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DENDROCHRONOLOGICAL ANALYSIS
OF ARCHAEOLOGICAL WOOD FROM MONUMENTS
OF PAZYRYK CULTURE

Abstract. The article is devoted to the dendrochronological analysis of archaeological wood from
the monuments of Pazyryk culture.Relative dendrochronological Dating was performed on the basis of
the obtained tree-ring chronologies.There were also conducted studies of cores from live trees, which
were harvested in the sample areas Tuyuksu, Big Almaty lake and Gorelnik. The species composition of
wood and the possibility of using the obtained chronologies for the reconstruction of the climate were
studied.The absolute radial increment graphs for each radius were plotted from the annular chronologies,
which are used to accurately date the annual rings. The maximum age of the studied plants living trees
spruce spruce is 229 years pertaining to the sample area Tuyuksu.The maximum width of the annual
rings for all the studied objects is 9.4 mm, which indicates good weather conditions during the active
growth and development of the plant. Average width of annual rings for spruce Shrenk in plots of Big
Almaty lake is of 2.15 mm.Logs from the scientific-restoration laboratory “Island of Crimea” were pro-
cessed and studied. 124, 130 and 141 year tree-ring chronologies were found on the sawn trees, the age
of the trees is from 124 years to 141 years.

Key words: dendrochronology, archaeology, methods of dendrochronological analysis, modern
tree, core, archaeological tree, tree-ring chronology, radial growth.
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Ma3bIpblK MdAEHUET ecKepTKiluTepiHeH aAbIHFaH
APXEOAOTUSIAbIK, CYPEKTEpPiHiH, AEHAPOXPOHOAOTUSIAbIK, TAAAAYDI

AHnaaTna. Makanaaa MasbIpblk, MOAEHMETIHIH eCKepTKIlUTEPiHEH aAbIHFAH aPXEOAOTUSIAbIK, CYPEKTI
AEHAPOXPOHOAOIMSABIK, TaAAdy OOMbIHILA MaTepuasAap KEeATIPIAreH. AAbIHFaH arall-CakMHaAbl
XPOHOAOTUSIAQPABIH, HETi3IHAE CAAbICTbIPMAAbI AEHAPOXPOHOAOIUSIABIK, AATaAdy OpbiHAAAAbI. CoHpaal-
ak, Tymbikcy — TUY cblHak araHAApbIHAQ AAMbIHAQAFaH Tipi aFalliTapaaH KepHAEP, YAKEH AAMATbI KOAI
— BAO xaHe lopeabHnk — GOR 3epTTeaai. [NaraaraHbIAFaH CYPeKTiH TYKbIMABIK, KypamMbl 3epTTEAA,
CaAbICTbIPMaAbl TYPAE €XEeAri OpMaH MaMAaAaHy >KoHe KAMMATTbIK, KahTa Kypy YLWiH aAblHFaH
XPOHOAOTUSIAAQPAbI MalAAAAHY MYMKIHAITM KOpPbITbIHAbIA@PbI >KacaAAbl. CakMHa XPOHOAOTMSICbIHBIH,
AEpPEeKTepi Heri3iHAe 9p CakMHaHblH abCOAIOTTI paAMaAAbl ©cy rpaduri XacaaAbl, OAAp >KbIAABIK,
CakMHaAApAbl ABA aHbIKTayFa KOAAAHbIAAAbI. LLIpeHKa wWbiplwacbiHbIH, 3epTTEAreH Tipi aFallTapbIHbIH,
€H YAKEH >acbl — 229 »ac, 6yA TyMbIKCy CbiHaK, afiMarblHa CIATEME >KacamAbl. bapAbik 3epTTeAeTiH
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Dendrochronological Analysis of Archaeological Wood From Monuments of Pazyryk Culture

