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ABSTRACT

We are reporting the first dendrochronological dating of timber from Tajikistan. Thirty samples
were collected from two old buildings from a village located in the western Pamir-Alay; eight cores were
taken from temple. Most of the construction wood was juniper species. The object chronologies cross-
dated well with the previously published chronology based on living juniper trees from western Pamir-
Alay. The results of dating revealed that investigated structures are composed of wood coming from sev-
eral periods. The oldest pieces of wood dated back to the 11t and 12 Centuries. Most timber samples
come from the turn of the 17t and 18™ Centuries, which were probably the period of intense devel-
opment of the Artuch village. Besides dating of the wood samples from these historic structures, our
investigation provides the opportunity to extend the currently existing regional tree-ring chronology for
future climate reconstruction of the Pamir-Alay and High Asia. Dated sequences were assembled into a
1012-year chronology spanning the period 945-2014 C.E. and strengthened the replication of its earliest

part (with critical 0.85 EPS value since the beginning of the 13 Century).

Keywords: Central Asia, Pamir-Alay Mountains, Tajikistan, historical buildings, dendroarchaeol-
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INTRODUCTION

The Pamir-Alay mountain region played an
essential role in the development of ancient civi-
lizations in Central Asia. This former territory of
Sogdiana, the ancient Indo-European civilization
of Iranian people, was under the influence of dif-
ferent cultures during last 3000 years, including the
Achaemenid Empire of Persia, Hellenistic Greco-
Bactrian Kingdom, Imperial China, Arab Muslim,
Mongol Empire (Hormatta ez al. 1994; Litvinsky et
al. 1996; Ghafurov 2011). This region, currently lo-
cated within the political boundaries of Uzbekistan
and Tajikistan, is rich in archaeological sites and
settlement remains of different age. This diversity
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of material culture is related to the location of the
region, which was crucial for the functioning of the
“Silk Route” along which merchandise and ideas
flowed between China, India, Iran and Europe. The
Pamir-Alay Mountains are surrounded and crossed
by main branches of this ancient network of trade
routes. Many settlements were established along
this route or their importance increased, especially
during the Han (207 B.C.E.-220 C.E.) and Tang dy-
nasty (618-907 C.E.) when the trade of Chinese silk
was the most lucrative (Hulsewé et al. 1979; Hor-
matta et al. 1994; Litvinsky et al. 1996). The great
Sogdian cities, such as Samarkand (Maracanda),
Panjikent (Panchekanth) and Bukhara, were devel-
oped during these times in large agricultural oases
located west of the Pamir-Alay Mountains in the
Zarafshan River valley (Schafer 1963; Belenitskiy
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et al. 1973; Dumper and Stanley 2006; Ghafurov
2011; Owczarek et al. 2017b). The branch of the
Silk Route, which ran along this valley, merged the
western Pamir-Alay region with the oases of Tarim
Basin.

The development of trade affected the ex-
pansion of settlements in narrow mountain val-
leys in the middle and upper parts of the Zaraf-
shan River basin. The archives discovered at the
castle on Mount Mug (Mog) in the upper course
of Zarafshan River provided detailed information
about first millennium history of the Common Era
of this part of Sogdiana territory (Freiman et al.
1962-1963; Bogolyubov and Smirnova 1963).

The Arab conquest in the 8" Century and
invasion of Central Asia by hordes of Chengez
Khan in the second decade of the 13" Century
devastated the region (Ghafurov 2011). Legal doc-
uments and letters concerning rural settlements,
people and socio-economic relations of the Pamir-
Alay Mountains are rare and require additional re-
search methods. One of these is dendrochronology.
Tree-ring analysis has proven to be a powerful dat-
ing method since the early works of A. E. Dou-
glass, who dated ancient pueblos in southwestern
US (Douglass 1921). In subsequent decades there
have been many successful attempts of tree-ring re-
search in dating of wooden construction elements
of archaeological and historical monuments (Cu-
far 2007). Dendrochronological research in Central
Asia primarily concerned monasteries, temples and
tombs. The number of dendroarchaeological stud-
ies carried out in High Asia is still rather scarce (e.g.
Zamotorin 1963; Marsadolov 1994; Schmidt ez al.
1999; Vasiliev et al. 2001; Panyushkina et al. 2007,
2010; Baatarbileg et al. 2008; Brauning et al. 2013;
Scharf et al. 2013; Wang and Zhao 2013).

