Archeometriai Mithely 2024/XX1./3. 295

LAZURITE AT NOVGOROD: TECHNIQUES, MIXTURES,
PROVENANCE
LAZURIT NOVGORODBAN: TECHNIKAK, KEVEREKEK, SZARMAZAS °
GIUMLIA-MAIR, Alessandra R.G.12"=; DUBININA, Elena®*'="; VDOVICHENKO, Marina V.*=;
ZUBAVICHUS, Evgeniust'®’; RICCARDI, Maria Pia*'*’ & MUSA, Maya*

YInstitute of Archaeology, Russian Academy of Sciences, Moscow, Russian Federation
2AGM-Archeoanalisi, Merano, Bolzano, Italy
3Institute of Geology, Russian Academy of Sciences, Moscow, Russian Federation
“Dipartimento di Scienze della Terra, Universita di Pavia, Pavia, Italy

*E-mail: giumlia@yahoo.it

Abstract

An extensive collection of wall-painting fragments that in the 19" century was removed from the walls and
buried under the floor of the Cathedral of St. George was collected during the 2013-2023 architectural and
archaeological excavations on the area of the St. George’s Monastery at Veliky Novgorod (Russia), conducted
by the Institute of Archaeology of the Russian Academy of Sciences. Among the pigments there were different
kinds of blue, but the most common was rather pure lapis lazuli (lazurite), identified with XRF, SEM-EDS and
XRD. Lazurite was the most valuable and expensive ancient pigment, as it was extracted and imported from few
deposits, the most important of which was that of Sar-e-Sang in the Afghanistan region of Badakhshan.

Lazurite contains a significant amount of sulphur; therefore, the 5**S values of the blue pigment can be used to
identify the lazurite deposit. The sulphur isotope analysis was carried out using the CF IRMS technique with
FlashHT element analyzer. Lapis lazuli reference samples from Badakhshan (from +15.7 to 22.3%o), Tajikistan
(+17.6%0), and the Baikal (+45.4%o) deposits were analyzed and compared with the sulphur isotope composition
of the blue pigment employed at Novgorod. The §**S values of blue pigment from fresco fragments (from +21.1
to +23.5 %o) are close to the Badakhshan lapis lazuli reference samples. Therefore, we can confirm that the
origin of the blue pigment employed at Novgorod was the region of Badakhshan in Afghanistan.

Kivonat

Az Orosz Tudomanyos Akadémia Régészettudomanyi Intézetének munkatarsai 2013 és 2023 kozott intenziv
épitészeti es régeszeti feltaras végeztek a Velikii Novgorodban (Oroszorszag) talalhato Szent Gyorgy-
Katedralisban, amely soran olyan falkép toredékeket gyiijtottek nagy szamban, amelyeket a 19. szdzadban
tavolitottak el az épiilet falarol, majd a katedralis padloja ala temettek el. A pigmentek kizott tobbféle tipusu kék
szint talaltak, de a leggyakoribb a meglehetésen tiszta lapis lazuli (lazurit) volt, amit XRF, SEM-EDS és XRD
modszerekkel azonositottak. A lazurit volt a legértékesebb és legdragabb korabeli pigment, mivel kevés
lelhelyrél termelték ki és importaltak. A forrdsok koziil a legfontosabb az afganisztani Badakhshan régioban
talalhato Sar-e-Sang lelohely volt.

A lazurit jelent6s mennyiségii ként tartalmaz, ezért a kék pigment 6%S értékei felhaszndlhatok a lazurit
lelohelyének azonositisdara. A kénizotop vizsgdlata FlashHT elemanalizatorral ellatott CF IRMS technikaval
tortént. A Badakhshanbol (+15,7 és 22,3%o kozott), Tadzsikisztanbol (+17,6%o) és a Bajkal-to vidéki lelohelyrol
(+45,4%0) szarmazo lapis lazuli referenciamintakat elemeztiik és 6sszehasonlitottuk a Novgorodban alkalmazott
kék pigment kénizotdp-dsszetételével. A freskotoredékekbdl szarmazé kék pigment 534S értékei (+21,1 és +23,5%o
kozott) kozel dllnak a badakhshani lapis lazuli referenciamintakéhoz, ezért megerdsithetjiik, hogy a
Novgorodban hasznalt kék pigment eredete az afganisztani Badakhshan régio volt.
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Introduction

