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a b s t r a c t
Dendrochronology is usually the only method of precise dating of unsigned art objects made on or of
wood. It has a long history of application in Europe, however in Russia such an approach is still at an
infant stage, despite its cultural importance. Here we present the results of dendrochronological and
radiocarbon accelerated mass spectrometry (AMS) dating of three medieval icons from the 15th–17th
century that originate from the North of European Russia and are painted on wooden panels made from
Scots pines. For each icon the wooden panels were dendrochronologically studied and ﬁve to six AMS
dates were made. Two icons were successfully dendro-dated whereas one failed to be reliably cross-dated
with the existing master tree-ring chronologies, but was dated by radiocarbon wiggle-matching. Wigglematching of radiocarbon dates is the most promising method for dating Russian icons in the absence of a
dense dendrochronological network. However, for this case uncertainties connected with the radiocarbon
method have to be taken into account and further studies of these uncertainties must be undertaken by
comparing dendro-dated and radiocarbon-dated wooden works of art. Our results, moreover, showed
that in two cases art-historical dates were by ﬁve to ten decades older than the earliest possible time of
the creation of the icons, based on dendrochronology.
© 2015 Elsevier GmbH. All rights reserved.

1. Introduction
Dendrochronological dating is usually the only method of precisely dating unsigned art objects made on or of wood. Whereas
numerous studies are dedicated to this topic in Europe (e.g., Bauch
and Eckstein, 1970; Lavier and Lambert, 1996; Kuniholm, 2000;
Wazny, 2002), there are quite few of them in Russia (here we take
only the European part of the country). In Eastern Europe several
works were carried out on radiocarbon dating (Kovalyukh et al.,
˛
2001) and on dendrochronological dating (Krapiec
and Barniak,
2007) of icons painted between the 12th and 19th century.
Up to now, medieval Russian icons were mostly studied by
art historians and chemistry technologists, but they usually date
these objects on the basis of an empirical relative chronology. This
chronology is based on several historically dated Russian icons.
Usually it is not possible to deﬁne a precise date of creation of
historically undated icons on the base of such chronologies. Time
intervals for these dates are usually twenty to thirty years wide.

∗ Corresponding author.
E-mail address: matskovsky@igras.ru (V. Matskovsky).

In Russia previously only one art object has been dated
dendrochronologically—it was a Dexiokratusa icon from Velikiy
Novgorod (Voronin et al., 2015). There are two main reasons for
this poor state of such research: (1) sparse dendrochronological
network mainly representing coniferous species (mainly pine and
spruce) and (2) problems with getting permission for the analyses
of art objects in museums and galleries.
The three icons—“Mother of God with the Child, Jerusalem type”
(MOG), “St. Nicholas of Myra in Lycia with scenes of his life” (NIC)
and “St. George and the Dragon miracle” (GEO) have been selected
for the analysis because they are painted on coniferous panels, they
represent one region—North-West (NW) of European Russia (ER),
which has a dense dendrochronological network (Fig. 1) and a continuous period of art development—from the early 15th to 17th
century according to attributions by art historians and chemistry
technologists. The purposes of this study were (1) to acquire precise
and reliable dates for the icons; (2) to compare them with previous attributions by means of an art-historical analysis and chemical
analyses of pigments; and (3) to assess additional statistical material for comparison of dendrochronological and radiocarbon dates
from medieval icons in the NW ER.

http://dx.doi.org/10.1016/j.dendro.2015.10.002
1125-7865/© 2015 Elsevier GmbH. All rights reserved.
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Fig. 1. Map of Europe (inset) and of the study region in Western Russia. Reference tree-ring chronologies of pine are marked with large blue circles (numbers correspond to
the ones in Table 1). Locations of the icons are marked with squares and codes. Towns are marked with small black circles. All toponyms in the text are reﬂected on the map.
(For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)

2. Materials
2.1. The icon “Mother of God with the Child, Jerusalem type”
(MOG)
The MOG icon was painted on one wooden panel of 64 cm high,
43 cm wide and 2.5 cm thick (Fig. 2). It belongs to the type of image
of the Mother of God which was popular in the lands of Velikiy Novgorod in the 15th–16th century. The art historian O.V. Lelekova and
the chemistry technologist M.M. Naumova (National Institute of
Renovation, Moscow, personal communication) referred this icon
to the Velikiy Novgorod art tradition of the beginning of the 15th
century. E.M. Sayenkova (National Tretyakov Gallery, Moscow, personal communication) attributed this icon to the same art tradition
and time period.