The Pamir-Alay region located on the bor-
der of Tajikistan, Uzbekistan and Kyrgyzstan is
rich with archaeological sites and cultural remains.
However, because of scarcity of written documents,
the history of the mountain settlements is not well
known. Rural buildings in this part of Central Asia
are characterized by a typical construction style
that has not been changed for hundreds of years.
This is confirmed by archaeological excavations in
ancient Panjikant, in northwestern Tajikistan (Be-
lenitskiy et al. 1981). Typical for mountain vil-
lages, one- or two-storey houses, often with an inner

courtyard and richly decorated wooden entrance
gates, were built already in the 5™ Century (Mar-
shak 2003). This architectural continuity is very im-
portant in terms of analyzing the socio-economic,
historical and political processes taking place in this
area. Nowadays, some of the buildings are rebuilt
or simply destroyed, and a new style of construc-
tion is introduced. Dendrochronological analyses
are therefore an opportunity to preserve informa-
tion about the origin and the history of unknown
rural buildings in northwestern Tajikistan, the num-
ber of which is constantly decreasing.

The potential of dendrochronological anal-
ysis of wooden structures from Zarafshan Val-
ley remained unexplored for a long time. Re-
cent advances in the development of long tree-
ring chronologies for this region (covering the time
span 1005-2014 C.E.) allow for dating the histor-
ical structures (Opata et al. 2017). This regional
chronology was constructed from junipers (Junipe-
rus semiglobosa and Juniperus seravschanica) grow-
ing in the high-elevation sites in the western Pamir-
Alay. The aim of this study was to perform den-
drochronological dating, report on the history of
the two buildings and a temple complex (sacred
groves and temple) located in Pamir-Alay, north-
western Tajikistan and to extend the previously
published regional tree-ring chronology for this
region.

MATERIALS AND METHODS
Study Area

The study area includes the Artuch village
located in narrow Urech River valley in the up-
per part of the Zarafshan River basin (Sughd
province, northwestern Tajikistan; Figure 1A, 1B).
The Artuch village, elevation ca. 2000 m a.s.l., is
surrounded by the high mountain massifs of the
Zarafshan Range (Chimtarga Peak, 5489 m a.s.l.)
that belongs to extensive Pamir-Alay mountain sys-
tem. The study area has typical high-mountain
relief characterized by steep slopes with numer-
ous traces of mass movement processes partly
connected with seismic activity (Owczarek et al.
2017a). The barren surface, which lacks continuous
vegetation cover, dominates the landscape (Rah-
monov et al. 2016; Figure 2A). The open woodland
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Figure 1. (A) Location of the study area on the background of th
location of the investigated Artuch village. (C) Sampled sites.

composed of juniper trees survives only in the high
elevation (ca. 2800-3000 m) (Sadikov 2012). This
part of the Pamir-Alay, surrounded by the Kyzyl-
Kum desert plains, has a typical arid continen-
tal climate. The mean annual total precipitation is
271 mm with mean annual air temperature 6.6°C
(Iskanderkul Meteorological Station). The Artuch
village was established on the alluvial fan formed
by right tributary of the Urech River (Figures 1C,
2A). The fan is inclined towards the west. The main
square with mosque is located in its central part.
The village has traditional low buildings built of
bricks, clay and wood (Figure 2B-D).

Samples Processing and Dendrochronological
Dating of Timber

The historical tree-ring samples came from five
locations in the Zarafshan Range, western Pamir-
Alay (Figure 1C). We sampled tree-ring cores from
three architectural monuments in the Artuch vil-
lage (2000 m a.s.l.; Table 1). Altogether, 10 sam-
ples were taken from cottage #1, and 20 cores were

e major geographical regions of the Central Asia. (B) Detailed

sampled within cottage #2. In addition, we investi-
gated the remains of the temple located at a high-
elevation site (3000 m a.s.l.) at a distance of 2.5 km
from the village (Figure 1C). Eight samples were
taken from the posts and roof construction of the
temple.