Some time ago three of the authors, together with
Prof. Vladimir Sedov, published a paper presenting
the first data from the analyses carried out on
fragments from the Cathedral of St. George
(Giumlia-Mair et al. 2022). A second paper, dealing
with the preparation layers of the murals, was
published one year later (Giumlia-Mair et al.
2023a). A further paper presenting the latest
analyses of earlier and later pigments and on the
differences in the plasters has been recently
published in this journal as well (Giumlia-Mair et
al. 2023b). The present paper focuses on lazurite
pigments, and the aim is that of deepening the
knowledge on the blue colour pigments, the
mixtures, how they were applied and especially the
provenance of the pigment. The analyses were
carried out with different methods: XRF, SEM-
EDS, Raman, and CF IRMS technique with
FlashHT element analyzer. The most important
analysis for this paper is the isotopic study of the
sulphur present in the pigment that determined the
provenance of the lazurite samples from the
fragments of the wall-paintings.

The history of the monument

The Cathedral of St. George in the Yuriev
Monastery in Novgorod is one of the oldest
surviving architectural monuments in Russia.
Several researchers addressed various aspects of the
temple in the past (Karger 1946; Sarabyanov 1998;
Sarabyanov 2002; Lifshits et al. 2004; Sarabyanov
2012; Sedov et al. 2014, 2015, 2016, 2019).

The beginning of construction by order of prince
Vsevolod Mstislavich in 1119 is known from the
Novgorod chronicle. The cathedral was consecrated
in 1130, but there exists no written evidence on the
wall-paintings that were certainly completed around
1130. The wall-paintings of the 12" century were
renovated at the turn of the 17"-18™ centuries and
again later in the 18" century (Sedov 2021; Etinhof
2016). The paintings were first removed from the
walls in the 1820s and were buried under the new
iron floor. In 1825-1827 the cathedral was re-
painted, however in 1898-1902 these murals were
also removed. The wall-paintings now visible in the
Cathedral were depicted in 1902.

The study of the pre-Mongolian wall-paintings was
one of the main goals of the architectural and
archaeological excavations in 2013-2023. These
paintings are one of the earliest monumental
ensembles of pre-Mongolian Russia, the time of the
birth of Russian art. They have exceptional artistic
quality, testifying to their creation by talented and
experienced artists coming to Novgorod from Kiev
or even Byzantium.
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The excavations

Fragments of the 12" century paintings were first
discovered during the 1930s research by M. K.
Karger, who removed the cast-iron floor of the 19t
century in the two western transepts and found a
25-30 cm thick filling of "fragments of plaster with
fresco painting" (Karger 1946). The most
significant fragments were published in 1946 in the
journal "Soviet Archaeology"”, as first presentation
of pre-Mongolian paintings to the scientific world.
Later, there were single finds of fragments around
the monastery, and in the 1990s, during the repair
of the Oryol building; more were discovered in its
vaults and in a trench along it (Etinhof 2016). In
2013, the team of the Institute of Archaeology of
the Russian Academy of Sciences, led by V. V.
Sedov, laid a pit in the central apse, and discovered
12" century fragments under the cast-iron floor of
the 1820s. About 60 trays (0.47 x 0.65 m) were
collected from one pit and transferred to the
Novgorod Museum, but among them there were no
exceptional specimens.

The 2014-2015 excavations in the interior of the
Cathedral yielded instead amazing results with over
one hundred thousand fragments gathered in the
eastern half of the temple. Among them are more
than one hundred fragments of faces and parts of
faces and bodies (Fig. 1.). Historically important
graffiti inscriptions were also recovered (Gippius &
Sedov 2015). Between 2015 and 2021, more
excavations were carried out around the cathedral.
The collection was annually augmented by 30-50
trays. In 2022, a new layer with fragments was
recorded in a pit to the east of the St. George's
Cathedral and yielded 120 trays of fragments
(measuring 0.26 x 0.41 m).

Fig. 1.: The photo shows a number of boxes filled
with fragments and one of the boxes containing
blue fragments

1.abra: Faltoredékekkel teli tartddobozok,
amelyek egyike kék szinii toredékeket tartalmaz.
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Fig. 2.: Optical microscopy shows the blackish
substrate (called reft) under the lazurite pigment.
Fragment No. 3481.

