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Log Cabins of Ust-Voikary,  
a Forti ed Settlement in Northwestern Siberia:  

Dendrochronological Analysis

and spanning the period from the Middle Ages to the recent centuries. It is one of the few sites in the region with the 
habitation layer preserved in the permafrost. Architecturally, it is marked by the prolonged coexistence of two types of 

late 1400s. The proportion of types and the chronology of structures suggest that log cabins predominated by the mid 
18th century. In the late 18th century construction activity at the site ceased. Later stages in the history of Ust-Voikary 

at the latter sites, archaic frame-and-post buildings predominate.
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Introduction

The Ust-Voikary fortified settlement is located 

city of Salekhard, on the left bank of the Gornaya Ob 
Channel, which is one of the branches of the Malaya Ob 

from the Institute of Archaeology and Ethnography of 
the Ural Branch of the Russian Academy of Sciences and 

Exhibition Complex (supervised by A.G. Brusnitsyna 

works of the team from the Institute of Archaeology 
and Ethnography SB RAS were led by A.V. Novikov 

Archaeological study of the site has revealed that 
it was a stratified settlement complex inhabited by 
the indigenous dwellers of northwestern Siberia. The 
excavations focused on its visually distinctive part— 
a hill formed by accumulated woodworking waste. Thus, 
the conclusions about various aspects of the settlement’s 
history from the literature should be correlated with this 
particular part of the site (Garkusha, 2020).

The dendrochronological study that was initiated 
by M.A. Gurskaya from the Institute of Plant and 
Animal Ecology of the Ural Branch of the Russian 
Academy of Sciences was carried out simultaneously 
with archaeological works. Most of the wood was 

another part was sampled from those at its foot. The fact 
that the material evidence belonged to extreme (in terms 
of stratigraphy) cultural layers has made it possible to 
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establish the overall period of economic activities in this 

This article presents the results of dendrochronological 

the entire period of excavations, seventeen such structures 

building, which was partially excavated and conserved 

single-chamber log cabins were made of logs (unless 

From 2 to 52 wood specimens were sampled from 
each structure, depending on their space, degree of 
destruction, and preservation of the wood (see Table). The 
wood was represented by coniferous species, including 

Picea obovata
Siberian larch (Larix sibirica
pine (Pinus sibirica

the specimens were divided into six groups: I – up to  
50 years of age, II – 51–100, III – 101–150, IV – 151–200, 
V – 201–250, and VI – over 250 years of age (Chernykh, 

Methods

 
0.01 mm) was used for measuring the growth ring width. 
The obtained growth series were compared using the 

cross-dating method with the specialized program TSAP-

visual control of comparison between growth graphs* and 
the calculation of statistical parameters for each variant 
of their combination.

standard statistical indicators used in the TSAP program:
– TBP coefficient—t-statistics adapted according 

to the algorithm of M. Bailey and J. Pilcher, aimed at 

the degree of similarity between two chronologies, which 
is established from the percentage of coinciding increases 

calculated using a set of parameters.
The studies by Gurskaya have shown that the larch 

tree-ring chronology (TRC) developed using evidence 

used for dating archaeological coniferous wood from the 
Voikary settlement and for comparing with the growth 
series obtained from “local” coniferous wood of various 

VKL larch chronology, which we designed using the 
specimens of archaeological wood, as the main tool for 
absolute dating of growth series, and to form a generalized 
TRC for each building by coniferous wood**.

*They had their own numbering. For avoiding confusion, 

 *Growth graphs of individual series in this work are 
presented as semi-logarithmic curves. This format is used to 
minimize the age trend and facilitate visual comparison of the 