2.2. The icon “St. Nicholas of Myra in Lycia with scenes of his life”
(NIC)
The NIC icon was painted on a wooden panel consisting of two
boards, which were later ﬁxed by three additional boards on the
back (not analyzed). These two boards were produced from one
tree. The size of the icon is 78 cm high, 61 cm wide and 3.4 cm thick
(Fig. 2). The icon belongs to a small group of the Russian medieval
icons with a red background. This type of icons was painted in Russian lands from the 13th to the 15th century. O.V. Lelekova and
M.M. Naumova refer this icon to the beginning of the 15th century.
E.M. Sayenkova also refers this icon to the ﬁrst half of the 15th cen-

tury, possibly made by an unknown master from Rostov Velikiy
(Sayenkova, 2011).
2.3. The icon “Saint George and the Dragon miracle” (GEO)
The GEO icon was painted on a wooden panel made from one
board of 73 cm high, 54 cm wide and 3.7 cm thick (Fig. 2). The gesso
of this icon, which is the ground coat for the painting, is based on
chalk. According to the style of painting it was created in the Russian North between the end of the 16th—the beginning of the 17th
century.
It is not always possible to determine the exact location where
the icon has been painted. For the three icons it was only possible to trace them back to the locations on the map (Fig. 1): MOG
and NIC were brought from Vologda and GEO from Ferapontovo,
Vologda region. From additional sources it is more likely that the
GEO icon was not transported before, but MOG and NIC probably
were. Nevertheless the good condition of the wood reﬂects “northern” conditions for the residence of the icons because the icons are
not damaged by wood destructive insects.
3. Methods
For dendrochronological analysis, the upper or lower edge of
the panel was prepared with a sharp razor blade and then highresolution macro-photographs of cross-sections of the boards were
taken. These photographs were combined, and each tree ring was
marked and measured in CooRecorder© (Cybis, 2006) to obtain an
accurate tree-ring width series. Cross-dating was performed by
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Table 1
Reference tree-ring width chronologies of pine.
#

Place

Description

Ref.

Approx.
coordinates

# of samples

Years AD

1

Solovki

Solomina et al., 2011

65.09N 35.64E

243

1185–2009

2

Onega

Solovki islands, White
sea. Living trees,
architectural wood
Arkhangelsk region.
Architectural wood
(churches)

63.48N 39.14E

62

1367–1784

3

Kirillov

59.86N 38.37E

282

1085–2009

4

Vologda

59.22N 39.88E

215

1518–1881

5

Novgorod

58.52N 31.28E

92

1102–1514

6

Kostroma

Chernykh and Sergeeva, 1997,
updated in the Institute of
Geography, Russian Academy
of Sciences (IGRAS), 2013
Solomina et al., 2011;
Karpukhin and Matskovsky,
2014
Karpukhin, 2009; updated in
IGRAS (2013)
ITRDB (russ1); Kolchin, 1963;
Tarabardina, 2001,
corrected and updated in
IGRAS, 2014
Unpublished, constructed in
IGRAS, 2015

57.76N 40.92E

12

1283–1511

Vologda region. Living
trees, architectural and
archaeological wood
Vologda town.
Architectural wood
Novgorod town.
Archaeological wood

Kostroma town.
Archaeological wood

# Equals No. (or Number).

Fig. 2. Icons studied (from left to right): “Mother of God with the Child, Jerusalem type” (MOG), “St. Nicholas of Myra in Lycia with scenes of his life” (NIC), “St. George and
the Dragon miracle” (GEO).

Table 2
Results of the dendrochronological dating.
Icon

MOG
MOG
NIC
NIC
NIC
GEO
GEO

Panel #

d1
d1
d1
d2
d2
d1
d1

Radius #

r1
r2
r1
r1
r2
r1
r2

Number of
rings

84
80
102
105
80
139
144

Date of
inner ring,
AD

1441
1442
1387
1383
1383
1491
1491

Date of
outer
ring, AD

1524
1521
1488
1487
1472
1628
1633

Ref. chrono-logy #
(Table 1)b

1 (2,3)

Growth characteristics

Cross-dating statistics

Average
tree-ring
width
(mm)

Mean
sensi-tivity

1st order
autocorrelation

Glk

TV

CDI

2.2

0.194

0.799

65

6.1

35

a

3 (2)

1.31

0.182

0.919

54

3.7

24

4

1.83

0.160

0.921

66

4.1

28

# Equals No. (or Number).
a
Statistically non-signiﬁcant.
b
Best dating, additional reference chronologies are given in brackets.