2. abra: A lazurit pigment alatt lathato fekete
alafestés (reft) optikai mikroszkopos felvétele.
3481-es minta.

Fig. 3.: In the case of fragment No. 1469 the
lazurite pigment had been applied directly on
plaster, without any blue clay or reft substrate
(optical microscopy, carried out with a Modular
Microscope ADF W300 in reflected light, and
micro photos taken with a microscope camera ADF
STD 16).

3.abra: Az 1469-es minta esetében a lazurit
pigmentet kozvetleniil a vakolatra vittek fel, kék
agyag vagy reft alafestés nélkiill (ADF W300
modularis  mikroszkoppal  visszavert fényben
végzett optikai mikroszkdépos vizsgélat, ADF STD
16 mikroszkopos kameraval készitett mikrofotd)

In 2023, the excavation area was enlarged and
about 400 trays of wall painting were recovered.
More fragments might be under the pavement of the
paths. We hope to extract the part under the lawn in
the next archaeological seasons.
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Lazurite pigments at Novgorod

The area of wall-paintings with lapis lazuli as
calculated from the blue fragments recovered up to
now (about 7% of all collected fragments) was at
least around 70-80 m2. The surface painted with the
blue pigment would have covered around 180 m?
and, in the entire temple, it would have been around
226 m?, As an average layer is around 50 pm
(0.05 mm) thick, the lazurite employed for the
entire painted surface inside the church would be
9.2 liters of dry lazurite (without taking the binder
into account). This indicates an unprecedented rich
order, made by prince Vsevolod Mstislavich, for a
monumental painting in the Cathedral. As discussed
elsewhere (Giumlia-Mair et al. 2023b), the analyses
showed that the blue pigment, applied for the 12t
century paintings, consists of lazurite, i.e., ground
lapis lazuli. Further studies showed that the lazurite
was employed in different ways to achieve a variety
of nuances.

In our 2023 publication (Giumlia-Mair et al. 2023b)
we pointed out that, contrary to what was stated in a
previous article reporting the opinion of a
conservation expert based only on naked eye and
microscopy observations (Etinhof 2022), most of
the fragments painted with lazurite show a dark
substrate, called reft in all Russian literature
(Fig. 2.). Most of them also show a special
preparation with a layer of blue clay under lazurite
and reft (see Giumlia-Mair et al. 2022, 114, fig.10).
It is generally thought that reft was a mixture of
calcium carbonate white and powdered charcoal
(Giumlia-Mair et al. 2023a, 2023b). Only in very
few specimens, for example No. 1469 (Fig. 3.), the
lazurite layer was directly applied on the white
plaster, typical for the 12 century, with only very
little straw, wood shavings or fine sand grains as
aggregates. For this paper we analysed several blue-
painted fragments dated to the 121" century. When a
more intense blue was required, the painter added a
dark layer (the one we call reft) under the lazurite
fragment, however the SEM failed to recognize
fragments of powdered charcoal in the blackish
layer under the lazurite (see Fig. 4.). This means
that, instead of charcoal, some soot (i.e. amorphous
carbon) was mixed with the blue clay (or part of it),
employed as a substrate for the lazurite. As
discussed elsewhere, on one of the late samples a
mixture of synthetic azurite, lead white, white
barium sulphate and a small amount of lazurite
were identified (Giumlia-Mair et al. 2022). Because
of the technique employed in applying the pigment,
the plaster rich in rough sand as additive, and the
synthetic azurite and barium sulphate white, we
date the mixture to the renovations that happened at
the turn of the 17"-18™ or later in the 19" century
(see also Giumlia-Mair et al. 2022, 115, figs. 13-
15).
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Fig. 4: Cross section of fragment No. 3481 (see also
Fig. 2). (A) SEM-BSE micrograph showing the
stratigraphy: the upper layer consists of natural lazurite
containing phlogopites, sodalite, diopside and other
minerals, applied on a thin layer of blue clay. The
SEM examination did not show charcoal particles in
the black lower layer, visible instead, for example, in
sample No. 1502. The black colour is probably due to
an admixture of the clay with soot (amorphous
carbon). (B) Cross section with PPL and XP showing
the lazurite pigment layer and the reft layer.