00bEKTIAED YILIH >KbIAABIK, CaKMHAAAPAbBIH MakCUMaAAbl eHi — 9,4 MM, OYA OCIMAIKTIH 6GeAceHAi
eCyi MeH AaMybl Ke3eHiHAEeri aya-parblHblH, XKaKCbl eKeHAINH kepceTeai. YAKEH AAMATbl KOAiHIH, 7
CblHaMaAbIK, yyackeciHae LLIpeHK WwblpLuachl YiiH >XXbIAABIK, CAKMHAHBIH, OpTalla eHi 2,15 MM KyparAbl.
«OcTpoB KpbiM» FbIABIMM-PECTABPALIMSIABIK, 3€PTXaHACbIHbIH, >Ka36aAapbl OHAEAAI, CaKTaAAbl XXoHe
3epTTenai. Apa kecyaepiHae 124, 130 xaHe 141 xacTarbl aFall-CakMHAAbIK, XPOHOAOTMSIAQP TabbIAAbI,
arawTapAblH >kacbl 124-teH 141-re AemiH.

TyHiH ce3aep: AEHAPOXPOHOAOTMS, APXEOAOTMS, AEHAPOXPOHOAOTMSIAbIK, TaAAQY o©AiCTepi,
3amMaHayM aralll, KepH, apXeoAOrMSIAbIK, aFalll, aFall-CakMHaAbl XPOHOAOTMS, PaAMAAAbI ©CIM.
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AEeHAPOXPOHOAOTMYECKMI1 aHAAU3 apXe€OAOTMYECKOW APEBECUHbI
M3 MaMSATHMKOB NMa3bIPbIKCKOMI KYAbTYPbI

AnHoTaums. Ctatbs nocesuleHa AEHAPOXPOHOAOTMYECKOMY aHaAM3y apXeoAOrMYeckon ApeBe-
CWHBI N3 NaMITHUKOB [1a3bIpbIKCKOM KYAbTYpPbl. Ha OCHOBE MOAYyUYEHHbIX APEBECHO-KOABLIEBBIX XPOHO-
AOTUI BbINMOAHEHO OTHOCUTEAbHOE AEHAPOXPOHOAOTMYECKOE AATMpOBaHMe. Takxke ObIAM NMPOBEAEHbI
NCCAEAOBaHMS KEPHOB C >KMBbIX AEPEBbEB, KOTOPbIE BbIAM 3arOTOBAEHbI Ha MPOOHbIX NAOLLAAAX TyIOKCY,
boablioe AAMaTrHCKOe o3epon [opeAbHUK. M3yueH NOpoAHbIA COCTaB APEBECUHbI M BO3MOXKHOCTU
MCMOAb30BaHMS MOAYYEHHBIX XPOHOAOTWMIM  AAS KAMMATMUECKOM PEeKOHCTPYKuun. [1o  AaHHbIM
KOAbLIEBbIX XPOHOAOI M1 BbIAM NOCTPOEHbI rPpadrki aBCOAIOTHOTO PAAMAABHOTO NMPUPOCTA AAS KBXKAOTO
paanyca, KOTOpble UCMOAb3YIOTCS AAS TOUHOM AQTMPOBKM FOAMYUHBIX KOAEL,. MakCMMaAbHbIN BO3pacT
NCCAEAYEMbIX PACTEHMIA XKMBbIX AEPeBbEB eAnr LLpeHka cocTaBasieT 229 AeT, OTHOCALMIACS K MPOOHON
naotaam Tytokcy. MakCMyMm LIMPHHBbI TOAMYHBIX KOAELL MO BCEM MCCAEAYEMbIM 0ObEKTaM COCTABASIET
9,4 MM, KOTOPbIX FOBOPUT O XOPOLUMX MOFOAHBIX YCAOBMSIX B MEPUMOA aKTMBHOIO pPOCTa U pa3BUTUS
pacteHnsi. CpeAHsIst lUMPUHA TOAMYHOIO KOAbLLA AASt eAan LLIpeHka Ha npo6HbIx nAowaasx boabworo
AAMAaTMHCKOro o3epa cocTaBaseT 2,15 mm. bpeBHa M3 HayuHO-pecTaBpauMOHHOM AabopaTopun
«OcTpoB KpbimM» ObiAn 06paboTaHbl, COXpaHeHbl U UCCAeAOBaHbl. Ha cnivaax ob6HapyskeHbl 124-, 130-
1 141-AeTHMEe APEBECHO-KOABLIEBbIX XPOHOAOIMM, BO3PACT AepPEeBbEB COCTaBASET OT 124 aeT A0 141
roaa.