TSAPWin© software (Rinn, 1996). First, the ring-width series of
two separate radii of each board were cross-dated and then the
average series for the boards were cross-dated. For cross-dating
several statistics were used: coefﬁcient of coincidence “Gleichläuﬁgkeit” (Glk), t-value (TV) and Cross Date Index (CDI). Glk is a

measure of agreement between the year-to-year variation of two
chronologies (Eckstein and Bauch, 1969) expressed as percentage
of cases of agreement. TV is a widely known test for correlation
signiﬁcance. Here we used t-values calculated after detrending proposed by Hollstein (1980) to get rid of any age trend which may
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signiﬁcantly affect this statistics. CDI is an integral coefﬁcient calculated in TSAPWin© software which includes Glk and t-values
calculated with different detrending options (Rinn, 1996). To deﬁne
the tree species, radial sections of the wood were prepared using
a microtome and analyzed with a microscope in back light (250×
and 400× magniﬁcation). All three icons were painted on panels
made from Scots pine (Pinus sylvestris L.). All the cross-dated series
were averaged into a ﬂoating tree-ring chronology for each icon. To
obtain absolute dates, these ﬂoating chronologies were cross-dated
against ﬁve reference pine chronologies (Fig. 1, Table 1). These are
the only chronologies available for NW Russia that cover the appropriate period. A part of the Novgorod chronology is available from
the International Tree-Ring Data Bank (ITRDB; http://www.ncdc.
noaa.gov/paleo/treering.html; keycode russ1) but some of its series
are misdated and the whole chronology was shifted by one year
towards the present. We have corrected this shift and added new
samples. The results of dendro-dating were additionally checked by
the COFECHA program (Holmes, 1983), which allows independent
dating of several overlapping segments of each time series.
From each icon ﬁve to six wood samples (approximately 10 mg)
were collected from the upper surfaces of the panels (where the
ring width measurements were made) after tree-ring series were
cross-dated and speciﬁc rings were selected and marked (Table 3).
The wood samples were treated according to standard techniques
(Hajdas, 2008) and analyzed by the accelerated mass spectrometry
(AMS) in the Center for Applied Isotope Studies at the University of
Georgia, USA. The radiocarbon dates were calibrated using OxCal
v. 4.2.4 (Bronk Ramsey, 1995; Bronk Ramsey and Lee, 2013) and
IntCal13 atmospheric curve (Reimer et al., 2013). Wiggle-matching
was performed in the same program using “D Sequence” function
(Bronk Ramsey et al., 2001; Bronk Ramsey, 2009).
To compare the dendrochronological and the radiocarbon dates,
the following approach was used. As the former are presented as
calendar years and the latter as probability distribution for time
intervals, we concern the dates corresponding to each other if the
dendrochronological date falls into the 95% probability interval of
the calibrated 14 C date. If it does not fall into this interval we estimated an offset between these dates as the shortest distance from
the dendrochronological date to the (nearest) border of the 95%
probability interval of the calibrated 14 C date.

4. Results
Two of the icons (MOG and GEO) were successfully dated by
local tree-ring chronologies (Table 2, Fig. 3), the MOG icon was
dated by the Solovki, Onega and Kirillov chronologies, but the highest statistic values were shown for the former. The GEO icon was
dated only by the Vologda chronology, which may give hint to very
local conditions for the growth of the tree used for the panel production. The NIC icon showed insigniﬁcant Glk and relatively low
but still signiﬁcant TV statistics, but the best date for the Kirillov
and Onega chronologies was the same—AD 1488. This date also falls
into the 95% radiocarbon date probability interval (see below). The
waney edge was missing on all three icons, so our results represent
terminus post quem dates.
The radiocarbon datings and their comparison with the dendrodates (Table 3) are visualized in Figs. 4–6 . Wiggle-matching of all
dates failed for MOG and GEO (agreement statistics Acomb = 15.9%
and 0.0%, respectively) but succeed for NIC (agreement statistics Acomb = 172.0%). For the former two icons, wiggle-matching
passed for the subsets of three dates. The results of the wigglematching, plotted in Figs. 4–6, are summarized in Table 4.