**Statistical characteristics of generalized series for each 
building are presented in the Table.

Data on log cabins investigated in 2012–2016

No. of 
building*

Number of 
samples

Number of 
undated 

samples, %

Length of 
TRC, years

Chronological 
interval Glk, % TBP CDI r

1 48 16 336 1354–1689 68 13.1 92 0.57

2 19 10 149 1431–1579 63 6.4 45 0.44

3 20 30 53 1461–1513 72 3.3 29 0.57

3 12 16 132 1335–1466 77 11.0 87 0.80

5 2 – 194 1274–1467 70 8.8 57 0.67

7 52 13 185 1561–1745 68 10.4 73 0.70

9 12 – 210 1539–1748 62 4.8 34 0.43

9 14 14 299 1443–1741 65 7.9 51 0.50

10 12 16 176 1567–1742 69 10.3 74 0.69

into tiers. Such designation continues to be used in further work with the evidence from the site, in order to avoid confusion with 
information already given in publications and reports.
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The VKL chronology was developed primarily using 
growth series that were visually and statistically consistent 

created chronology were added to the generalized scale 
formed on their basis. The COFECHA program was used 

r 

r
Before using the chronology for dating, it is 

recommended to carry out a standardization procedure 
that minimizes the impact of non-climatic factors. This 
procedure was performed using the ARSTAN program 
(Cook, Krusic, 2005). The smoothing spline method 

widely despite the fact that it has some disadvantages  
(Klesse, 2021).

While working with historic wood, any element 
that can be dated is a local source of information on 
construction activities (see, e.g., (Jansma, Haneca, 

this regard, the dating procedure included some specimens 
that have been usually excluded from studies aimed at 
constructing various kinds of generalized chronologies. 
These traditionally include specimens with less than 50–

growth layers (compression wood). The validity of such 
an approach (provided that a number of conditions are 

the evidence from the sites along the northern boundary 

For analyzing the data, the individual growth series 
were combined into groups according to the position of 
specimens in certain structural elements of the buildings. 
In this context, the additional information obtained from 
undated specimens (species and age of wood, type of 
building material, etc.) was also taken into account. 
This approach fosters a more complete reconstruction of 
building activities.

Results

Building 1. Groups of specimens representing the main 
structural elements of the building: “log layers”, “facing”, 

and “stacking”*. The rest of the specimens are associated 

belonged to larch. Wood over 100 years old made up  

served as material for the log layers and “facing”. Most 
of the specimens were taken from logs and partly from 

were found exclusively among the elements of “facing”.
Comparison of growth series within the groups 

demonstrates generally high values of statistical indicators. 
For instance, the following values were obtained (the 

 

relative dating are demonstrated, for example, by larch 
specimens from the “facing” elements (overlapping area 

 

that some elements could have been made from a single 
tree trunk.

was manifested by acceptable values. The main range of 
change in the r 

 
r

Timber for the log layers was mainly harvested in the 

in a part of the specimens from this group slightly lag 
behind that period. Thus, we can assume the simultaneous 
procurement of building material for the log layers. A case 
of reused wood was established: the tree had been cut 
down 22 years earlier.

The dates of the specimens with subcrustal rings 

2. The distribution 
of dates of the elements, in terms of their functional 
purpose, suggests that some of them could have belonged 
to previous structures, whose remains were used to build 
the log cabin. The construction practice when individual 
structural elements of a previous building were reused 
in a new building was repeatedly observed during the 
excavations. This was facilitated by their layered location 

*The “facing” consists of fragments of vertically set planks 
located under the lower log layer. The “stacking” is made up of 

wall of the log cabin.
**A peripheral ring is the last measured ring, which may not 

coincide with the subcrustal ring.
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directly on the ruins of past structures. Hence, it was 

adjacent structures. Some elements of an earlier structure, 
while maintaining relative architectural integrity, often 

with other similar contexts, the “facing” consisted of the 
remains of vertically-set outer walls belonging to the 
previous frame-and-post dwelling. In their new capacity, 
they served to strengthen the walls of the recess along the 
perimeter of which the log cabin was set (Fig. 2). This 
assumption is also supported by the fact that the dates of 
the elements in each group constituted chronologically 
similar sets. Therefore, the difference in dates did not 
only result from arbitrary reuse of timber. For example, 

a relatively large part of the dates of the specimens in 

According to the totality of data, fewer elements actually 

Building 2. The specimens were divided into groups 
of “log layers”, “platform” (a row of short logs located 
under one of the walls), and also according to various 

of the wood was over 100 years of age. Wood belonging 

age was used for the log layers. Trees of groups I–III were 
used for making the elements of the “platform”. The vast 

sporadic.

