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ABSTRACT
The blue pigment and the plaster layer of Michelangelo’s fresco “The Last Judgment” have been
characterized by means of powder XRD, FT-IR, and Raman spectroscopy, as well as analytical TEM
and SAED. The pigment is composed of a mineralogical assemblage that is consistent with a raw
lapis lazuli rock. To try to deÞne the provenance of this pigment, we investigated various lapis lazuli
samples from different deposits that are currently considered as possible sources of the material. According to our results, the provenance of the pigment is quite dubious but the Pakistani one seems
the most probable.
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INTRODUCTION
“The Last Judgment” of Michelangelo is one of the most
famous frescoes in the world (Fig. 1). The early stages of the
fresco project were discussed in 1533 by Michelangelo and
Pope Clemente VII (Giulio de’ Medici 1523–1534), but the artist
started the work in 1536 and completed it in 1541 under Pope
Paul III (Alessandro Farnese 1534–1549).
During restoration of the fresco (1990–1994), great attention
was devoted to the blue pigment constituting the sky that was
affected by alteration processes leading to a signiÞcant bleaching (Chiari 1994). Such alteration has been ascribed to ancient
restoration attempts carried out by means of sponges soaked in
wine to remove the candle soot (Morresi and Gabrielli 1999).
The pigment, composed of Þnely ground lapis lazuli (“oltramarino”), was applied over a 4 mm thick plaster layer made of a
glassy pyroclastic material (“pozzolana”) mixed in a 3:1 ratio
with lime and/or quartziferous sand and a layer of the so-called
“bianco sangiovanni” (lime) that acted as a binding medium for
the pigment. Locally the plaster is surmounted by a very thin
glazing of red ochre (Mancinelli 1999). The lapis lazuli was
purchased initially in Venezia and, subsequently, in Ferrara. A
limited amount of azurite (“azuro todesco”) also was acquired
in Ferrara, this being the only reported exception to the purchase
of lapis lazuli as a blue pigment.
Lapis lazuli is a semiprecious rock widely used as an ornamental stone since the Neolithic period, that is to say, in the seventh and
sixth millennia BC (Barthelemy de Saizieu 1988). It is mainly composed of lazurite (the mineral responsible for the blue coloration
of the rock), calcite, diopside, feldspars, phlogopite, and pyrite.
Lazurite is a member of the sodalite group of feldspathoid minerals
whose structural features were reported by Hassan et al. (1985)
and Rastsvetaeva et al. (2002). The most common members of the
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family are hauyne, nosean, sodalite, and lazurite. The structure of
the sodalite-group minerals is characterized by superposed layers
of six-membered rings of Si-Al tetrahedra following the stacking
sequence ABC (Merlino 1975). The resulting framework has
zeolite-like features and contains truncated octahedral cages also
known as sodalite or β-cages. These cages contain the remaining
2–
+
+
+
anions (Cl–, SO2–
4 , S , H2O, etc.) and cations (Na , Ca , and K ) of
the structure. According to Hassan et al. (1985), lazurite has the
idealized formula Na6Ca2(Al6Si6O24)S2, but the S2– is commonly
replaced by SO2–
4 groups (Rastsvetaeva et al. 2002). Many papers
have addressed the origin of the blue color of lazurite and, in
particular, of the synthetic equivalent ultramarine (Cotton et al.
1976). At present, the explanation of the ultramarine, and therefore
lazurite, blue chromophore is the presence of a disordered S3– group
(S-S bond distance of ca. 2.0–2.1 Å, S-S-S angle of ca. 110°). The
partial substitution of S2– (yellow chromophore: S-S bond distance
of ca. 2.1–2.25 Å) for S3– accounts for the green color of lazurite
and ultramarine samples, whereas the red variety is characterized
by the presence of S2– and S3– groups and, possibly, a neutral S4
group (Clark and Cobbold 1978). According to neutron powder
diffraction and 29Si Magic Angle Spinning Nuclear Magnetic
Resonance (MAS NMR) data, Tarling et al. (1988) indicated that
ultramarine has the idealized formula Na7.5(Al6Si6O24)S4.5, and
shows a disordered Si-Al distribution.
This work is part of a broad investigation to understand the
reason(s) for the reported bleaching of the blue pigment in the
sky of “The Last Judgment.” We have undertaken a detailed
mineralogical characterization of the blue pigment and the plaster
layer by powder X-ray diffraction (XRD), Raman, and IR-spectroscopy, and analytical transmission electron microscopy (TEM)
and electron diffraction.
To constrain the possible provenance of the pigment, we
have characterized some samples of lapis lazuli from different
localities that, according to archaeological evidence, may be
considered as possible candidates.

