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Abstract 24 

Archaeological investigations in the forest-tundra zone of western Siberia are highly 25 

important for understanding the material culture, social structure and ethnic history of the 26 

indigenous population. Extraordinary preservation conditions for organic material in the frozen 27 

cultural layers favour the preservation of wooden material suitable for dendrochronological 28 

studies. During archaeological surveys in 2011 and 2012 in the Nadymskiy Gorodok settlement, 29 

located in the forest-tundra zone in Yamalia, northwestern Siberia, 347 samples of construction 30 

mailto:gulzar.omur@gmail.com


 

2 
 

timbers were taken and analyzed with dendroarchaeological methods. The main species are larch 31 

(Larix sibirica (Ledeb.)), spruce (Picea obovata (Ledeb.)) and pine (Pinus sibirica (Du Tour)). 32 

Methodical approaches that allow the determination of the source of the wood and correct dating 33 

of the time of the constructions are presented. The tree-ring dating of eleven buildings and parts 34 

of the palisade highlighting four periods of construction activity during the second half of the 35 

15th century (i.e. at around 1466 AD and 1475 AD) and the first half of the 16th century (at the 36 

beginning of the 16th century and after 1530 AD). The results determine that only two wooden 37 

structures were built using wood from local forests. In all other cases, the distribution of the 38 

dendrochronological dates and timber provenance indicates the use of driftwood from forests 39 

further upstream of the Nadym River. Thus, for a precise determination of construction activity 40 

in the Nadymskiy Gorodok settlement, a long exposure time of the driftwood needs to be 41 

considered and previous presumptions about the settlement history revised. 42 

 43 
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 46 

1. Introduction 47 

Past archaeological excavations, accompanied by dendrochronological studies, have been 48 

carried out in the forest-tundra zone of western Siberia. These have provided insights into the 49 

settlement history from the Mesolithic to the Medieval period (Aleksashenko and Kosintsev, 50 

2010; Goryachev et al., 2002; Gurskaya, 2008; Myglan and Vaganov, 2005; Shiyatov, 1980; 51 

Shiyatov et al., 2005; Sidorova et al., 2017). The investigations of the frozen cultural layers of 52 

settlements (e.g. Mangazeya, Polui (Obdosk), Ust Voykar, Bukhta Nahodka) significantly 53 

contributed to our knowledge of the material culture, social structure and ethnic composition of 54 

the indigenous population in this region (Gurskaya, 2008; Omurova et al., 2013; Shiyatov, 1980; 55 

Shiyatov et al., 2005; Sidorova et al., 2017). Since written sources about settlements in this 56 

region are scarce, archaeological remains are the only source of information about the settlement 57 

history and ethnic composition of the indigenous population in northern Siberia. Nadymskiy 58 

Gorodok (NG) is an exceptional medieval settlement, considered to be inhabited from the second 59 

half of 10th to beginning of 18th century and one of the administrative centers of the indigenous 60 

people in the subarctic zone in north-western Siberia, Russia (Goryachev et al., 2002; Shiyatov et 61 
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al., 2005). Existing written documentary evidence about the history of NG settlement only 62 

describe a later stage of its existence, from the time when western Siberia joined the Russian 63 

State (from 1581 to 1598) (Kardash, 2009). The importance of the NG settlement lies in 64 

providing unique information about the ethnic history of the indigenous inhabitants of the Lower 65 

Ob region, the history of Russian colonization of north-western Siberia in the 16th–17th 66 

centuries and the history of geographical discoveries associated with the development of the 67 

Northern Sea Route.  68 

The indigenous inhabitants were likely belonging to the Nenets (Samoyedic ethnic group) 69 

and the Khantys (also known as Ostyak; Ugrian ethnic group) or subgroups thereof (Forsyth, 70 

1994; Kardash, 2013). Based on analyses of the zoological macro remains in the NG settlement 71 

the indigenous inhabitants were mainly hunters (reindeer, arctic fox, sable, ermine, hare, 72 

partridge), fisherman and partly reindeer breeders (Kosintsev, 2005). Yet interestingly, the 73 

location of the NG settlement is not ideal for human habitation. The living conditions are harsh. 74 

The nearby tributaries of the Nadym River are not abundant with fish; lichen pastures for 75 

animals are not available in the close proximity.  At present, floods are very common during the 76 

summer season. In comparison, the islands in the close vicinity of the NG settlement are more 77 

suitable for habitation. It is assumed that one of the reasons for founding NG lies in its close 78 

proximity to the trade routes (Kardash, 2009). This is also reflected in the archaeological 79 

findings representing typical artifacts and goods of existing trade and barter in the north of 80 

western Siberia during the Middle Ages. In NG, the main imported goods were chain mail shirts, 81 

sabres, axes, cloths, silk, copper and silver jewelry (rings, pendants), ceramic vessels and copper 82 

pots (Kardash, 2009). 83 

The prevailing permafrost in this area provides excellent preservation conditions for 84 

wooden material. Given that timber was the main building material, dendrochronological 85 

methods provide valuable insights into the history of the settlement, the history of the 86 

constructions and the utilized tree species and their origin. Dendrochronology addresses a 87 

number of chronological issues - determining the dates of tree felling for primary constructions 88 

as well as periods of restoration (Chernych, 1996; Eckstein, 2007; Grabner et al., 2007; Shiyatov, 89 