4. abra: A 3481. sz. minta keresztmetszete (lasd még a
2. abrat). (A) A rétegrendet mutatd SEM-BSE felvétel.
A felsé réteg természetes lazuritbol all, amely
flogopitot, szodalitot, diopszidot és mas asvanyokat
tartalmaz, és vékony kék agyagrétegre van felhordva.
A SEM-vizsgalat nem mutatott ki faszénszemcséket az
also fekete rétegben, amelyek példaul az 1502. sz.
mintaban lathatéak. A fekete szin valészinlileg az
agyag korommal (amorf szénnel) valo keveredésének
koszonhetd. (B) A lazurit pigmentréteget és a reft
réteget mutatd optikai mikroszkoépos (PPL és XP)
felvételek.

Further, on a preparation dated to later phases,
powdered charcoal mixed with a small amount of
lazurite, was employed to achieve a deep bluish
colour (Fig. 5.). Optical microscopy and SEM-EDS
showed a thick substrate of red ochre with charcoal
under the bluish layer.

One of the most important observations is that,
even in the case of later specimens, the blue colour
was always obtained by mixing at least some
lazurite with other pigments or reft.

For the characterization of the phases micro-Raman
spectroscopy has been also applied without sample
preparation. We focused the laser source (532 nm)
by the optical system (80x magnification) on the
blue crystals and obtained the spectra of Fig. 6A.

The Raman bands at 257, 280, 546, 584, 804, 1091,
1120 and 1640 cm™ are ascribable to the lazurite
phase. On the other hand, when analysing the
darker  blue-greyish  samples, we detected
characteristic bands corresponding to G and D
vibrational modes in graphite structure (Fig. 6B).

The broad aspect of those bands must also be noted,
as it suggests low crystallinity of the graphite or
only hexagonal carbon-carbon bonds as per
graphene disorder layers (Zaitsev 2010). Thus, the
Raman data acquired on the samples’ surface
without preparation, confirmed the interpretation of
the previous analyses.
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Fig. 5: Later dated fragment No. 1502. (A) Optical microscopy showing a layer of blue pigment consisting of a
mixture of calcium carbonate, powdered charcoal and a small amount of lazurite applied on a red layer of red
ochre mixed with powdered charcoal. A large quartz sand grain and small charcoal inclusions can be recognized
in both pigments. (B) The higher magnification shows both the lazurite and the charcoal particles in calcium
carbonate.

5. abra: A késobbre datalt 1502. sz. minta optikai mikroszkopos vizsgalata. (A) A kék pigmentréteget, amely
kalcium-karbonat, faszénpor és kis mennyiségli lazurit keverékébdl all, voros rétegre vittek fel, amely
faszénporral kevert vords okkerbol késziilt. Egy nagyméretii kvarc homokszemcse és apro faszénzarvanyok
felismerheték mindkét rétegben. (B) A nagyobb nagyitdson mind a lazurit, mind a faszénszemcsék jol
megfigyelhetdk a kalcium-karbonatban.
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Fig. 6: Raman spectra acquired by focusing the source on the blue crystal (A) and on the darker grey ones (B),
corresponding to lazurite and graphene, respectively. The 532 and the 633 nm Raman laser sources have been
focused by 80x objective on the crystals shown in the micrograph images.

6. abra: A kék kristalyra (A) és a sotétebb sziirke kristalyokra (B) fokuszalva felvett Raman-spektrumok,
amelyek lazuritnak, illetve grafénnek felelnek meg. Az 532 és a 633 nm-es Raman-lézerforrast 80x objektivvel
fokuszaltuk a mikroszkopos képeken lathato kristalyokra.
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The provenance of the lazurite pigment