KAroueBble cAOBa: AEHAPOXPOHOAOTUS, APXEOAOTMSl, METOAbl  AEHAPOXPOHOAOTMYECKOro
aHaAM3a, COBPEMEHHOE AEPEBO, KEPH, apXEOAOrMUYeCcKOe AEPEBO, APEBECHO-KOAbLIEBbIE XPOHOAOIMH,
PAAMAABHBIM MPUPOCT.

Introduction

The founder of dendrochronological studies
is an American scientist A. Douglas (A. Douglass
1919; 1928: 1936, etc.), already in the early 1900s
collected and analyzed samples of “yellow pine”
to study the fluctuations of its annual growth and
establish their relationship with the cycles of solar
activity. And in 1920, he first used this method to date
Indian settlements in the southwestern United States.
Published in 1914, the work interested archaeologist
Wissler, which initiated the use of the method of
cross-Dating in archaeology for Dating fossil wood.
Dating annual layers is the most important and time-
consuming part of dendrochronological studies.
The quality of the obtained tree-ring chronologies
depends on the correctness of Dating and
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accuracy of measurements (Chernyih, N.B., 1996,
Slyusarenko, I.Yu., 2010, Kolchin, B.A., 1972,
Solomina O.N., 2012, Shiyatov S.G., Huber B.
1967).

Research methods

The method of cross-Dating allows to make
relative and absolute Dating of time of formation
of layers of growth of wood. Relative Dating is to
determine the pairs of rings in the compared samples,
which were formed in the same year, but their
calendar date is still unknown. It allows, for example,
to determine how many years later or earlier was cut
down (or died) a particular tree compared to another,
based on the calculation of the difference in years,
the formation of subcortical rings. Moreover, if the
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sub-crust ring is preserved (this can be established
by careful examination of the outer surface of the
sample and the detection of bark or bast residues on
it), it is possible to determine the season of felling
or death of the tree. For example, if podkrovie ring
is fully formed, then the death of the tree occurred
during the growth period, i.e. during the summer
months (Chernyih, N.B., 1996, Slyusarenko, 1.Yu.,
2010, Kolchin, B.A., 1972, Solomina O.N., 2012,
Shiyatov S.G., Huber B. 1967)

Dendrochronological methods are labor-
intensive, but the use of modern tools can greatly
simplify the work. The LINTAB device is currently
the most successful modern modification of the
machine, the principles of which were invented
by the swedish forester Eklund.It was developed
by F. Rinn in the German firm RINNTECH in
1991 and continues to be improved to the present
time.In 2015, the device LINTAB-6 was certified
in RSE “Kazakhstan Institute of Metrology” of
the Ministry of investments and development of
Republic of Kazakhstan on the results of tests
were registered in the register of the state system
of ensuring the uniformity of measurements in
the Republic of Kazakhstan and approved for
use on the territory of the Republic (Zhantlesova
Sh., 2015, Baygazakova Zh.M., Kentbaeva B.A.,
2019).

Dendrochronology deals with wood of vari-
ous species and ages. Modern wood, logs of build-
ings excavated during archaeological excavations,
wooden details of architectural structures existing
to this day, as well as boards of icons, etc., are used
as objects of research.Very often, organic matter is
perfectly preserved in the cultural layers of ancient
and medieval settlements, which is facilitated by a
large moisture saturation of the cultural layer, low
acidity or neutrality of its environment, slow move-
ment of internal water flow, almost complete ab-
sence of water and air exchange and, finally, small
temperature fluctuations (BuxposB. E. 1959).Wood
is well preserved in permafrost. An example of this
construction of Mangazeya or logs from Altay burial
mounds. Anaerobic conditions contribute to the pres-
ervation of organic matter in peatlands and coastal
river sediments in some areas of Eastern Europe — in
the Urals, Karelia, Arkhangelsk region, Belarus and
Lithuania. In Veliky Novgorod found twenty lay-
ers of pavement, laid one above the other, scientists
have concluded that it was built by Novgorod for
five hundred and fifty years (Chernyih, N.B., 1996,
Slyusarenko, I.Yu., 2010, Kolchin, B.A., 1972, Sol-
omina O.N., 2012, Shiyatov S.G., Huber B. 1967).