1980; van de Gevel et al., 2009). 90 

The first dendrochronological results by Goryachev et al. (2002) assumed that the settlers 91 

regularly used wood material from distant places of the settlement together with wood from other 92 
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buildings, which they were able to re-use. In a more recent study by Omurova et al. (2013), the 93 

question about the origin of the wood for the settlement was not addressed and 78 samples were 94 

dated by the youngest end dates of the timbers, leading to misinterpretations of the construction 95 

activity. However, the question of dendroprovenance is obligatory for the correct interpretation 96 

of dendrochronological dates, as this may completely change the results obtained earlier. Thus, 97 

the identification of the origin of the timber is of high importance. At present, no coniferous trees 98 

suitable for building are growing in the area close to the settlement (Fig. 1). The closest larch 99 

forests are located 12 km to the west of the Nadym River, on the left bedrock coast, and 20 km 100 

upstream of the Nadym River (Goryachev et al., 2002). According to Hantemirov (2009), the 101 

present state of the polar timberline has remained unchanged since the Middle Ages. Owing to 102 

the lack of building material in the close surroundings, it is not clear which source of wood was 103 

used for the constructions in the NG settlement. The timber might have been harvested in distant 104 

forests or collected on the shorelines of the Nadym River. The latter refers to driftwood floated 105 

downstream the Nadym River and washed onto the shorelines. The observed variation in the 106 

dates of the last developed ring of the trees within and among the buildings, the presence of 107 

different stem dimensions, as identified by Goryachev et al. (2002) and Omurova et al. (2013), 108 

might be explained by the use of driftwood as the source for timber. 109 

The above-mentioned uncertainties highlight the need for a critical evaluation of the so far 110 

identified periods of construction activity at the NG settlement. Here, the origin of wood would 111 

have fundamental importance for the interpretation of the dendrochronological dates. Further 112 

insights into the felling of the trees used for building as well as their origin can elucidate 113 

accompanying environmental changes, aspects related to the settlement history and timber use in 114 

the Siberian forest-tundra zone. 115 

 116 

2. Materials and methods 117 

2.1 Study site 118 

The NG settlement is located in the Tyumen region, Yamal-Nenets autonomous district 119 

and lies 60 km to the north-west of the Nadym city and 25 km west of the Nadym River at 120 

66.06° N and 71.97° E (Fig. 1a and b). The landscape is a typical forest-tundra (Fig. 2a) where 121 

tree growth is impaired by long cold winters (October to May) and warm but short summers with 122 

a mean July temperature of 14° to 16° C. Annual precipitation is about  500 – 600 mm and the 123 
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highest rainfall amounts are observed in June. However, during the end of May and the 124 

beginning of June when the snow and ice is melting, the water discharge of the Nadym River is 125 

highest with average rates of 4490 m3/s and maximum rates of up to 6800 m3/s.  126 

This biome is characterized by a permanently frozen ground (i.e. permafrost) where only 127 

the surface layer above the permafrost thaws during summer. The settlement is located at the 128 

boundary of the arctic tundra and the subarctic forest-tundra with discontinuous permafrost 129 

allowing tree species such as larch to form the northern timberline, followed southwards by 130 

spruce and pine (Fig. 1b).  131 

The settlement was established on a small island within the delta of the Nadym River and 132 

stretches in a northwesterly to southeasterly direction (Fig. 2b). The island is formed by the 133 

merger of two narrow (up to 30 m) ducts, which connects the floodplain lake system with a river. 134 

NG has a rectangular shape which is 80 m long and 25 m wide, thereby comprising 2000 m². The 135 

NG settlement was surrounded by a wooden palisade with a preserved entrance facing northwest. 136 

From this a central passage divides the oval shaped settlement into two equal halves. The 137 

rectangular constructions vary in size (from 1.4 x 1.2 m to 8.5 x 7.5 m) indicating different 138 

functions such as residential or utility buildings. At present, the southeastern side of the NG 139 

settlement is further subsiding under the influence of natural factors such as thawing of the 140 

permafrost and erosion of the shoreline (Kardash, 2009) (Fig. 2c and d). 141 

 142 
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 143 

Fig. 1. Location of the archaeological site Nadymskiy Gorodok (red dot) in northwestern Siberia 144 

(A and B). (B) The settlement is situated in the delta of the Nadym River (bold blue lines), in 145 

close vicinity to the Nadym city (black dot) and the site location of the material included in the 146 

Yamal reference chronology (green dot). Known places of past human activity (orange dots): 147 

Yarte 6 settlement (Y6), Buchta Nakhodka settlement (BN), Zelenaya Gorka settlement (ZG), 148 

Zelenyi Yar burial site (ZY), Ust-Voikar settlement (UV). Present distribution of larch, pine and 149 

spruce forests in this region is shown (see legend for different species). 150 

 151 
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 152 

Fig. 2. Typical forest-tundra landscape (A) characterizes (B) the location of the NG settlement 153 

on a small-elevated island (C) in the delta of the Nadym River. Wooden constructions (C and D) 154 

are well preserved under permafrost conditions (Photos from Kardash, 2009). 155 

 156 

2.2 Sampling, wood identification and tree-ring measurements 157 

The NG settlement is a wooden multi-layer archaeological monument and ongoing 158 

archaeological excavations have been carried out since 1998. The presence of permafrost 159 

allowed the wooden structures to remain well preserved. The cultural layer has a maximum 160 

thickness of up to 3.5 m at the centre of the settlement but gradually decreases towards the 161 

periphery (Fig. 2c and d). The wooden buildings showed different degrees of preservation at the 162 

time of sampling. Some of these structures remained in their original state in situ, some were 163 

already disassembled, and the timber was displaced during the excavations. However, a clear 164 

allocation of the individual timber could not be entirely reconstructed for some buildings (e.g. for 165 

construction 10). In the latter case, the availability of markers on samples allowed us to trace the 166 

samples to its original building and its intended use (e.g., floors, walls, etc.).  167 