5. Discussion
5.1. Statistics
In total, we have 22 AMS (16 from this study and 6 from the study
by Voronin et al. (2015)) dates for the comparison with dendrodates and subsequent statistical analysis. Although, the quality of
calibrated AMS dates mainly depend on the characteristics of the
calibration curve and hence vary in time, the mean values may be
of interest for being applied in art history. The mean difference
between dendrochronological and individual AMS dates (as deﬁned
in the Section 3) is 8.2 years. For 15 out of 22 dates, the difference
was 0 (that means that the dendro-date falls into 95% calibrated
radiocarbon date interval). Six radiocarbon dates were younger and
one was older, with a mean difference of 25.7 and a maximum difference of 57 years. This means that for individual dates errors may
be signiﬁcant, shifting the true age more than by a quarter of a
century and sometimes by more than half a century. Taking into
account the widths of dating intervals (from 37 to 159 years for
2, 80.5 years on average), the individual AMS dates are not suitable for dating such objects. Indeed, art historians usually are able
to give more precise time intervals for such objects. Note that the
only radiocarbon date that is older than the dendrochronological
one also has the highest offset—57 years.
Things change when we used ﬁve to six AMS dates for each
object. Three out of four modeled wiggle-matched AMS dates (with
the exclusion of dates to achieve an appropriate Acomb value
higher than the 68% threshold) have a zero offset with the dendrodates, but for the BGR icon the offset was nine years (Table 4). As
compared to individual radiocarbon dates, wiggle-matched dates
have narrower probability intervals (from 17 to 101 years, 48.3 on
average) and smaller offsets from dendro-dates (up to 9 years, 2.3
years on average). Therefore, we can conclude that the combination
of several AMS dates gives much more precise results and narrower
probability intervals.
5.2. Comparison with other attributions
The attribution of the MOG icon by Lelekova and Naumova to the
beginning of 15th century was based on the type of image that was
popular in the Velikiy Novgorod region. The speciﬁc decoration and
gesso made on the basis of plaster are common for the Velikiy Novgorod icons of the 15th–16th century. The yellow pigment made of
lead and stannary was common for Western European paintings in
the Middle Ages but was very rare in Russia, because it was only
imported to Velikiy Novgorod from Western Europe. Previously this
pigment has been found in color mixtures of the Velikiy Novgorod
icons created not after the beginning of the 15th century (Naumova,
1999). Our study showed that this icon has been painted after AD
1524, so it is about a century younger then it was thought before.
In consequence, these results are a new benchmark for attributing
icons painted with the use of the yellow pigment made of lead and
stannary. The cross-dating statistics was highest for the northernmost Solovki tree-ring chronology (Table 2), that may indicate a
northern origin of this icon. Velikiy Novgorod had a strong inﬂuence on the entire northern region and its art tradition is common
even in the northernmost territories in that time. Additionally two
samples were collected for AMS from the MOG icon—from textile
base (UGAMS-15786, 350 ± 20 BP) of the painting and the gesso
(UGAMS-15786, 1080 ± 30 BP). The former when calibrated (AD
1461–1529 (42.6%), AD 1544–1634 (52.8%)) overlaps with the icon
dendro-dating (AD 1524 for the outermost ring, see Table 2), while
the later possibly has reservoir offset from ﬁsh bones that were
used for the glue preparation.
The attribution of the NIC icon (early 15th century) by Lelekova
and Naumova is based on the chemical composition of the paint.
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Table 3
Results of radiocarbon dating.
Icon and sample ID

Dendro age, years
AD

Lab ID

14

MOG 1
MOG 2
MOG 3

1442
1452
1462–1463

UGAMS-15779
UGAMS-15780
UGAMS-15781

420 ± 20
440 ± 20
330 ± 20

MOG 4

1472

UGAMS-15782

350 ± 20

MOG 5

1482

UGAMS-15783

370 ± 20

MOG 6

1491–1492

UGAMS-15784

290 ± 20

NIC 1

1385a

UGAMS-16207

620 ± 20

NIC 2

a

1395

UGAMS-16208

570 ± 20

NIC 3

1405a

UGAMS-16209

540 ± 20

NIC 4
NIC 5

1415a
1425a

UGAMS-16210
UGAMS-16211

520 ± 20
490 ± 25

GEO 1

1491

UGAMS-16202

540 ± 25

GEO 2

1501

UGAMS-16203

370 ± 20

GEO 3

1511

UGAMS-16204

330 ± 20

GEO 4

1521

UGAMS-16205

310 ± 20

GEO 5

1531

UGAMS-16206

250 ± 20

C age, years BP

Mean value
Mean value including the results by Voronin et al. (2015)
a

Cal. age, years AD;
2

Width of 2
interval, years

Dendro-to-14 C date
(2) offset, years

1435–1487
1428–1468
1488–1604 (0.76)
1609–1640 (0.194)
1462–1529 (0.426)
1544–1634 (0.528)
1450–1523 (0.623)
1572–1630 (0.331)
1520–1592 (0.624)
1619–1654 (0.330)