After comparing the growth series, the best values of 

r

period, which makes it possible to reliably associate them 

Building 3. This building was covered by building 2. 
This building (about 5.5 m2) contained unusual material 

was used for making the log cabin: the trees were no more 

and half-logs.
The specific composition of building materials 

associated with the same structural element implies a 
purposeful and simultaneous harvesting of the timber 
from a limited forest area. In addition, radial growth 
of trees in a given dendroclimatic region is determined 
mainly by the impact of a single external factor (summer 
temperatures) (Shiyatov, Hantemirov, 2000). The 

for dating elements made of young wood.

was constructed using the specimens with a maximum 
number of rings. The series selected for designing 
the chronology were synchronized by one year. The 

Fig. 1. Cross-dating of individual series based on specimens from the “facing” group of building 1.
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r – 

stratigraphic position of the structure 
between dated buildings. Statistical 
evaluation of graphical comparison 
between other growth series and the 
chronology obtained from the log layer 
has shown that the best dating variants 

the tree of the oldest age group could 
not be dated.

Thus, the time when the trees died 

the material suggests that all the timber 
for log layers from this sample could 
have been harvested at that time.

Building 3A. The remains of this 

All the specimens, with the exception 
of one (from a post that supported 
one of the walls), were obtained from 
log layers. Spruce elements were 

were made of larch. The trees belonged 
to age groups II and III, most of which 
were about 100 years of age. The 
specimen from the post belonged to 
group I.

The series of specimens with 
surviving subcrustal rings (which 
were the majority) were synchronized 
by one year. The series of specimens 
whose surface condition hampered 

synchronized by the same year. This 
suggests that the death of trees from 
this sample occurred at the same time. 

of relative dating of growth series form two sets (the 

 

r

Building 5
outline appeared on a slope outcrop. Two specimens were 
taken from the top log layer. They belonged to the larch 
of age group IV.

Comparison between the growth series showed 

The ends of the series corresponded to the same year. 
The peripheral rings were defined as subcrustal. The 
calendar matching gave an unambiguous result: with high 

Building 7. This was the most spacious structure 
among the investigated log cabins, with an area of about 

2. The specimens were divided into the following 

two specimens were associated with the upper level of 

larch of groups III–V, most of which belonged to group IV.  
The inner walls were made of logs laid horizontally 

Fig. 2. Mutual position of the lower layer and the elements of “facing” in building 1.  
Photo by Y.N. Garkusha.

Fig. 3 Photo by A.V. Novikov.
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and ages, with the predominant age belonging to group III.  

group III. The wood of the decking was represented by 
diverse species, ages, and assortment.

Comparison of growth series for the specimens from 
the log layers has shown two sets determined by the 

 
 

Fig. 4

Fig. 5
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issue, since almost all growth series from this group 
were a part of the VKL chronology. The specimens with 

year. Their dates corresponded to the autumn–winter of 

Comparison of growth series based on specimens 
taken from the elements of the inner walls has 
mainly shown high values of statistical indicators 

Synchronization of a pair of growth series based on 
specimens from the posts (the overlapping area was 122 

 

made from a single tree trunk. Absolute dating was 
ensured by the presence of most of the growth series 
from this group in the VKL chronology. For the rest 
of the series, the results were also unambiguous, with 

r 

with a peripheral ring.
In the “decking” group, good indicators of cross-

dating were manifested by specimens from the most 
intensely used central and pre-entrance parts of the room, 
where the builders chose to use wood of older age: Glk –  

growth series formed a chronologically compact group in 
which, with a few exceptions, the dates of the last rings 
corresponded to the same year. This suggests a purposeful 
and simultaneous harvesting of wood. Values close to the 

made from the same tree trunks. Seven series from this 

results of the dating of the log layers. The extreme dates 

When comparing the series based on the specimens 
from the elements of decking along the walls, where 
places for rest were traditionally located, relatively 
acceptable statistical indicators of synchronization were 
obtained only for some, because of predominantly young 
and reused wood in these areas. A limited number of 
growth series also had calendar matching (r