During 2011 and 2012, 347 samples from wooden constructions were collected from 168 

eleven buildings as well as from parts of the palisade of the NG settlement (Table 1 and 169 
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supplementary Table S1). From each element of wooden structure, we selected a minimum of 170 

two samples that showed the maximum number of peripheral rings. The information provided by 171 

the archaeologists was used for describing the individual buildings, parts of the palisade and the 172 

attribution of individual elements. Architectural terms (log cabin, plank, etc.) are given here 173 

according to Plujnikov (1995). A detailed description of the samples for each building is 174 

provided in Table 1 and supplementary Table S1. 175 

The species of all sampled timbers were microscopically identified using wood anatomical 176 

features (Benkova and Schweingruber, 2004; Schweingruber, 1990) before measuring the tree-177 

ring widths. Three tree species were identified: larch, spruce  and pine. The differentiation 178 

between larch and spruce proved to be very challenging. The distinction between the two species 179 

was beside standard wood anatomical features additionally based on the shape of the borders of 180 

the pits in the radial section as described by Bartholin (1979). Larch was identified based on the 181 

following characteristics: presence of heartwood, abrupt early-latewood transition, 5-6-angled 182 

shape of early wood tracheids and smooth shape of exterior borders of pits in ray tracheids in the 183 

radial section. Wood anatomical features for spruce include absence of heartwood, gradual early-184 

latewood transition, and right-angled shape of early wood tracheids and angular-shaped border of 185 

pits in ray tracheids in the radial section. The wood structure of pine shows the presence of resin 186 

canals and large pinoid pits in rays and smooth ray tracheid walls in the radial section (Benkova 187 

and Schweingruber, 2004).  188 

The measurement of the annual growth rings of each sample was done with an accuracy of 189 

0.01 mm using the measuring station LINTAB 5. The calendar dating of the measured tree-ring 190 

width series was based on visual cross-dating (i.e. visually matching sequences of growth 191 

patterns) (Douglass, 1919) and cross-correlation analyzes using DPL (Holmes, 1994) and TSAP 192 

V3.5 (Rinn, 1996). The best overlapping position was statistically evaluated using the Student’s 193 

t-test with adaptations after Hollstein (1980) (THO) and the year-to-year synchronicity 194 

(“Gleichläufigkeit” (GLK)). Pearson correlation coefficients (r) for the common period 1120–195 

1507 AD were calculated on standardized tree-ring chronology versions after removing the age 196 

trend in each tree-ring series. This was done by applying a cubic smoothing spline function at a 197 

frequency cut-off at two third of the length of each individual tree-ring series using the ARSTAN 198 

program (Cook and Krusic, 2008). 199 
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2.3 Cross-dating and absolute dating 200 

As a first step, tree-ring width (TRW) measurements were cross-dated for each species 201 

sep202 

arat203 

ely 204 

and 205 

raw 206 

ave207 

rag208 

e 209 

chr210 

ono211 

log212 

ies 213 

wer214 

e 215 

dev216 

elo217 

ped 218 

wit219 

h 220 

the 221 

bes222 

t 223 

vis224 

uall225 

y and statistically matching TRW series. Those species-specific raw mean chronologies were 226 

furthermore compared to each other. Secondly, absolute calendar dates for the TRW series were 227 

obtained by cross-dating them to the 2770-year long larch chronology covering the period 764 228 

BC to 2005 AD developed for the Yamal Peninsula (Briffa et al., 2013; Hantemirov, 2009) (Fig. 229 

1b). This data is publicly accessible at the International Tree Ring Data Bank (National Oceanic 230 

T
a
b

le
 1

. 
G

en
er

al
 

d
es

cr
ip

ti
o
n
 o

f 

co
n
st

ru
ct

io
n
s 

an
d
 p

ar
ts

 o
f 

th
e 

p
al

is
ad

e 

in
cl

u
d
in

g
 t

re
e 

sp
ec

ie
s 

(i
n
 %

),
 

b
u
il

d
in

g
 

el
em

en
ts

 (
in

 %
) 

an
d
 p

er
io

d
s 

o
f 

co
n
st

ru
ct

io
n
 

ac
ti

v
it

y
 (

I 
to

 I
V

).
 

 

S
a
m

p
le

s 
(n

) 

Distribution by 

species 

composition, % 

Distribution by types of 

building elements, % 

Periods of construction activity,  

AD 

la
rc

h
 

sp
ru

ce
 

p
in

e 

wall floor 

I II III IV lo
g
 

h
a
lf

-

lo
g
 

p
la

n
k

 

h
a
lf

-

lo
g
 

p
la

n
k

 

C
o
n

st
ru

ct
io

n
 

2 

5.30–5.70 
m a.s.l.  

 
11 

 
18 

 
36 

 
46 

 
 
36 

 
64 

  
  after 

1519 
 

 
4.90–5.00 
m a.s.l.  

 
24 

 
38 

 
29 

 
33 

 
33 

 
22 

 
45 

 
7 

 
93 

  after 
1507 

 

 
4.98–4.72  
m a.s.l. 

 
12 

 
50 

 
33 

 
17 

 
 
25 

 
75 

  
 after 

1484 
  

 

3 

 
13 

 
31 

 
38 

 
31 

100    
 

100 

 after 
1479 

  

6 37 43 22 35 100    100 
  after 

1486 
 

 

7 

 
37 

 
76 

 
8 

 
16 

 
 
47 

 
53 

 
5 

 
95 

 after 
1477 

  

 

10 

 
35 

 
17 

 
74 

 
9 

 
80 

 
14 

 
6 

  
~ 1465 ~ 1475  after 

1531 

 

11 

 
12 

 
42 

 
25 

 
33 

 
67 

 
 
33 

 
67 

 
33 

after  
1466 

   

12 21 38 19 43 83  17  100 
after 
1449 

   

 

14 

 
17 

 
24 

 
29 

 
47 

 
40 

 
40 

 
20 

 
10 

 
90 

  after 
1472 

  

 

17 

 
6 

 
 

100 
 

 
67 

 
33 

   
~ 1465    

 

18 

 
1 

        
~ 1429    

 

19 

 
1 

        
  after 

1511 
 

P
a
rt

s 
o
f 

p
a
li

sa
d

e 

 

WFP 

 
5 

 
20 

 
20 

 
60 

 
20 

 
60 

 
20 

  
   after 

1559 

 

PNNWE 

 
8 

 
12 

 
38 

 
50 

 
63 

 
25 

 
12 

  
 after 

1482 
  

 

NWE 

 

15 

 

73 

 

7 

 

20 

 

87 
 

 

13 
  

   after 

1541 

 