We also performed tree-ring analysis of the sa-
cred groves located in the vicinity of the village.
These individual, very impressive sacred specimen
trees, as well as their clusters, used to be an object
of worship and protection. Sacred natural sites have
been defined as areas with special significance to
people and communities, and thus these sites have
been managed as protected areas, which can be one
of the oldest conservation systems. Such sacred sites
serve for managing natural resources and conserv-
ing ecosystems through religious rules (Oviedo and
Jeanrenaud 2007; Dudley et al. 2009). Therefore
their age may provide additional information about
the period when the settlement or temple complexes
were founded and inhabited (Yadav et al. 2014).

All samples were manually taken using
Pressler borer because the use of electromechanical
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Figure 2. (A) General view of the Artuch village, situated within alluvial cone of small right tributary of the Urech River. (B) and (C)
Typical traditional buildings of the central part of the village. (D) Construction elements made of juniper wood.

Table 1. General characteristics and location of investigated objects.

Mean
Number of Number of
Geographical Altitude Samples Taken/ Rings
Site Short Description Coordinates (ma.s.l) Dated (min-max) Species Genera
Cottage #1 Traditional building 39°2005.10"N 1905 10/8 114 (43-369)  Juniperus, Populus
located in the central 68°06'37.18"E
part of the village
Cottage #2 Traditional building 39°1901.05"N 1900 20/16 145 (48-757)  Juniperus, Populus
located in the eastern 68°06'44.39"E
part of the village
Temple High elevation temple 39°20'10.05"N 2553 8/4 122 (69-159)  Juniperus
68°08'04.48"E
Sacred grove #1 Group of 39°20'00.80"N 1780 4/4 165 (50-337)  Juniperus
monumental juniper 68°05'58.55"E
trees located near the
village
Sacred grove #2 Monumental juniper 39°20'06.33"N 2160 1/1 497 Juniperus

trees located near the 68°07'23.52"E
temple
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Figure 3. “Temple” site. (A) General view of the investigated temple. (B) The interior of the temple with beams of juniper tree and
wooden frames with stone filling.

drills was not permitted (see Figures 3B, 7B). Next,
the wooden materials were processed using the
standard dendrochronological protocol (Baillie
1982; Speer 2010). Ring widths were measured
to the nearest 0.01 mm by using the WINDEN-
DRO digital measurement system (WINDENDRO
2010). The number of tree rings in each cross-
section varied from 23 to 757. Only samples that
had more than 45 tree rings were selected for
further analysis. Crossdating, based on visual
and statistical matching of ring-width patterns
of the specimens, was accomplished using TSAP
Win software (Rinn 2010) and checked using
COFECHA program (Holmes 1983). Historical
timber (individual cores from constructional ele-
ments) was crossdated against a regional tree-ring
width chronology for Pamir-Alay (1005-2014
C.E.), which was composed of living juniper trees
collected in the distance of 10 km from the Artuch
village (Opata et al. 2017). The crossdating proce-
dure was based on standard statistical parameters
including “Gleichlaeufigkeit” (Glk) coefficient
(Eckstein and Bauch 1969), correlation coefficient
(r), t-value after Baillie-Pilcher (TVBP), t-value
after Hollstein (TVH), and standard t-value (TV).
To validate or exclude dating results we applied
the following threshold conditions: Glk% =60,
TV (standard t-value, TVBP or TVH) >4.0 and
r>0.32, assuming that threshold values for all three
of these parameters have to be exceeded.

For historical wood, a local chronology was
developed. Series-length growth trends of all the
samples were removed by dividing measured values

by fitted values from modified negative-exponential
curves. This resulted in dimensionless index series
that were averaged together into a chronology us-
ing a robust mean calculation (Fritts 1976). At the
final stage, absolutely dated historical wood was in-
corporated into a regional chronology. The AR-
STAN software was used for detrending and for av-
eraging series into chronologies (Cook and Holmes
1999).