Lazurite had to be imported from far away and was
expensive, indeed the most precious pigment in use
in antiquity. Now lapis lazuli is also found in
Siberia, near Lake Baikal. It is known that the
exploitation of the Baikal deposit began no earlier
than the 18" century, but, as there are other
possibilities, such as for instance the deposits in
Tajikistan, and the minerals from the various
deposits differ from each other, it still seemed
useful to investigate the place of origin of the blue
pigment from the Cathedral. Numerous studies for
the determination of the provenance of lazurite
exist, so that only a few can be mentioned here (see
for example Guidorzi et al. 2022; Lo Giudice et al.
2009; Schmidt et al. 2009; Re et al. 2011, 2013;
Law 2014). Several methods have been used to
determine the origin of the mineral: more
traditional like Raman, X-ray diffraction, micro-
XRF, but also particle-induced X-ray emission
(PIXE), particle-induced gamma-ray emission
(PIGE), prompt-gamma activation analysis (PGAA)
and ionoluminescence (IL). To confirm the origin
of our lapis lazuli, we needed samples from various
deposits, which were kindly provided by the A. E.
Fersman Mineralogical Museum. After consul-
tations with the museum staff and geologists, it was
decided to conduct an isotopic analysis on the
sulphur from the lapis lazuli admixture for
determining its provenance. This analysis is rela-
tively innovative in the study of pigments (Law
2014) and was carried out by E. O. Dubinina,
Laboratory of Isotope Geochemistry and Geochro-
nology of the Institute of Geology of Ore Deposits
of the Russian Academy of Sciences, co-author of
this article, and a specialist in sulphur isotopes.
Three samples of blue pigment from the Cathedral
and five samples from modern lapis lazuli deposits,
such as the Pamirs and Siberia were provided.

Sulphur isotope composition of natural
lapis lazuli and pigment of the wall-
paintings

Rationale for the approach

The main feature of lapis lazuli is the diverse
content of different forms of sulphur in the mineral
molecule - from reduced (S%*) to completely
oxidized, or as sulphate (SO,*). Between these
forms of sulphur, a significant thermodynamic
isotope fractionation takes place. For example, at
400 °C the isotopic fractionation of sulphur A%S
(=86%S(S04%)- 5%S(S%)) between its oxidized and
reduced forms is 20.3%o, at 600 °C it is 11.3%o, and
at 800 °C - about 6%o (Sakai 1968). Consequently,
the amount ratio of the sulphur reduced to oxidized
in the mineral molecule will affect the total sulphur
isotopic composition of lapis lazuli if it was formed
under open system conditions. As a rule, the lapis
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lazuli formation is associated with high temperature
metasomatism (Korzhinsky 1947, 1953; Blaise &
Sesbron 1966; Efimov & Suderkin 1967;
Davydchenko 1972), which is quite consistent with
the conditions of an open system. In turn, the ratio
of reduced and oxidized forms of sulphur in the
mineral is determined, first of all, by the redox
conditions of lapis lazuli formation, and this
parameter can also be a diagnostic feature of a
particular deposit.

Therefore, the isotopic composition of sulphur in
lapis lazuli is a reliable parameter. On one hand, it
reflects the isotopic composition of sulphur in
mineral-forming solutions. On the other hand, it
also shows the redox conditions and temperature of
mineral deposition. In addition, the total sulphur
content in lapis lazuli can also be a diagnostic
feature, since it is determined by the sulphur
content in the rock through which high temperature
metasomatism occurs (Korzhinsky 1947, 1953;
Khoreva 1955). Thus, when identifying lapis lazuli
and blue pigments from archaeological samples, it
makes sense to determine not only the §**S values
in lapis lazuli, but also to estimate the total sulphur
content in the same sample in order to use two
diagnostic features instead of one. In the case of a
pigment, this approach works only for samples
consisting of almost pure lapis lazuli.

One of the methodological problems is the presence
in lapis lazuli of thin invisible inclusions of pyrite,
which are difficult to physically separate from the
mineral. The methodological recommendations to
remove pyrite before the sulphur isotope analysis of
lapis lazuli (Law 2014) are certainly correct, but
when analysing lapis lazuli to solve problems of its
provenance the removal of pyrite is not necessary.
Firstly, the amount of invisible pyrite is a feature of
specific lapis lazuli deposits, and secondly, we
would have to assume that during the manufacture
of pigments in the 12th century, special and
efficient operations were carried out to completely
separate pyrite and lapis lazuli. It is just possible
that the flotation method was used to purify the
ground raw material, however this method does not
eliminate microscopic inclusions of dispersed
pyrite. Nevertheless, we have to keep in mind that,
if in the laboratory the flotation purification of a
sample is applied, it would be a subjective factor
that is difficult to correlate both with natural
variations in the parameters (content, isotopic
composition) of sulphur in the sample, and with the
variations in the archaeological materials.