POC 6 & 7 

 
16 

 
31 

 
56 

 
13 

 
6 

 
13 

 
81 

  
after 
1456 

   



 

10 
 

and Atmospheric Administration (NOAA), 2017). For the period 950 – 1650 AD, a minimum 231 

number of 27 (at around 1190 AD) and a maximum of 155 (at 1963 AD) samples are included in 232 

this reference. For pine and spruce, long TRW chronologies, which could be used as independent 233 

references, are lacking for this region.  234 

Despite a careful sample selection, the individual wood samples showed different degrees 235 

of preservation. To obtain an absolute dating, three groups of dating regarding their precision 236 

were established: 1) for samples having an outermost ring with bark, the exact year and season of 237 

the felling for the trees (i.e. waney edge dating); 2) for samples that had maximum 10 absent 238 

rings (towards the bark) an estimation of the felling was conducted (following (Kardash et al., 239 

2018)) (group < 10 rings; here used as sapwood dating); 3) for samples with more than 10 absent 240 

rings (group > 10 rings) and which showed traces of hewing, a heartwood dating was done 241 

providing an earliest possible felling date of the tree (post terminus quem). For determining the 242 

time of the wooden buildings, we focused on the felling dates of the utilized trees, i.e. felling 243 

date derived via sapwood and waney edge dating. This approach allowed for the exclusion of a 244 

considerable array of dates from poorly preserved samples. Consequently, it was possible to 245 

more accurately delineate the period of the existence of the individual buildings. The 246 

identification of the origin of the utilized trees was performed on a set of different criteria that 247 

allowed us to distinguish between logged and drifted material.  248 

The first criterion considers the felling dates of the trees (though driftwood was not 249 

purposely felled, we use the term felling date throughout). In the best case, the waney edge was 250 

present and the determination of the felling year and season of the utilized trees was possible. 251 

Since driftwood might be a timber source for the wooden buildings, we focused on felling dates 252 

that occurred within a short time period, i.e. in the same year. 253 

The second criterion involves the type of timber, its dimensions and the context of the 254 

construction. For example, logs used as walls of the buildings should be similar in diameter to 255 

simplify the subsequent task of fitting logs in a log cabin. 256 

The third criterion involves the tree species. We assumed that pine and spruce trees are 257 

easier to float since larch, compared to the other species, is heavier due to a higher bulk density 258 

and resin content (Chudinov et al., 1965). If the building material does not meet the criteria listed 259 

above, we assumed the use of driftwood in the building process. Whenever this is the case, the 260 

constructions are dated by the most recent dendrochronological date of all samples within a 261 



 

11 
 

building. We dated timber of the floors separately because the date is normally not connected 262 

with the dates of the walls, likely being laid (or re-laid) at any time. 263 

 264 

3. Results 265 

3.1 Sample overview, tree species and timber types 266 

A total number of 271 timbers from eleven buildings and parts of the palisade that were 267 

suitable for measuring the TRW were wood anatomically analyzed (Table 1 and supplementary 268 

Table S1). Results show that three tree species were used and that they occurred in roughly equal 269 

proportions: larch 39% (106 samples), spruce 33% (90 samples), and pine 28% (75 samples) 270 

(Fig. 3).  271 

The amount of analyzed timbers taken from each building varies ranging from one 272 

(construction 18 and 19) to 37 (construction 6 and 7) samples. Construction 2 consists of 273 

different excavated levels . In total 47 samples were analyzed from this building (Table 1). An 274 

equal distribution of wood species was found for most buildings, except for construction 7, 275 

where larch was used predominantly (76% of the samples). For construction 10 (74% of the 276 

samples) and 17 (all samples), spruce was the main species. Interesting results are obtained for 277 

the utilized species of construction 2 with larch being twice as frequent in the lower (older) and 278 

pine in the upper (younger) level. 279 

The number of measured rings, i.e. age distribution, of the samples showed similar results 280 

for the wooden buildings and parts of the palisade with spruce dominating the age class of up to 281 

100 years (Fig. 3a and b). Mainly larch trees are found in the age class of 101 to 200 years 282 

whereas all samples with more than 200 rings are pines (Fig. 3a and b). The typological analysis 283 

of the timbers from the NG settlement showed that for the walls of the buildings, mainly logs 284 

were used (construction 3, 6, 10, 11, 12 and 17). Planks and half-logs (construction 2 and 7) as 285 

well as logs and half-logs (construction 14) were only occasionally used (Table 1). For flooring, 286 

predominantly planks and, in some cases, half-logs (construction 11) were utilized as well as 287 

parts of boats (construction 14) (supplementary Table S1). Regarding different elements within 288 

the settlement, logs and half-logs used within the buildings were made from spruce trees whereas 289 

larch, followed by spruce, were the main tree species for planks. However, logs for the palisade 290 

were mainly taken from larch trees whereas planks were made from spruce trees (Fig. 3 c and d). 291 
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 292 

Fig. 3. Age class and type for the timber used (A) and (B) in the constructions (buildings) and 293 

(C) and (D) for the palisade, respectively (please note differences in x-axis). Different shadings 294 

for the species are shown in the legend. 295 

 296 

3.2 Chronology development  297 

In total, 271 samples were dated absolutely, whereas ring-width measurements of 76 298 

samples were excluded from the analyses as they contained less than 60 rings, reaction wood and 299 

poor preservation. The dated larch samples lead to the development of a larch chronology 300 

covering 542 years from 1075 to 1616 AD (Fig. 4). The mean correlation between all larch TRW 301 

series is r = 0.64 and the mean segment length is 162 years. A total of 75 pines were dated and a 302 