The object of the study were the cores of living

trees and also sawn archaeological tree. Cores from
live trees were taken on the test areas Tuyuksu-TUY,
Big Almaty lake- BAL and Gorelnik-GOR.

Wood samples (cores) were collected with
a haglof age drill from living trees and a circular
chainsaw from dead trees.The cores were taken at
a height of 1.0-1.3 m from the Ground surface. To
construct a generalized chronology, tree samples
were taken from 15-30 trees of the same species, and
from each tree by two radiuses. Drilled cores were
placed in specially prepared paper or polyethylene
containers (in containers samples are convenient to
transport, dry and store until the work on the Dating
and measurement of the rings), the inner diameter
of which is 2-3 mm larger than the diameter of the
sample.

By its origin, the collection of samples of
archaeological wood has several sources: monuments
that have become the object of excavations at the
present time; monuments excavated earlier, but in
which the wood was left by researchers at the site,
which required repeated work; Museum collections.

Studies of archaeological wood was conducted
on samples harvested earlier in the “Scientific-
restoration laboratory “”island of Crimea”, as well
as cuttings from the archaeological wood obtained
in the excavations of Korgan Shilikti and Berel in
2019.

Research result

To the Treasury.Al-Farabi in The international
laboratory “Geoarchacology” on the project
“History and culture of the great steppe” on the topic
“Study of the possibility of applying the methods of
natural Sciences in archaeological research” on the
measuring complex LINTAB, measured the growth
of cores and determined their characteristics. This
device is accompanied by a computer program
TSAPWin Professional 4.70 d, which allows you to
enter measurement data into the computer, correct
and analyze the data, to present them in tabular and
graphical forms.

Absolute Dating includes the precise
determination of the calendar date of all year rings
in the samples studied. It can be carried out only
if the calendar date of taking a sample of wood is
known, at least from one living tree, the annular
chronology of which is cross-dated with other
annular chronologies. As you compare the pictures
of the rings for the purpose of their Dating on the
samples difficult due to their large size and uneven
width of annual rings, the rings extracted from the
information easier to apply and analyze in the form
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of graphs on the paper on which the abscissa shows
the delayed calendar time in years (left to right) and
y-axis — the value of the annual increment and other
characteristics of annual rings.

The study of cores from live trees, which were
harvested in the sample areas Tuyuksu-TUY, Big
Almaty lake-BAL and Gorelnik-GOR (table 1).
The specific name of the investigated plants include

Table 1 — Characteristics of the location of the test areas

Schrenk’s Spruce (A. Utebekova, Adilbaeva Zh.,
Maisupova B., B. Kentbayeva 2019).

One of the most important, if not the main, is
the study of the influence of climate on tree growth.
The width of the growth rings, the shape of the cells,
the chemical composition of the wood can tell the
researcher a lot about what the weather conditions
were at the time when they were formed.

Sample areas Width (N) Longitude (E) Direction Altitudlee 3:10 ve sea Numbe;C(;f rings,
TUY 43°03' 77°00 N 2200 8
BAL 43°04' 77°00’ NE 2125 30
GOR 43°08' 77°04' N 1868 22

Table 2 — Characteristics of individual chronologies in tree-ring width of Shrenk spruce trees on the sample area Tuyuksu

Ne Number of trees Interval, y y Number of rings, Avervage width of Maximum and minin}um limits of
pcs rings, mm the width of the rings, mm