53
41
49

0
0
−25

159

0

133

0

109

−28

1294–1330 (0.373)
1339–1397 (0.581)
1313–1358 (0.569)
1387–1416 (0.385)
1324–1345 (0.176)
1392–1430 (0.778)
1398–1439
1410–1446

96

0

76

0

61

0

42
37

0
0

77

+57

133

0

149

0

132

0

64

0

88.2
80.5

6.9
8.2

1319–1350 (0.249)
1390–1434 (0.705)
1450–1523 (0.623)
1572–1630 (0.331)
1488–1604 (0.760)
1609–1640 (0.194)
1496–1506 (0.021)
1512–1601 (0.713)
1616–1646 (0.220)
1530–1538 (0.012)
1636–1670 (0.764)
1780–1799 (0.178)

Some cross-dating statistics is insigniﬁcant, see Table 2.

Fig. 3. Tree-ring curves of icons (solid lines) and corresponding reference chronologies (dashed lines). (a) NIC and Kirillov, (b) MOG and Solovki, (c) GEO and Vologda.
Horizontal scale shows years AD, vertical scale is arbitrary.

The gesso of the icon is made on the basis of plaster and the painting
pigments are made of color clays. E.M. Sayenkova’s attribution (ﬁrst
half of the 15th century) is based on the style of painting, features

of the image of architectural objects and the storyline about the St.
Nicholas icon written by master Agey. According to our radiocarbon
dating, most probably the icon was created after AD 1474, in the
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Fig. 4. Blue text shows radiocarbon years (BP), text in brackets shows the dendro-dates. Underbars represent the 2 intervals (range 95.4%). (a) Calibrated radiocarbon dates
for MOG. Green shading represents the probability intervals for individual dates, red circles show the corresponding dendro-dates; (b) results of wiggle-matching. Grey
shading represents the probability intervals for individual dates, purple shading shows the probability intervals for the modeled dates. (For interpretation of the references
to color in this ﬁgure legend, the reader is referred to the web version of this article.)
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Fig. 5. The same as in Fig. 4, for the NIC icon.

late 15th century. Here again we got dates that are younger than the
attributions based on chronologies of art history and technology.
Weak cross-dating statistics may be a consequence of the more
southern origin of the icon, for example from the Rostov Velikiy
region (as E.M. Sayenkova has deﬁned).
The GEO icon belongs to the group of icons on dark backgrounds
of green or brown color, that appeared in the Russian North lands

from the middle to the second half of 16th century and are found
until the ﬁrst half of the 17th century. We dated this icon to the
late 16th to early 17th century according to the style of the painting. Similar icons are kept in the St. Petersburg State Hermitage
collection, they are dated by art experts to the border of 16th–17th
century. Our results showed that the icon was created after AD 1633
which is in correspondence to its style.
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Table 4
Results of AMS wiggle-matching.
Icon

Numbers of
samples with
successful
wiggle-matching

Acomb (%)

Outer ring
dendro-date

2 (95.4%)
wiggle-matching
modeled interval
for outer ring
D sequence

Width of
wiggle-matching
date in years, 2
interval

Dendro-to-14 C date
(2) offset, years

MOG
NIC
GEO

#1,4,5 (3 of 6)
#1, 2, 3, 4, 5 (all 5)
#2,3,4 (3 of 5)

106.9
172
103.9

1524
1488
1633

38
17
101

0
0
0

BGRa

#15, 16 (2 of 6)

139.7

1409

1521–1558
1474–1490
1598–1646 (0.475)
1680–1703 (0.060)
1719–1746 (0.418)
1418–1443 (0.769)
1512–1522 (0.185)

37

−9

48.3

2.3

Mean value
# Equals No. (or Number).
a
From results by Voronin et al. (2015).

6. Conclusion
Three Russian icons from the 15th–17th century were dated by
means of dendrochronological and radiocarbon analyses. Two of
them were dated dendrochronologically while cross-dating statistics for the third icon was rather weak, therefore radiocarbon
dating was applied. The MOG icon has been painted after AD 1524,
NIC—after AD 1474, and GEO—after AD 1633. These results show
that in two cases art-historical dates were by ﬁve to ten decades
older than the earliest possible time of the creation of the icons.
Our results are of interest for objects of art that cannot be dated
dendrochronologically due to a sparse tree-ring chronologies network or due to speciﬁc conditions of growth of the trees used for
panel production. The icons dated in this study may serve as a new
baseline for art history in the NW European Russia.
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