Comparison of growth series based on the specimens 

was also beyond any doubts: one growth series was a 
r was 

The dating results for two specimens taken from the 

they occupied chronological positions of not earlier than 

Field observations have led us to the conclusion as 

elements of the building. Thus, the most likely explanation 
for the scatter in the dates of the elements, as was the 

Fig. 6
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case with building 1, is selective inclusion of structural 
elements of the previous frame-and-post dwelling into the 
new structure. The remains of the frame of inner walls, 

demonstrate the chronological closeness of the elements 
during the period preceding the construction of the log 
cabin, can be correlated with the previous structure.

The time of harvesting trees for the log layers 

dates of most of the specimens from the elements of the 
decking in the central and pre-entrance parts of the room, 
as well as the hearth structure, were consistent with this 
period. This means that wood harvested for this purpose 
was mainly used for constructing the house. The latest 

various elements of the structure, associated with local 
repair works.

Building 9
was discovered in the first years of studying the site 

the log layers and decking. The sample consists mainly 
of wood of older age. Individual specimens belonged to 
age group II, close to group III in terms of the number 
of rings. Spruce and Siberian pine were used. Log layers 
and most of the decking elements were made of wood of 
groups III and IV.

After comparing the growth series, two sets of 
relatively high and low values were identified (the 

r
resolve doubts about the dates, a comparison with other 
dated individual and generalized series was made. One 
result of the search for correspondences was provided by 
synchronization of the generalized series of “log layers” 

considered as the time of death for most of the trees. The 
earlier dates of peripheral rings, which was only among 

This building has already been dated. It was reported 

logs taken from the building were larch”. The dates of the 

with our results. The reason for this discrepancy may be 
that these elements might have belonged to different parts 
of the building.

Building 9A. The remains of this building were under 

elements of log layers and deckings. The log layers were 

age groups III and IV. Some decking elements were made 
of larch, although spruce was predominant. Most of these 
elements were made of trees of group II.

Fig. 7
Photo by A.V. Novikov.
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According to the results of the relative dating, only 
the growth series based on specimens from the log layers 
showed sufficiently high values of indicators: Glk –  

series, both with each other and with series based on the 
log layers, showed ambiguous results, which might have 
been largely caused by the predominance of specimens 
from relatively young wood. Acceptable values of 

 
r
r
to resolve doubts about the dates. The dates of log layers 

into account the fact that subcrustal rings were either 
absent in the specimens from the log layers, or their 
presence was doubtful, the estimated time of death of 

the decking elements was harvested in the autumn–winter 

by the elements of decking in front of the entrance, which 
resulted from the renovation of this part of the room.

Building 10. Seven specimens were obtained from 

specimens belonged to a conventional “lower” log cabin, 
of which the corner of the lower log layer and a log 
supporting it have survived under the walls of the main 

“lower” log cabin were larch. Trees of age groups II– 
 

Comparison of growth series for the main structure 
demonstrated relatively high values of indicators: Glk –  

series based on specimens from the log layers were 
synchronized by one year. The dates of the peripheral 
rings lagged behind by one and three years. This sample 
contained specimens both with and without subcrustal 
rings. However, the narrow interval of distribution of 
dates suggests that all the timber for the log layers was 
harvested at the same time. A high degree of similarity 
was revealed by individual series based on the specimens 

group of dates.
Absolute dating of elements from the “upper” log 

cabin has revealed relatively low values of indicators 

 
(r

r

Thus, most of the trees for the layers of the “upper” 

while the trees for the “lower” structure were felled in the 

Discussion

When interpreting dendrochronological dates, the degree 
of reliability is established from the representativeness of 
the sample. In the case of archaeological structures that 
have been preserved fragmentarily, the judgments proposed  
a priori are accompanied by various assumptions. Analysis 
of the distribution of dates of specimens from the sample 
under discussion indicates the purposeful harvesting of the 
timber for construction. This primarily applies to wood 
used for the log layers. The degree of incorporation of 
reused material into other structural elements was probably 
chosen directly during the construction.