550-year long pine chronology, covering the period 1010–1559 AD, was developed. The inter-303 

series correlation is r = 0.57 and the average length of the pine samples is 194 years.  304 
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Finally, 90 spruce samples produced a 388-year long chronology (1120–1507 AD). All 305 

spruce samples correlated with r = 0.54 to each other and the average segment length is 126 306 

years. Samples from all three species showed identical annual growth rates of 0.52 to 0.53 mm/ 307 

year (Fig. 4). 308 

 309 

Fig. 4. Overview of dated raw tree-ring measurements for larch, pine and spruce and their 310 

respective mean (i.e., species) chronologies (red). The full time span of the chronology and the 311 

number of samples (n) are provided along with the inter-series correlation (Rbar), mean segment 312 

length (MSL) and AGR describing the annual average growth rates. 313 

 314 

Based on the raw TRW chronologies, all three species showed very similar growth 315 

patterns, expressed by correlation values exceeding the 99.9% confidence level. The highest 316 
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correlations were obtained for the raw spruce and pine TRW chronologies exceeding a t-value of 317 

19 (THO = 19.40) with a GLK of 72.40%. This is followed by the correlations of larch and 318 

spruce TRW chronologies (THO = 16.80, GLK = 72%) and the larch and pine TRW 319 

chronologies (THO = 15.0, GLK = 70.30%). 320 

The standardized chronology versions for each species in synchronized position to the 321 

Yamal reference are shown in Figure 5. Interestingly, the highest correlation was found between 322 

the spruce and Yamal larch reference with a t-value of 13.0 (THO) and a GLK of 69.50%. The 323 

second highest correlation was found for the larch TRW chronology with THO of 10.70 and a 324 

GLK of 64.90% whereas pine still significantly (at the 99.9 % level) correlated with THO of 325 

9.73 and a GLK of 63.0%. For the overall common period 1120–1507 AD, correlation 326 

coefficients between the detrended species-specific chronologies range from 0.45 (spruce and 327 

larch) to 0.61 (pine and larch) (Fig. 5). Correlation values for the individual species chronologies 328 

to the Yamal reference is lowest, yet significant, for spruce (r = 0.34) and highest for larch (r = 329 

0.51) (all p < 0.001). 330 

Averaging all samples, a new NG_composite chronology covering the period 1010 to 331 

1616 AD was developed. 332 

 333 

 334 
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Fig. 5. Detrended species chronologies for larch, pine and spruce in overlapping position to the 335 

Yamal larch reference chronology. Correlation values are provided for the common period 336 

1120–1507 AD (all exceeding the 99.9% significance level). 337 

 338 

3.3 Dating of the NG settlement 339 

Our dendrochronological dating results show the wide range of felling dates or dates 340 

obtained based on sapwood dating (Fig. 6; Table 1 and supplementary Table S1). For the three 341 

excavated levels (i.e. geodetic altitudes in the Baltic elevation system, i.e. from the Baltic Sea 342 

level) of construction 2, the following results were obtained: For the upper (5.30–5.70 m a.s.l.) 343 

level, 11 samples (half-logs and planks) representing elements of the walls, were dated. These 344 

timbers, however, were removed from its original position prior to sampling. Felling dates range 345 

from 1365 (ng69), 1464 (ng71) to 1481 (ng70) and for samples with up to 10 absent rings, 346 

felling dates were estimated to 1464 (ng85a), 1514 (ng82) and 1519 (ng62). For sample ng64, a 347 

felling date of 1616 AD was obtained. Most likely this sample was re-located or mistakenly 348 

attributed to upper level. The upper level of construction 2 was built after 1519 AD. The 349 

construction preserved at the middle level (4.90–5.00 m a.s.l.), consisting of 24 samples and 350 

including all types of timber for the walls and floor, revealed a latest felling date of 1507 AD 351 

(sample ng161). For the lowest and thus oldest level (4.72–4.98 m a.s.l.), 12 samples (half-logs 352 

and planks) were dated that belong to the northwestern wall. A wide time span of felling dates 353 

was obtained that range from 1439 (sample ng129) to 1484 (sample ng119) whereas a waney 354 

edge dating of one sample (ng127) revealed a tree felling in 1465 AD. An accumulation of 355 

felling dates between 1482 and 1484 (three samples) indicate building activity after 1484 AD. It 356 

can be concluded that the first building was constructed after 1484 and that it was twice rebuilt: 357 

after 1507 and after 1519 AD. Here, the number of doorsteps (three in total) corresponds to the 358 

number of the levels (i.e. periods of construction activity). 359 

For construction 3, out of 18 samples preserved in situ, 13 samples were dated. All three 360 

species were used equally. The walls consisted only of logs that showed felling dates between 361 

1281 (ng463) and 1479 (ng455) whereas for the floor only planks from trees felled between 1329 362 

and 1475 were utilized. Therefore, the building was built after 1479 AD, likely using driftwood 363 

as the main resource.  364 



 

16 
 

Samples for construction 6 were preserved in situ and from 45 analyzed samples, 36 could 365 

be absolutely dated. Similar to construction 3, the likely use of driftwood provided a wide range 366 

of felling dates whereas a waney edge dating was possible for seven logs of the walls ranging 367 

from 1444 to 1477 AD (supplementary Table S1). Another tree used as log for a corner joint was 368 

felled in 1486 AD. In addition, for a plank from the floor an earliest possible felling date of after 369 

1492 AD was obtained. The time of building is likely in or after 1486 with a possible repair of 370 

the flooring after 1492 AD. 371 

For construction 7, a total of 37 samples, found in situ, were dated. The majority of the 372 

samples were planks and half-logs and identified as larch, of which four samples had a waney 373 

edge preserved. Their felling dates were 1468 AD (sample ng246; doorsill in SW wall), 1474 374 

AD (sample ng232; floor along NE wall), 1477 AD (sample ng251, SW wall), and 1531 AD 375 

(sample ng080; floor). A distinct feature of construction 7 was the presence of five doorsteps 376 

(samples ng245 (after 1460 AD), ng246 (1468 AD), ng244 (c. 1473 AD), ng243 (c. 1500 AD), 377 

ng079 (c. 1523 AD)) indicating several phases of repair. The time between the building of the 378 

first and fifth doorsteps was at least ca. 55 years and the time of replacement of each doorstep 379 

was about 14 to 16 years. 380 

The timber for construction 10 was not sampled in situ. 35 samples out of 43 were dated. 381 