1 TUY 1A 1901-2019 118 2,62 9,40

2 TUY 1B 1953-2019 66 2,07 3,27

3 TUY 2A 1790-2019 229 5,42 1,14

4 TUY 2B 1810-2019 209 6,13 1,42

5 TUY 3A 1947-2019 72 4,13 2,74

6 TUY 4A 1886-2019 133 5,70 1,51

7 TUY 4B 1912-2019 107 6,50 1,79

Subtotal: 934 ave. 1,71 ave.9,40

Table 3 — Characteristics of individual chronologies in tree-ring width of spruce spruce trees on the sample area of Big Almaty lake

No Number of trees Interval, y y. Number of rings, Aver.age width of Maximurrll and minimum limits of
pcs rings, mm the width of the rings, mm

1 BAL 1A 1861-2019 157 2,18 4,53

2 BAL 1B 1887-2019 131 2,57 7,05

3 BAL 2A 1955-2019 63 2,47 5,05

4 BAL 2B 1949-2019 69 2,98 5,46

5 BAL 3B 1813-2019 205 1,35 5,64

6 BAL 4A 1907-2019 111 1,37 3,07

7 BAL 4B 1845-2019 173 1,67 4,66
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Table 4 — Characteristics of individual chronologies in tree-ring width of spruce spruce trees on the sample area “Gorelnik”

o Number of trees Interval y , y. Numbe;c(;f rings, Averria;gges )wnllcrl;clh of Ma)ililr::n\];vnild?}r:i 2;1;11:11;1; ’li;nr:s of
1 GOR 1A 1960-2019 59 2,97 5,58

2 GOR 1B 1958-2019 61 3,63 6,24

3 GOR 2A 1954-2019 65 2,66 5,29

4 GOR 2B 1913-2019 106 1,36 3,93

5 GOR 3A 1979-2019 40 4,41 6,42

6 GOR 3B 1971-2019 48 4,56 6,99

7 GOR 11A 1893-2019 126 1,38 2,97

Each annual ring is a layer of wood, which
managed to appear during one growing season (from
spring to autumn). All of them have clear boundaries,
which gives an unprecedented opportunity for very
accurate Dating.

A characteristic of the individual chronologies
for tree-ring width of spruce spruce trees on the
sample area Tuyuksu following: the average width
of annual rings of 1.71 mm, average maximum 9.4
mm (Utebekova A., Adilbaeva Zh., Maisupova B.,
B. Kentbayeva, 2019).

According to these data, we can say that in the
period 1912-2019 y.y. was the best conditions for the
growth and development of plants for sample area
TUY 1A in terms of climate-and weather factors
(Utebekova A., Adilbaeva Zh., Maisupova B., B.
Kentbayeva, 2019).

Plants in the TUY 4B trial area, age 107 years,
planting time 1912 have a maximum annual ring
width of 6.5 mm. This width is the maximum for
plants from the Tuyuksu trial sites. According to the
obtained results of width measurements of annual
rings with a precision of 0.01 mm on the sample
areas Tuyuksu (table 2), the Big Almaty lake (table
3) and Gorelnik (table 4) given the characteristics
of individual chronologies in tree-ring width of
spruce trees spruce (Utebekova A., Adilbaeva Zh.,
Maisupova B., B. Kentbayeva, 2019).

The absolute radial increment graphs for each
radius were plotted from the measurements, which
are used to accurately date the annual rings.

Average width of annual rings for spruce spruce
in plots of Big Almaty lake is of 2.15 mm. Maximum
radial growth of 7.05 mm.

According to the characteristics of individual
chronologies in tree-ring width of spruce spruce
trees on the sample area Tuyuksu, it is evident that
sample No. 3 TUY 2a is the largest number of rings
(229pcs.).

Age of Shrenkspruce is 229 years old, the
beginning of the formation of rings dates back to
1790 with an average ring width of 5.42 mm. the
Maximum width was % to 9.40 mm in sample No.
1 la Tuy. TUY in sample 3a were measured one
radius, 3b is missing. The average ring width of all
samples was 1.71 mm.

On this sample area, the «Big Almaty lake»
measurement subject 7 samples, and of these, the
maximum width made up 7.05 mm for sample No. 1
BAL 1b. The average width of all samples amounted
to 2.15 mm.