RESULTS

The main building material of the analyzed
wooden constructions was juniper wood. It is asso-
ciated with the occurrence of almost exclusively liv-
ing trees of Junipers seravschanica, J. semiglobosa
and J turkestanica in their natural stands in the
Zarafshan Range. Samples of other species (Pop-
ulus) were seldom employed, and were not exam-
ined because of the lack of a master chronology for
this species. The timber from the Zarafshan Range
shows reasonably good potential for tree-ring cross-
dating. The average number of rings on analyzed
timber samples was 168 years. However, there were
samples with a larger number of growth rings, with
a maximum of 758 annual rings for timber and 497
annual rings for living trees from sacred groves (Ta-
ble 1). Analyzed tree-ring sequences appeared to be
sensitive to environment fluctuations. Mean sensi-
tivity of tree-ring width series ranged between 0.15
and 0.50. Finally, calendar years for tree felling were
established for a great number of timber samples
(Table 2).
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Table 2. Crossdating coefficients between the Pamir-Alay juniper chronology and the individual timbers from the historical buildings.

Overlap Period Date Date Length of Outermost Ring
Lab Code (years) Glk % r-Master TVBP (TV) Begin End Series (years) Below Bark
Temple
TJAR_06 108 58 0.353 5.0 (10.6) 1081 1188 108 yes
TIAR_05 159 61" 0.373 4.2 (6.8) 1398 1556 159 yes
TIAR_04 155 68" 0.342 5.3(4.6) 1524 1678 155 no
Cottage #1
TJHR_03b 53 60 0.739 4.0 (4.8) 1231 1273 43 yes
TIJHR_07 371 59" 0.362 3.3(4.7) 1412 1782 371 yes
TJHR_01 94 62" 0.336 4.0 (3.9) 1863 1956 94 yes
Cottage #2
TJHB_03b 50 75" 0.464 4.2 (4.5) 1014 1063 50 no
TIHB_07b 107 60" 0.352 4.4 (7.8) 1056 1162 107 yes
TJHB_10 698 58" 0.405 4.1 (3.6) 552 1308 757 yes
TIJHB_09b 71 65" 0.398 4.4 (5.5) 1241 1311 71 yes
TJHB_08b 210 56 0.484 4.6 (10.6) 1164 1373 210 no
TJHB_01 49 70" 0.450 4.2 (4.0) 1339 1387 49 no
TJHB_09a 74 64" 0.453 4.1 (4.7) 1488 1561 74 no
TIHB_02b 195 65" 0.329 6.2 (5.6) 1542 1736 195 no
TJHB_02a 330 64" 0.335 5.9(7.3) 1427 1756 330 yes
TIJHB_I1 162 58" 0.371 4.0 (6.9) 1690 1851 162 no
TIJHB_05 407 64" 0.408 6.2(8.2) 1530 1936 407 yes
TIJHB_03a 312 57" 0.375 4.7 (4.2) 1637 1948 312 no
Significance for the Glk-value:
= 95.0%,
= 99.0%,
= 99.9%.

Glk = Gleichlaeufigkeit coefficient, r-master = correlation (coefficient) with master chronology, TVBP = t-value after Baillie-Pilcher, TV =
standard t-value, date begin = calendar year of the innermost ring, date end = year of the outermost ring.

Temple

The small temple was built on steep slope with
the western exposure at the elevation 2553 m a.s.l. It
is located about 2.5 km to the east of the village (see
Figure 1C). This simple construction is used as a
place of prayer of local people and meditation with
harmony of nature. The temple is surrounded by
shrubs and small trees of different species (Figure
3A). Springs and a waterfall are located in the vicin-
ity. The building is open to the northwest. Inside
there are artefacts important to the local beliefs, like
animal horns. The height of the temple is 2.4 m, and
it is built of timber frames with stone infill (Figure
3B). Thus, only eight timber samples could be taken
from this object, however four of them were bro-
ken from decay or could not be dated because of
an insufficient number of rings. Only three samples
(TJAR_04, TJAR_05, TJAR_06) from temple were
successfully crossdated with the master chronology
(Table 2). Their dating was confirmed with statis-
tically significant t-values above 4.2 and good vi-