The majority of the samples are spruce and are mainly logs with a similar diameter. Two periods 382 

of tree felling were identified: 1465 AD (ten samples from the SW wall) to 1466 AD (seven 383 

samples from the NW wall) and 1474 AD (four samples from the SW wall) to 1476 AD (four 384 

samples from the NW wall). The narrow timeframe of the felling dates points to a deliberate 385 

harvest of the trees. One larch log which was hewed on both sides was estimated to be felled at 386 

around 1531 AD. Overall, three periods of constructions were identified for construction 10: c. 387 

1465, c. 1475 and after 1531 AD (sample ng083, larch log in SW wall) (supplementary Table 388 

S1).  389 

Construction 11 was not preserved in situ. 20 samples were taken, of which 12 could be 390 

dated. The walls and interior partition were made of logs. The floor consisted of half-logs and 391 

planks. Only sapwood datings were possible and individual elements were dated to between ca. 392 

1461 AD (ng474, internal partition) and ca. 1466 AD (ng294, NW wall). Thus, the construction 393 

was built not earlier than 1466 AD. 394 
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Half of construction 12 was destroyed by the erosion of the riverbank (Fig. 7) and evidence 395 

of fire were found in the northwestern part. In total, 24 samples were analyzed and 21 were 396 

successfully dated (supplementary Table S1). The presence of outermost rings on two spruce 397 

samples (logs) for the SW wall revealed felling dates of 1422 AD (ng329) and 1427 AD (ng328). 398 

Traces of hewing were found on a pine sample (ng331) where the last measured ring was dated 399 

to around 1449 AD. On one out of 15 floor planks, a sapwood dating was possible and the tree 400 

was estimated to be felled c. 1466. The usage of logs likely indicates driftwood and the time of 401 

building is estimated to be around 1449 AD. 402 

Construction 14 was disassembled prior to sampling and 17 out of 24 samples were dated. 403 

For one spruce log and one half-log for the SW wall a sapwood dating of ca. 1468 AD (ng306) 404 

and ca. 1469  AD (ng275) was obtained. A heartwood dating of floor planks, likely re-used from 405 

ships or boats, was established for three samples and the felling dates are after 1446 (ng286), 406 

after 1457 (ng284) and after 1465 AD (ng285). The building was likely built in ca. 1469/ 1472 407 

AD (wall). A repair of the flooring was done ca. 1518 AD. 408 

Construction 17 has been preserved in situ and seven samples were taken from the 409 

remnants of the log cabin, of which six were successfully dated. The main building materials 410 

were logs from spruce trees of similar diameter, of which four were felled in 1464 and 1465 AD. 411 

This close range of the felling indicates purposeful logging activity and the building of the cabin 412 

with wood felled 1464/1465 AD. 413 

For construction 18 and 19, only one sample (a log) each was analyzed. Both samples had 414 

the outermost ring preserved. The pine tree used for construction 18 felled in 1429 AD and of the 415 

larch tree for construction 19 in 1511 AD.  416 

To conclude, four main periods of construction activity in the NG settlement were 417 

identified based on the obtained felling dates of the trees used for the buildings: 1. around 1466 418 

AD; 2. around 1475 AD; 3. beginning of the 16th century; and 4. after 1530 AD. Most of the 419 

buildings were built in the second half of the 15th century and then subsequently repaired. 420 

Additionally to the remnants of individual buildings, a total of 58 samples from parts of the 421 

palisade of the NG settlement, not preserved in situ, were analyzed and 44 samples could be 422 

dated (Table 1 and supplementary Table S1). Sixteen samples (13 planks) from the palisade 423 

opposite constructions 6 and 7 were dated. The obtained sapwood dates range from around 1391 424 

(ng132) to around 1456 AD (ng135). Trees used for the palisade near the north-west entrance 425 
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(PNWE) was estimated to be felled around 1482 (sample ng261; pine log). Fifteen timbers 426 

(mainly logs and from larch trees) were dated for the palisade at the north-west entrance (NWE). 427 

On four samples, the waney edge was present and the dating ranged from 1497 (ng501), 1536 428 

(ng505) to 1537 AD (ng500) for the frame of the entrance element, and 1541 AD (ng175) for a 429 

hewn log. For the western frame of the palisade (WFP), five samples were dated and two periods 430 

of construction were found. A spruce half-log (ng298) was felled after 1479 AD and a pine half-431 

log (ng194) after 1559 AD. 432 

 433 

 434 
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Fig. 6. Sample replication for each building and parts of the palisade including the species (see 435 

legend for colors codes) and presence of the waney edge (red) (A) together with their end dates 436 

of the felling (B) and sapwood estimates for samples with less than 10 rings missing (C). 437 

 438 

4. Discussion 439 

4.1 Tree growth and chronology development 440 

Samples from all three species showed almost identical annual growth rates of 0.52/0.53 441 

mm/ year (Fig. 5). This slow tree growth reflects the harsh climate conditions in this region. In 442 

addition to the high inter-species correlations, significant correlation results were found 443 

individually for all species chronologies to the Yamal reference chronology (Hantemirov and 444 

Shiyatov, 2002; Shiyatov and Hantemirov, 2000). At northern treelines, tree growth is limited by 445 

summer air temperatures (Shiyatov and Hantemirov, 2000), leading to synchronous growth 446 

patterns across the species and thus, justifying the development of composite TRW chronologies. 447 

Specifically, Hantemirov and Shiyatov (2002) presented a spruce-larch composite chronology 448 

which showed positive correlations of tree growth to June and especially July temperatures. This 449 

summer temperature sensitivity of the trees lead to coherent growth pattern over large distances 450 

in the northern boreal forests and significant agreements in the ring-width patterns were 451 

identified to range up to 300 km (Vaganov et al. 1996; Hellmann et al. 2016). This also explains 452 

the high success rate of the cross-dating of the samples within but also between the tree species 453 

in this region. 454 

The development of composite chronologies including different species and thereby 455 

covering multiple centuries and even millennia is also shown for high altitudes, e.g. the 456 

