated with cataclastic struc-
ture sometimes very thin. The gold leaf is easily
identifiable as such by 90° spot and reflected light
viewing, and it has a bluish shade in transmitted
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Figure 6: Micro-photo of the crushed-grains of the micro-
sample no. 126372-F in reflected light and parallel nicols
(PPL), 25x lens and 50 length scale, which shows elements
that appear transparent and an overall pinkish colour with
fine dots ranging from bright red to brown within them
(Photo: C. Gratziu, A. Moscato).

light and PPL nicols. It is characterized by a non-
homogeneous and riddled with holes feature and,
in some cases, it appears directly overlapped to the
crystals of marble. We also noted the presence of
some additional elements that appear transparent
and an overall pinkish colour with fine dots ranging
from bright red to brown within them, in trans-
mitted light and PPL nicols (Fig. 6). They are
virtually extinct in XPL nicols, while they show or-
ange fluorescent when viewed through ultraviolet
light. These material optical characteristics seem
attributable to a red lake. The purple element is
instead ascribable to altered gold fragments if ob-
served at 90° spot and reflected light (Fig. 7).

Sample no. 126372-F SEM-EDS reader. The
qualitative analysis of micro-sample, performed at
SEM Zeiss EVO MA 10 with EDS microanalysis,
indicates both a low presence of characteristic el-
ements of ochres (such as iron, magnesium and
potassium), and a high concentration of silicon,
aluminium and calcium. Although they are into
ochres, their high percentage compared to that of
the iron can suggest a possible presence of kaolin.
The measurement also shows a rather high peak of
sulphur. The gold leaf is very thin (about 50nm),
characterized by a non-homogeneous and riddled
with holes feature (Fig. 8).



Figure 7: Micro-photo of the crushed-grains of the micro-
sample no. 126372-A in reflected light, spot 90° and crossed
nicols (XPL), 16x lens and 50 length scale, which shows the
purple substance with a metallic appearance like that the
gold leaf (Photo: C. Gratziu, A. Moscato).

Figure 8: The SEM image of the micro-sample no. 126372-
F shows a thin gold leaf characterized by non-homogeneous
and riddled with holes feature (Photo: A. Bertagnini).

6. Discussion

6.1. Remarks about the
(MNR inv. no. 40799)

‘Annona  sarcophagus’

Traces of original gilding are visible with the
naked eyes or through stereomicroscope on the up-
per surface of the parapétasma, on clothes, on hair,
on the flame of the thymiatérion and in some at-
tributes of the personifications. It appears laid
in systematic efforts with solid lines (approx. 1
cm wide) over the red and blue traces of the
parapétasma (Fig. 3); on the other hand, on the
beard and hair it seems applied on top of a dark
yellow to reddish ground coat. A purple colour
substance is also discernible in association with the
gold on the hair of the Annona personification (Fig.
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1). It is very similar to the purple substance de-
tected on the marble surface of the ‘Acilia sarcoph-
agus’ (see Subsection 6.3). The crushed-grains pre-
pared does not allow us to see the stratigraphic se-
quence and provide an exact interpretation of data,
however the yellow-orange and bright red granules
related to iron hydroxides and oxides seem to con-
firm that in this case the gold leaf was applied on
a ground layer made of ochres. In addition, we are
in presence of uncommon corrosion process of the
gold leaf that has turned into colloidal gold par-
ticles of purplish colour (see Subsection 6.3). In
some parapétasma areas, the gold leaf is applied on
few preserved blue traces that the recent investiga-
tion through non-invasive Visible-induced Infrared
Luminescence-VIL imaging revealed made of Egyp-
tian blue pigment proving the OPM result [23], [9].

6.2. Remarks about the sarcophagus of Phaedra and
Hippolytus (MNR inv. no. 112444)

The gilding is preserved on the hair of the acrote-
rial masks, on the hair and beard of the figures, on
the manes and hairs on the hooves of the horse; and,
again, on the button of the coat and the eagle head
of Hippolytus’ sword, and the Cupid wings. Sim-
ilar to the ‘Annona sarcophagus’ the gold appears
applied especially on the hair and beard on top of
a dark yellow tending towards brown-reddish coat.
In addition, a direct inspection with the naked eye
and through magnifying glass has also detected a
purplish substance co-present with the gilding. The
reading of the crushed-grains of a micro-sample by
polarizing microscope has demonstrated that also
in this case the gold leaf is deteriorated and has
turned into colloidal gold particles. Therefore, the
purple colour substance is colloidal gold and not a
mordant substance to fix the gold leaf as usually
considered in the academic literature (see Subsec-
tion 6.3). Furthermore, the gold leaf is associated to
a gypsum matrix with dispersed granules that give
it a yellow-orange colour. These may represent the
traces of yellow and red ochre commingled. This
would lead us to think that the gold leaf was ap-
plied onto a coloured layer like as ‘bole’ technique
or, perhaps, over a secondary painting [9].