If the date of tree death falls during the autumn–winter 
period*, the end of the winter season is traditionally taken 
as the felling time. Thus, if the date of the subcrustal 
ring is suggested to be “the autumn of year n – winter 
of year n + 1”, the year “n
as the cutting time. This is important for interpreting 
dendrochronological dates.

We assume that freshly cut wood, that is wood 
harvested in the year “n + 1” corresponding to the dates 
of the main part of the elements, in particular log layers, 
was used for construction. This was the common practice 
in building traditions used in various cultures from the 

Fig. 8. Mutual position of the wall in building 10 and log 
layer of the “lower” log cabin (indicated by an arrow). 

Photo by Y.N. Garkusha.

*Based on the structure of subcrustal rings, the vast majority 
of trees from the sample under discussion were cut during that 
period.
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of dendrochronological data and information from the 

Occurrence of parts (primarily from the log cabin walls) 
made of wood that was harvested during different seasons 
of the same year in the same building was a sign of such 
a practice at the Ust-Voikary settlement. A vivid example 

among the peoples of Western Siberia, in particular among 
the Ob Ugrians, is still practiced even today (Perevalova, 

will offer some arguments as to the time of constructing the 
buildings under discussion.

Building 1
dates have not been found.

Building 2

gives grounds for assuming the time when this building 
functioned. This building was covered by a structure in 

Building 3

was covered by building 2.

Building 3A

Building 5
There were no specimens with later dates in the collection.

Building 7
was revealed by a series of specimens.

Building 9
Specimens with later dates have not been found.

Building 9A

by a series of specimens. This structure was covered by 

Building 10
dates are absent in the collection. This building was 
probably located on the remains of an earlier log cabin 

Gurskaya obtained the following dates for other log 

possibly until the beginning of the second third of the 

which was mentioned above, has no information on 
the dating of building 5*, but this information was 
available in an earlier article by Gurskaya, where larch 

specimens were sampled, but it was not possible to 

Fig. 9

*The emergence of log construction technology in 
northwestern Siberia is traditionally associated with the 
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The list of dated buildings shows that log cabins in 
the settlement have been known from the second half of 
the 15th century. Most structures date back to the end of 

irregularity in studying different stratigraphic levels.
The correlation of types, chronology, and the excavated 

area of buildings make it possible to conclude that by the 

replaced stationary frame-and-post buildings, and already 

activities at the settlement ceased. Only two buildings on 
the hilltop are known which are dated later than the mid 

Therefore, their emergence is associated with another 
page in the history of this settlement.

Conclusions

population from northwestern Siberia, is one of the few 
archaeological sites known in the region with a cultural 
layer preserved in permafrost. The results of its in-depth 
study provided in the literature and in this article are only 
relevant for a limited part of the settlement on a hill of 

Log buildings were the object of this study. Using the 
method of dendrochronology, dates were obtained for nine 

the dates, the author proceeded from the assumption that 
freshly cut wood was used for construction. Generalization 
of dendrochronological data has shown that already 
in the second half of the 15th century, log buildings 
coexisted with frame-and-post buildings in the structure 
of the settlement. New evidence has made it possible to 
clarify the upper boundary of active construction at the 

After that, construction activities began to decrease.
The architecture of the final stage of the history 

of the settlement makes it possible to speak about the 
replacement of stationary frame-and-post buildings with 
log cabins. Gradual and probably complete transition to 
log construction distinguishes the Ust-Voikary settlement 
from two other well-known, large settlements in the 

later stages in the history of all these settlements were 
generally synchronous. However, log construction in the 

not well developed. It was used only for building small 
dwellings, forming territorially isolated and relatively 
small peripheral areas in the structure of the settlements 

Acknowledgments

“Studies of Archaeological and Ethnographic Sites in Siberia 

References

Baillie M.G.L., Pilcher J.R. 1973
A simple cross-dating program for tree-ring research. Tree-

Ring Bulletin
Benkova V.E., Schweingruber V.K. 2004
Anatomiya drevesiny rasteniy Rossii. Bern: Haupt.