sual matching of tree-ring patterns. For one sample
(TJAR_07) no convincing match could be found,
graphically and statistically. The calendar age of
the pieces of wood used for the temple construc-
tion varied, which may indicate the continuous use
and ongoing maintenance of this historical struc-
ture. The earliest end date of wood (with outermost
ring below bark) obtained for the vertical beam is
1188 C.E. This result is supported by very high t-
value (TV = 10.6). The consecutive beams had end
dates between 1556 and 1678 (Table 2).

Cottage #1 in the Artuch Village

Cottage #1 is located in the central part of
the village (see Figure 1C). The farmyard consists
of low residential building and outbuildings cre-
ated on an irregular plan with flat roofs. They
are single storey with small basements. The out-
buildings have threshing floors. The cottage has a
small later additional storey (Figure 4A). The farm-
yard forms a string of buildings closed from the
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Figure 4. “Cottage #1” site. (A) The farmyard forms a string of buildings closed from the path; note small additional storey on right.
(B) The interior of residential house, exposed beams of juniper wood.

walkway with an internal courtyard. The cottage is
built of clay and bricks with wooden frames (Figure
4B). It is an example of typical residential building,
common in the northwestern Tajikistan. The sam-
ples were collected from the main construction ele-
ments: joints and pillars. In cottage #1, eight out
of 10 timber samples could be further analyzed,
the remaining two samples being rotten. Of the
eight samples processed, only three have been suc-
cessfully dated (TJHR_03b, TTHR_07, TJHR_01).
All analyzed statistical parameters were above crit-
ical thresholds. For the remaining four (TTHR_04,
TJHR_03a, TJTHR_05, TJHR_02, TJHR_06), the
statistical parameters were lower and these sam-
ples could not be dated. The oldest sample from
this building has outermost ring below bark and
was dated to 1273 (TJHR_03b). Other wooden ele-
ments from this site, dated to the end of 18" Cen-
tury, and also the middle 20 Century, indicate that
the building was continuously used and repaired
(Table 2).

Cottage #2 in the Artuch Village

Cottage #2 is located in the eastern part of the
village (Figure 1C). The farmyard consists of a two-
storey residential building and outbuilding with an
“attic” for storing hay (Figure 5A). The complex
is built on a plan in the letter L. The farmyard is
built on the right bank of a small creek crossing the
village. The complex is built of stones and bricks
with a lot of the wooden elements (Figure 5B). The
samples were collected mainly from joists. In this

building the largest number of the samples could
be taken because of the building’s large dimensions
and relatively easy access to the timber elements.
As in the previous buildings, the obtained dates
are very diverse. The oldest element of the building
has an end date 1063 C.E. (TJHB_03b), which was
proven by good visual and statistical match, but the
age of the building cannot be precisely determined
because of the lack of the outermost ring below
bark in this sample. The second oldest sample was
dated to 1162 C.E. (TJHB_07b). The cutting date
of this beam can be precisely determined thanks
to the presence of the outermost ring below bark.
Four samples from cottage #2 were dated to the 14"
Century and had cutting dates that showed cluster-
ing around 1308/1311 (TJHB_10, TJHB_09b) and
1373/1387 (TJHB_08b, TTHB_01). The other single
timber was dated in the 16" Century (TJHB_09a).
Five other samples that date from the mid-18™
Century to the mid-20™" Century, are the evidence
of the contemporary use of the cottage (Table 2,
Figure 6).