European (Nicolussi et al., 2009) and opens up new possibilities to study human and climate 457 

history in the future. 458 

 459 

4.2 Periods of construction activity and utilized wood 460 

A first period of construction activity was identified at around 1465 AD including the 461 

constructions 10, 11, 12, 17 and 18 (Fig. 6 and 7). Only for the constructions 10 and 17, a 462 

deliberate felling of the trees from nearby forests for building material was proven and the time 463 

of building reliably determined. Both buildings were erected using mainly spruce trees with 464 
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similar diameters during the first period of construction activity at around 1465 AD (Fig. 6). 465 

Moreover, even with the presence of a wide range of obtained felling dates (Fig. 6), we were able 466 

to determine three more periods of construction in addition to the first period of construction 467 

activity: at around 1475 AD (constructions 2, 3, 7, 14 and re-building of construction 10), 468 

beginning of the 16th century (constructions 6 and 19), and after 1530 AD (re-building 469 

constructions 7 and 10) (Fig. 6 and 7, Table 1 and supplementary Table S1). The building 470 

material for the majority of the buildings and the walls showed a high variety of utilized tree 471 

species, tree age (Fig. 3), and obtained felling dates suggesting an origin of the utilized material 472 

from driftwood and thus, a mainly unknown location.  473 

It is known that driftwood is a widely used resource for building material and other 474 

wooden objects in regions were forests are scarce or even absent as for example in Scotland, 475 

Iceland, Greenland or northern North America, (e.g. Alix and Brewster, 2004; Dickson 1992; 476 

Griebel, 2013; Kristjansdóttir et al., 2001). For the NG settlement, the source region of the 477 

driftwood is likely to be upstream (i.e., further south) of up to 200-250 km distance along the 478 

Nadym River. The uprooted trees were drifting downstream between the end of May - beginning 479 

of June when the highest discharge of the Nadym river is recorded due to snow and ice melt or 480 

during significant flood events. A southern source region of the driftwood is apparent as the tree 481 

species pine and spruce were most present, totaling two-third of all dated samples and their 482 

natural distribution limit of both species is located south of the NG settlement (Fig. 1). It can be 483 

assumed that the present northern treeline has not changed significantly during medieval times 484 

(Kharuk et.al., 2004; Vaganov E.A. and Shiyatov S.G., 2005) as no exceptionally high 485 

temperatures were observed in a temperature reconstruction for the Yamal peninsula based on 486 

tree-ring width and maximum latewood density data (Hantemirov and Shiyatov, 2002; Briffa et 487 

al., 2013). Moreover, the use of driftwood is supported by recent findings by Omurova et al. 488 

(2018) that addressed anatomical modifications in the tree-ring structure such as frost rings, light 489 

rings, and fluctuations of the wood density and missing tree rings in the timber from the NG 490 

settlement and living tree samples. Results showed that anomalies in living trees growing 20 km 491 

south of NG were significantly higher than in the archaeological material from the NG settlement 492 

(Omurova et al., 2018) indicating that the trees used as building material originated from regions 493 

further south where the growing conditions are more favorable and the probability of spring-494 

summer frosts is much lower. Regarding the wide range of felling dates, for example for 495 
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construction 3, a remarkable difference of almost 180 years between the oldest (1281 AD) and 496 

youngest (1460 AD) tree felling were identified (i.e. waney edge dating). This cannot be 497 

explained by the re-use of timber alone. Only in one case, i.e. the flooring of construction 14, we 498 

were able to identify re-used timber. In addition, the presence of permafrost in which the lower 499 

elements of the buildings are embedded, i.e. frozen into the ground, imposes very large 500 

restrictions for the re-use of wood. 501 

 502 

 503 
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Fig. 7. Reconstruction of the Nadymskyi Gorodok settlement during the 16th century. Each 504 

documented and analyzed building is denoted by a number (corresponding to the text). 505 

 506 

4.3 Settlement development 507 

 Korona (2015) mentioned that the inhabitants of the NG settlement used trees and shrubs 508 

from immediate surroundings of the settlement as fuel and building material resulting in the 509 

extensive disturbance of the woody plants in the local area and the expansion of ruderal 510 

vegetation. It is therefore questionable, given the lack of wooden material from nearby local 511 

forests, whether the NG settlement was inhabited for 700 years (from the 10th to the 17th 512 

century) as proposed by Goryachev et al. (2002) and Shiyatov et al. (2005). Both authors explain 513 

the large spread of felling dates within single buildings by a constant re-use of existing timber 514 

(Goryachev et al., 2002; Shiyatov et al., 2005). Albeit the critical load-strength effects on the 515 

properties of the timber elements are likely negligible due to the simple, one-story construction 516 

technique, the moist and warm summer-autumn conditions at the site favor biological 517 

degradation of the timber by insects or fungi. Therefore, a constant re-use of the timber is 518 

implausible. The occupation of the settlement is still unknown and can be erroneously longer 519 

when driftwood as main source of construction material is not considered. Results by Omurova 520 

et al. (2013) and the here identified periods of construction activity on the so far excavated 521 

cultural layers indicate that the building activity and thus, the function of the settlement was most 522 

likely limited to a certain period from the mid-15th to the 16th century only. The absence of 523 

older and younger timber cannot be explained by decay or re-use alone since the permafrost 524 

ensures perfect preservation conditions of the wood. In a most recent investigation by Kardash et 525 

al. (2018) of wooden material from older cultural layers including constructions, building 526 

activity in the NG settlement might have started in the mid-14th century. 527 

 The considerable variations of the felling dates of the samples even within the same 528 

building and the high diversity in timber types and tree species is a characteristic feature of the 529 