Kirdyanov A.V., Mazepa V.S., Shiyatov S.G., 
Esper J. 2013
Reassessing the evidence for tree-growth and inferred 

northwest Siberia. Quaternary Science Reviews
Brusnitsyna A.G. 2005
Voikarskiy gorodok v XV–XIX vv. (po rezultatam raskopok 

Yamal mezhdu proshlym i budushchim: 
Prioritety razvitiya  

Chernykh N.B. 1996

Chernykh N.B. 2001

KSIA
Cook E.R. 1985

Cook E.R., Krusic P.J. 2005

Fedorova N.V. 2006

Nauchniy vestnik YaNAO
Garkusha Y.N. 2020
K istorii  arkheologo-arkhitekturnogo izucheniya 

Balandinskiye chteniya: Sbornik statey nauchnykh chteniy 
pamyati S.N. Balandina, vol. XV. Novosibirsk: Novosib. Gos. 

Grissino-Mayer H.D. 2001
Evaluating crossdating accuracy: A manual and tutorial 

for the computer program Cofecha. Tree Ring Research,  

Gurskaya M. 2006a
Preliminary tree-ring dating of historical wood from Ust-

Voikary Settlement (15th–20th centuries), Northwestern Siberia. 
Tree-Rings in Archaeology, Climatology and Ecology

Gurskaya M.A. 2006b

absolyutnogo kalendarnogo datirovaniya gorodishcha Ust-
Voikarskogo. KSIA

Gurskaya M.A. 2008

obraztsov drevesiny gorodishcha Ust-Voikarskogo (Severo-



Y.N. Garkusha / Archaeology, Ethnology and Anthropology of Eurasia 50/4 (2022) 99–110110

kainozoye
Haneca K., Debonne V., Hoffsummer P. 2020
The ups and downs of the building trade in a medieval city: 

Tree-ring data as proxies for economic, social and demographic 
dynamics in Bruges (c. 1200–1500). Dendrochronologia,  

Holmes R.L. 1983

measurement. Tree-Ring Bulletin
Jansma E., Haneca K., Kosian M. 2014
A dendrochronological reassessment of three roman boats 

from Utrecht (the Netherlands): Evidence of inland navigation 
between the Lower-Scheldt region in Gallia Belgica and the 
limes of Germania inferior. Journal of Archaeological Science, 

Kardash O.V. 2009
Nadymskiy gorodok v kontse XVI – pervoy treti XVIII vv.: 

Magellan.
Kardash O.V. 2013
Poluiskiy mysovoy gorodok knyazey Taishinykh. 

Klesse S. 2021
Critical note on the application of the “two-third” spline. 

Dendrochronologia
Kolchin B.A., Chernykh N.B. 1977

Maltsev A.P. 2005
Metody opredeleniya tekhnologiy stroitelstva pamyatnikov 

derevyannogo zodchestva. In Derevyannoye zodchestvo: 
Problemy, restavratsiya, issledovaniya. Vologda: Vologzhanin.

Novikov A.V., Garkusha Y.N. 2017
Predvaritelniye rezultaty issledovaniy gorodishcha Ust-

Vestnik RFFI. Ser.: Gumanitarniye i 

Omurova G.T., Barinov V.V., Kardash O.V., 
Myglan V.S. 2013
Ustanovleniye vremeni stroitelstva (perestroiki) 

Zhurnal Sibirskogo federalnogo universiteta. Ser.: Biologiya, 

Perevalova E.V., Karacharov K.G. 2006

UrO RAN, studiya “GRAFO”.
Rinn F. 2013
TSAP-Win: Time series analysis and presentation for 

Schweingruber F.H. 1988
 

Shiyatov S.G., Hantemirov R.M. 2000

Drevnosti Yamala
UrO RAN, pp. 112–120.

Received June 6, 2022.
Received in revised form July 18, 2022.