6.3. Remarks about the ‘Acilia sarcophagus’ (MNR
inv. no. 126372)

Traces of original gilding are discernible on the
upper surface of the scrolls, the togas and their si-
nus in a uniform appearance and linear shape of ap-
prox. 0.5 cm wide. On the other hand, gold appears



to have been applied in a non-uniform manner, as a
sort of hatching aimed at creating a ‘light vibration’
effect on the curls of hair and beard. The purplish
substance and blue material are co-present to gild-
ing or where the gold was at the beginning. The
analyses results performed until now reveal that the
gold leaf has a non-homogeneous and riddled with
holes feature probably due to degradation phenom-
ena [31]. That correspond to the transformation of
the gold leaf in colloidal gold, that is “a colloidal
suspension of sub-micrometric gold particles in a
fluid that takes on an intense red colour (for par-
ticles smaller than 100nm) or a dirty yellow (for
larger particle size )” [32], [33]. The purple element
is also ascribable to altered gold fragments if ob-
served in OPM at 90° spot and reflected light (see
Subsection 5.3). The results seem also to highlight
that the gold leaf was applied directly onto the mar-
ble or, more likely, onto a thin layer of kaolin with a
possible egg white. They also confirm that the pur-
ple substance is gold which had been transformed
into colloidal gold, rather than being a bole or mor-
dant for gilding as hitherto assumed in the aca-
demic reading [more details in [9]]. Heinrich Pien-
ing [34] also comes to a similar conclusion on the
purple element by UV-VIS spectroscopy, analysing
some preserved traces on the so-called ‘Artemide
of Copenhagen’ at the Ny Carlsberg Glyptotek of
Copenhagen (inv. IN 481). The UV-VIS-spectrum
seemed not to be produced by a dyestuff but showed
a remarkable similarity to gold purple, a synthetic
pigment made of gold and tin, which is known as
‘Purple of Cassius’. Excluding that it may be the
purple of Cassius [35], [36], Piening attributes the
triggering of the corrosion process of gold leaf to
magnesium oxide (MgO) or tin (Sn) which based
on his analysis are in the marble. Therefore, the
production of nano gold particles would be trig-
gered by the dissolution of such chemical elements
due to the humidity [34]. Piening’s experimentation
is interesting and meritorious, but the conclusions
that come to him pose some perplexity. Dolomite
marbles may contain magnesium oxide in a variable
percentage but hardly enclose tin, though this is
not impossible. Therefore, in a natural context, the
transformation of gold into colloidal gold due to the
dissolution of these chemical elements for humidity
is not entirely convincing [9]. On the other hand, it
is very likely that the process has been triggered by
a microbiological attack when the sarcophagus was
still underground and ongoing analysis will allow
me to confirm or refute this original hypothesis [9].
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Investigations are currently underway also on the
powdery material of intense blue colour observed
over the gold, so it is not possible to express it with
Hematite granules and a red madder
lake may have been used to paint the edges of the
togas, the scrolls, the hair and facial features as
evidenced by the residues of polychrome traces [9].

assurance.

7. Conclusions

The presented work yielded better knowledge
of gilding techniques used on Roman marble sar-
cophagi (see Tables 1 and 2) and confirms the com-
plexity of this topic (see Table 3), which requires
a combined approach, involving data integration
obtained through various analytical techniques to
be solved. However, the integration of macroscopic
and microscopic examinations results on one hand,
and archaeological and historical information on the
other hand, enabled me to identify the two meth-
ods used to apply the gold leaf. The technique we
have the most evidence for was to put the fine gold
leaf on top of a coloured layer made of iron oxides
and hydroxides used separately or mixed together
or of Egyptian blue or, again, of madder rose lake
mixed with other pigments. Sometimes, between
the gold leaf and the polychrome layer there was
also a thin coat of kaolin, which is often more dif-
ficult to identify in polished sections. In the other
technique, a fine gold leaf appears to have been ap-
plied directly onto the marble surface or on a pos-
sible thin layer of kaolin using an organic adhesive
of protein or oil-resinous nature. The first tech-
nique was found in the ‘Annona sarcophagus’ (see
Subsection 6.1) and in the sarcophagus with the
myth of Phaedra and Hippolytus (see Subsection
6.2). The same method seem also used on the sar-
cophagus with Victories holding a clypeus and Cu-
pids that performing a sacrificial rite preserved in
the National Roman Museum Baths of Diocletian
inv. no 23894 [9]. This technique has also proba-
bly used in the sarcophagus with myth of Diony-
sus and Ariadne at the National Roman Museum
Baths of Diocletian inv. no. 124682, where the gold
has been identified only thanks to a micro-sampling
performed to recognise the techniques used to apply
the colour [9]. Additionally, Tables 1 and 2 show
that in some sarcophagi only the colloidal gold is
still visible and which is also visible in same sar-
cophagi characterised by the gold leaf applied on
top of a layer of colour [9]. To conclude, colloidal
gold is also visible in some Hellenistic, Roman and



Medieval marble sculptures and in some Roman
sarcophagi re-painted and gilded (or re-gilded) in
medieval time, when they have been re-used as, for
example, those exposed in the Camposanto Monu-
mentale of Pisa [9].
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