NG settlement (supplementary Table S1). Such a phenomenon was not observed earlier at north-530 

western Siberian architectural and archaeological sites (Zharnikov et al., 2014a, 2014b) and thus, 531 

confirming our assumption concerning the random origin of the wood. 532 

In comparison, other settlements and monuments that were recently investigated, showed 533 

felling dates that lie within short timeframes, for example the Yarte VI settlement, dated to 534 
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1066–1106 AD (Shiyatov and Hantemirov, 2000), the Buchta Nakhodka settlement dated to the 535 

second quarter of the 13th century (Sidorova et al., 2017), the settlement Zelenaya Gorka dated 536 

to the end of the 13th century and the cemetery in Zelenyi Yar which is dated to 1280 AD 537 

(Shiyatov et al., 2005; Slepchenko et.al., 2019) (Fig. 1). In all those examples, the forests were 538 

purposely harvested and the trees were used for the constructions. However, there are also cases 539 

where dendrochronological dating indicates a long settlement history such as the Ust-Voikar 540 

settlement, located ca. 350 km east of Nadym (Fig. 1), where timber is dated from the end of 541 

13th to the second half of the 17th century, indicating tree felling’s during summer (Gurskaya, 542 

2008). 543 

In other cases, felling dates for timber pre-dated written historical sources, for example 544 

for the Vtoryye Kresty settlement, Taimyr Peninsula (Myglan and Vaganov, 2005). The 545 

utilization of driftwood as a resource for the construction of buildings might be a possible reason 546 

for this offset. The NG settlement, however, remains one of the clearest examples of a large 547 

distribution of dendrochronological dates (Goryachev et al., 2002; Kardash, 2009; Omurova et 548 

al., 2013). 549 

From the general distribution of the samples (Fig. 6), a sharp increase in the number of 550 

samples with preserved outermost ring with bark (the 1st group) was observed that falls within 551 

the period of 1463 and 1485 AD. Samples with less than 10 missing sapwood rings (our second 552 

group) show peaks in felling dates at 1463–1466, 1468, 1470, 1474–1475 and 1482–1484 AD 553 

(Fig. 6b). The dates marked for the 2nd group are in agreement and within the periods obtained 554 

for the first group of samples (1468 and 1470 fall in the period 1474–1475 and 1482–1484 - in 555 

the period of 1484–1485 AD, respectively). 556 

Analysis of the overall distribution of the first and second group of samples (Fig. 6c) 557 

showed that the years 1531 and 1537 AD stand out, reflecting felling years mainly from timber 558 

used for the palisade, including the north-west entrance (Table 1). An increasing number of 559 

samples, which was observed in some years (1460–1465 and 1475–1485 AD), is probably not 560 

accidental and can be correlated with periods of high construction activity of the NG settlement. 561 

Most likely, those years reflect a high timber demand which lead to logging in remote forest 562 

areas. 563 

 564 

4.4 Limitation of dendro-provenance 565 
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This is one of the first studies that takes the usage of driftwood into consideration as a 566 

main building material in the NG settlement. Generally, the question of the origin of the timber 567 

in western Siberia is not addressed in dendroarchaeological research thus far, making this work 568 

highly significant for further studies. The provenance and the usage of driftwood for historical 569 

constructions were analysed by Alix (2005) for the Arctic, thereby identifying a climatically- and 570 

ecologically-induced driftwood cycle in coastal areas of north-western Alaska. Dickson (1992) 571 

analysed driftwood of various tree species from archaeological sites of the western and northern 572 

islands of Scotland from the Neolithic era to the 16th century AD, and also states that driftwood 573 

was often used as fuel and sometimes for construction purposes. Dyke and Savelle (2000) and 574 

also Alix (2005) identified Siberia as one of the source region of larch driftwood, allowing for 575 

the dating of their archaeological objects. Hellmann et al. (2015) cross-dated Pinus sylvestris 576 

driftwood samples from Greenland, Iceland, Svalbard, and the Faroe Islands with chronologies 577 

from the central Siberian Yenisei and Angara Rivers. 578 

Our study demonstrates that driftwood was the main source of building material in the light 579 

of an absence of trees in close vicinity of the NG settlement. However, owing to the lack of 580 

reference chronologies along the Nadym River and its tributaries, the exact location of the trees’ 581 

origins remains unknown for now. Additionally, we did not consider the option of a possible 582 

delivery of wood for the construction of the buildings in winter by cargo-carrying reindeer sleds. 583 

This assumption, however, is negligible because the typical sleds used during the settlement in 584 

NG and overall in the traditional indigenous culture of the north were likely dog sleds (Vizgalov 585 

et al., 2013). 586 

 587 

5. Conclusion 588 

The analysis of 271 dated samples from the NG settlement allowed us to determine the 589 

time of eleven buildings and parts of the palisade. We demonstrated that only for two buildings 590 

were trees from upstream forests felled and utilized. In all other cases, driftwood served as the 591 

main building material, dating from the second half of the 15th until the first half of the 16th 592 

century. Moreover, we were able to identify four periods of construction activity. The evidenced 593 

construction activities began around 1466 AD. After this, repair or rebuilding took place around 594 

1475 AD, at the beginning of the 16th century, and after 1530 AD. Thus, the documented times 595 

for the NG settlement cover the time span from approximately 1460 to the mid-16th century AD. 596 
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Analysis of the species composition of the samples showed that larch, spruce and pine was 597 

widely used in relatively equal proportions. Logs, half-logs and thick planks were mainly used as 598 

the building material for log cabins and thinly chopped planks and ship component parts were 599 

used for flooring. 600 

We were able, for the first time, to identify the use of driftwood as the main building 601 

material based on: the location of the study site in the treeless zone on the bank of the large river, 602 

the high variety of the utilized tree species and tree ages, and the considerable spread in the 603 

felling dates in samples from the same building. By specifically focusing on the differentiation of 604 

logged and drifted material of a large number of samples, a more accurate picture of the 605 

existence of the settlement, its history including periods of construction activity and the timber 606 

use in NG was possible. We strongly recommend a substantial revision of the previously 607 

published dating results for the NG settlement. Our newly developed composite chronology 608 

covering more than 600 years is a valuable basis for the dating of other archaeological and 609 

historical monuments in the Siberian forest-tundra zone and for future socio-environmental 610 

studies. 611 
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