According to Law (2014), the sulphur isotopic
composition of pyrite impurities is close to the
isotopic composition of lapis lazuli due to the high-
temperature origin of this mineral. For Badakhshan
lapis lazuli, the difference between the §**S values
of lapis lazuli and pyrite is 4.6%o, and for lapis
lazuli from Tajikistan it is 6.6%0 (Law 2014). With
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such a difference in the isotopic composition of
sulphur, pyrite impurities can affect the results of
isotopic analysis, which is currently carried out
with an accuracy of +0.3%o (1c), when the pyrite
amount exceeds ~2%. However, in this case the
pyrite content in the sample is visible, and it renders
possible to mechanically clean it.

These considerations elucidate the approach used in
our work to identify the 12™ century pigments from
the Cathedral of St. George. At first, we analysed
some samples of natural lapis lazuli from known
deposits in Afghanistan, Tajikistan, and Russia, to
obtain the diagnostic sulphur characteristics (5%S
and C(S)) of lapis lazuli of different origins.

Analytical procedures

The sulphur isotope analysis was carried out by
isotope mass spectrometry in a constant flow of
helium (CF-IRMS) on a DELTA V+ mass
spectrometer combined with a FlashHT1112
elemental analyzer (Thermo, Germany) in the
Laboratory of Isotope Geochemistry and
Geochronology of the IGEM RAS (Moscow). The
calibration of the measured §**S values relative to
the international standard VCDT was carried out by
analysing IAEA reference materials (S-1, S-2 and
S-3) that were analysed simultaneously with the
studied samples.
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The top layer of blue pigment was scraped off the
surface of the fresco fragments using a diamond
needle. The scraping depth was controlled under a
binocular lens. The substance obtained was ground
to a fine powder in an agate mortar. Samples of
natural lapis lazuli were ground in the same way.
The weight of both lapis lazuli and pigment
samples was exactly the same (0.9 mg). The same
portion (0.9 mg) of the V:0s oxidizing agent
(analytical grade) was added to each sample. The
mixture of the sample and the oxidizing agent were
placed in a tightly packaged tin container. The
containers were placed, together with the standards
put in similar containers, into the autosampler (AS-
2000) for solids mounted on a FlashHT1112
peripheral device. The samples packed in tin
containers were loaded by autosampler into a quartz
reactor, filled layer by layer with tungsten oxide
and electrolytic copper and heated to T = 1020 °C.
The entire system was purged with high purity
helium (grade 6.0) with the rate of 90 ml/min.

When the sample entered the reactor, a small
portion of oxygen was supplied, resulting in instant
high-temperature (1800 °C) combustion of the
sample container. The released gas passed through
the appropriate layers of the reactor in a helium
flow, a special dehydrator, and entered a
chromatographic column heated to 105 °C.

Table 1.: Isotopic composition (§%*S) and sulphur content (C(S)) in samples of natural lapis lazuli and blue
pigment of the frescoes of the Cathedral of St. George (Novgorod).

1. tablazat: Természetes lapis lazulibol és a Szent Gydrgy-katedralis (Novgorod) freskoinak kék pigmentjébol
szarmaz6 mintak izotopdsszetétele (534S) és kéntartalma (C(S)).

Sample No. Sample description C(S), pg/mg 3%S (VCDT), %o
Natural lazurite samples
FN-807 Baikal (Slyudyanka), Russia 32 45.3
FN-804_900 Baikal (Malaya Bystraya), Russia 32 45.4
FN-808 Badakhshan, Afghanistan 8 22.3
FN-805 Badakhshan, Afghanistan 20 15.7
FN-806 Lyajvar-Dara, Tajikistan 12 17.6
Blue pigment samples of the frescoes of the Cathedral of St. George
Lasur_2021 11 22.6
Lasur_21B17 Novgorod, Russia 15 235
Lasur_21BI147 14 21.1
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Fig. 7.: Diagnostic diagram C(S)-6%S for natural lapis lazuli. Data are applied for the pigment of the frescoes of
the Cathedral of St. George (12™ century, Novgorod), which fully correspond to the composition of lapis lazuli
of Afghan and Tajik origin. Thick vertical lines are the interval of variations in the 534S value for lapis lazuli of

the corresponding deposits according to Law (2014).