In the samples taken at the BAL trial areas it is
seen that the tree number 3 BAL 3b has the largest
number of rings — 205 pcs., the formation of rings
began in 1813, only one radius was measured.
The rest of the samples cores were taken by two
radii. On the test area «Gorelnik» 20 samples were
subject to measurement. Of these, the maximum
width made up 6.99 mm in sample No. 6 GOR 3b.
The average width of all samples made up 2.89
mm.

Analysis of results
The data of table 4 show that the tree number
17, sample GOR 11a, which is considered the oldest

tree, the number of annual rings is 126 pcs., the
formation of rings began in 1893.
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Figure 1 — Samples of archaeological wood from Korgan Shilikti

Figure 2 — Cross-Dating of samples from Korgan of Shilikti
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Figure 3 — scientific and restoration laboratory «Island of Crimea»
(cut from Korgan of Shilikti and Berel)

Figure 4 — Archaeological specimens, (not to be dated)

An important part of the work was the formation
of a collection of wood samples from archaeological
monuments of Pazyryk culture. Not only the principal
possibility of the study itself, but also the accuracy and
reliability of the conclusions depended on the quantitative
and qualitative completeness of the materials. Due to
different sampling methods, the samples were of two
main varieties: cross-cut and age-related cores. Cross
cuts allow you to choose the most convenient radii for
measuring, facilitate the detection of falling rings, have

greater physical strength, etc. In the case where it was
impossible to take a full cut, the sample was taken in the
form of a core using an age drill.

Collection of dendro specimens, which is
investigated in the work, happen with 2 of the
excavations, which were processed in 2019 in the
International laboratory “Geoarchacology” in the
measuring system LINTAB.

Fig 1 shows the cuttings of an archaeological tree
from the Corgan of Shilikta. Saw cut of coniferous
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species, in this case Shrenk spruce, have good safety
and are to be investigated.

The main problems of historical research include
the chronology of historical and archaeological sites.
For Dating archaeological sites from the second
half of the XX century are widely used scientific
methods of determining the absolute age, including
dendrochronology. The main product of office
processing are tree-ring chronology (TRC) on width
of annual rings of trees that is the averaged sizes of
indexes of increase.

Fig 2 shows a graph of construction of the
annular chronologies of the studied archaeological
samples. According to the carried out researches it
is possible to say that 124, 130 and 141 pieces of
wood-ring chronologies were revealed on the saw
blades. Consequently, the age of trees ranges from
124 years to 141 years.

In The scientific restoration laboratory “Island of
Crimea” there are collections of archaecological logs
collected in different expeditions and for different
years, in particular from Corgan Shilikti and Berel.
The logs were processed and preserved and were
subject to research and processing.

It should be noted that a large number of
archaeological wood is not subject to processing and
study of annual rings (Fig. 4). These specimens are
not subject to Dating and it is very difficult, in some
cases impossible to determine the type of tree.

Summary

Thus, it is possible to say that dendrochronology
as a method of determining the Dating of tree,
is widely used in many Sciences, in particular in
forestry, climatology, archaeology, etc. On the basis
of archaeological materials and living trees were
constructed chronology for spruce spruce, which
uses the so-called “cross-Dating”. According to the
obtained results of width measurements of annual
rings with a precision of 0.01 mm on the sample
areas Tuyuksu, Big Almaty lake and Gorelnik of
the characteristics of individual chronologies in
tree-ring width of trees Shrenk. The absolute radial
increment graphs for each radius were plotted from
the measurements, which are used to accurately date
the annual rings.

According to the characteristics of individual
chronologies in tree-ring width of spruce Shrenk
trees on the sample area Tuyuksu selected core
samples, where the number of rings is 229 units and
samples on sample areas of BAL age of the oldest tree
is 205 years old. The maximum and minimum limits
of the width of annual rings in all of the investigated
objects is 9.4 mm. According to the data, we can
say that in the period 1912-2019 gg was the best
conditions for the growth and development of plants
for sample area TUY 1A in terms of climatic and
weather factors.
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