7. abra: A természetes lapis lazuli C(S)-6%S diagnosztikai diagramja. Az adatokat a Szent Gyorgy-katedralis
(12. szazad, Novgorod) freskoinak pigmentjére alkalmazzuk, amely teljes mértékben megfelel az afgan és
tadzsik eredetli lapis lazuli 6sszetételének. A vastag fliggdleges vonalak a megfelel6 leldhelyek lapis lazulijanak
534S-értékében a Law (2014) szerinti eltérések intervallumat jeldlik.

As a result of chromatographic purification, the
sample, represented by a portion of SO? gas in a
helium flow, was transferred through the ConFlolV
gas commutator device to the inlet system of the
DeltaV+ mass-spectrometer (Thermo, Germany).
The accuracy of the %S value determination
obtained by the multiple analyses of IAEA
standards, was +0.3%0 (lc). The sulphur
concentration was determined by calibrating the
chromatographic peak area with the accuracy +5%
(1c). The results of the isotopic composition
measurements (8%4S in per mil, %o) and sulphur
content (C(S) in micrograms of sulphur in one mg
of the sample are given in Table 1.

Analysis of natural lapis lazuli

As follows from Table 1., lapis lazuli from the
Baikal deposits contains the maximum amount of
sulphur (32 pg/mg). Lapis lazuli from Afghanistan
(Badakhshan) and Tajikistan (Lyajvar-Dara) are
characterized by sulphur contents 2 to 4 times
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lower. The isotopic composition of sulphur also
differs: the highest %S values are characteristic of
lapis lazuli from the Baikal deposits (= 45%o), and
the lowest for deposits of Afghanistan and
Tajikistan (15.7-17.6%o). Based on these data, it is
possible to draw up a preliminary diagnostic
diagram, which can later be supplemented by the
results obtained both for lapis lazuli from other
deposits and pigments from known archaeological
objects (Fig. 7.). Unfortunately, the few published
data do not contain information about the sulphur
content of the sample and cannot be plotted on this
chart. However, for comparison, we present the
intervals of variations in &S values from the
review by Law (2014). Our preliminary data show
that for lapis lazuli of Afghan and Tajik origin there
is an inverse correlation between C(S) and &%S
values, which can be explained by variations in the
content of trace pyrite in the sample. This explains
why the 6%S value decreases with increasing
sulphur content. For the Baikal samples, such
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relationship between the C(S) and &%S values was
not found. This may be due to the minor effect of
dispersed pyrite impurities compared to the high
sulphur background in lapis lazuli from Baikal
deposits.

Analysis of pigments from the Cathedral of St.
George (Novgorod)

The data obtained by analysing scrapings of
fragments with blue pigment from the Cathedral of
St. George in Novgorod are fully consistent with
the composition of natural lapis lazuli of Afghan or,
possibly, Tajik origin (Fig. 8.). However, the
greatest agreement is observed between the samples
from the Cathedral (5**S from 21.1 to 23.5%0) and
the Afghan lapis lazuli sample FN 808. It is
interesting that the sulphur content in this sample is
minimal (C(S) = 8 ug/mg). Apparently, the lapis
lazuli was carefully chosen for producing pigments
with a minimal amount of pyrite impurities, as they
worsen the properties of the pigment. Therefore, we
can assume that when selecting raw materials for
the blue pigment, lapis lazuli with few foreign
inclusions, including pyrite, would be favoured.
The sulphur content in the scrapings from the
Novgorod samples is close to the sulphur content in
samples of pure Afghan lapis lazuli. This indicates
that the composition of the pigment is close to that
of pure natural lapis lazuli.

Conclusions

The blue pigments employed in the 12" century in
the mural paintings of the Cathedral of St. George
at Novgorod consisted of lazurite, mainly applied in
combination with reft, the mixture of calcium
carbonate white and powdered charcoal or soot, and
mainly with a substrate of blue clay. In very few
cases the lazurite pigment was applied on the
plaster, without any preparation underneath.

After XRF and SEM-EDS it was decided to
determine the provenance of the lazurite in use at
the St. George Cathedral by isotopic analysis of
sulphur. The investigation was carried out by CF
IRMS technique with FlashHT element analyzer at
the Laboratory of Isotope Geochemistry and
Geochronology of the Institute of Geology of Ore
Deposits of the Russian Academy of Sciences, by
E. O. Dubinina. The results of the analysis indicate
that the lapis lazuli employed as a pigment at
Novgorod came from the deposits in the region
Badakhshan in Afghanistan.
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