Sacred Groves

In the Artuch village there are two sacred
groves, one located in the lower part of the vil-
lage and the second in the upper part (Figure
1C, Table 1). These groves of juniper trees are
of special religious importance to the local cul-
ture. Additionally, they are important for heal-
ing to indigenous people, according to local be-
liefs. Thus, these juniper trees are the only ones
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Figure 5. “Cottage #2” site. (A) The stony outbuilding with an “attic” for storing hay. (B) Wooden construction elements within stone

wall.

that survive in the vicinity of the village. Any in-
terference is prohibited and requires the approval
of local authorities. The sacred groves are fenced
and marked in the landscape. The Artuch sa-
cred groves consist of several individual freestand-
ing, impressive juniper trees with a well-developed
crown. The height of the trees is about 8—10 meters
(Figures 7A, 7B).

The result of dendrochronological investiga-
tion carried out in 2014 shows that the sacred trees

are of different ages. The oldest juniper grows in the
grove located close to the temple. The age of the tree
(at the breast height) is 497 years. The second sacred
grove comprises individual junipers having different
ages: 50, 95, 127, 217 and 337 years.

Composite Regional Tree-Ring Chronology

Analyzed timber samples were well cross-
dated with the master chronology for Pamir-Alay
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<
[¢)
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Years

Figure 6. Positions of tree-ring width series from Cottage #2 constructions dated against Pamir-Alay master chronology.
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Figure 7. (A) Old-growth juniper from sacred grove with special significance to the local community. (B) Taking incremental core from
juniper (Juniperus seravschanica) tree, representing one of the sacred natural sites in the western Pamir-Alay.

(mean r = 0.445). After crossdating and averaging,
timber samples formed a 1012-year long historical
wood chronology spanning 945-1956 C.E. Good
agreement between living trees and historical wood
chronologies is confirmed by crossdating parame-
ters. The Glk value is 63 (significance for the Glk-
value 99.9%) and t-value is 6.9 with the overlap
between chronologies of 952 years. The time span
of the previously constructed living-tree chronol-
ogy for Pamir-Alay is 1005-2014 C.E. (1010 years;
Opata et al. 2017). After the merging of the living-
tree and archaeological chronologies, the new re-
gional chronology now spans 945-2014 C.E., and

is 1070 years long. The new chronology is only
59 years longer than the living-tree chronology,
but the sample replication in the early part of the
chronology is significantly improved, and thus the
statistical properties of the regional chronology are
improved as well (Figure 8). Incorporation of the
construction wood into the regional chronology
has improved the sample depth and climatic signal
embedded in the chronology, expressed as higher
values of EPS, since beginning of the 13" Cen-
tury. Incorporation of the historical wood into a
regional Pamir-Alay chronology will therefore en-
able reliable estimation of past climatic variation
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Figure 8. 1070-year-long juniper tree-ring width chronology based on living trees (chronology previously published by Opata et al.
[2017]) and relict material (this study) from the Zarafshan Range, western Pamir-Alay, with sample replication of previous (green line)
and new composite (living and historical wood) chronologies (red line).
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over the last eight centuries in future paleoclimatic
reconstructions.

DISCUSSION

The majority of dendrochronological research
in the Central Asia and surrounding areas were
conducted for the purpose of dendroclimatologi-
cal analysis (e.g. Esper et al. 2002; Shao et al. 2010;
Yadav et al. 2011; GrieBinger and Bréuning 2012;
Davi et al. 2015; Opata et al. 2017). Dendroar-
chaeological investigations were carried out in dif-
ferent parts of Central Asia: Nepal, Kazakhstan,
Mongolia, China (e.g. Schmidt ez al. 1999; Vasiliev
et al. 2001; Baatarbileg et al. 2008; Panyushkina
et al. 2007, 2010). Recently many studies have been
also realized in Altai region (e.g Agatova et al.
2014, 2016; Blintgen et al. 2016). Typically den-
drochronological investigations were conducted in
large ancient and historical sites, such as archaeo-
logical excavations, monasteries, and castles. This
study is among the first that concentrates on small,
rural constructions in High Asia. Our results are
important because of the lack of information about
small settlements in contrast to the large towns or
monasteries.

Dendrochronological dating of timber from
Artuch village in western Tajikistan indicates set-
tlement activity in this area from at least the 11—
13™ Centuries. Historical sources indicate that the
Urech River valley was inhabited in the first mil-
lennium C.E. or earlier. In the small town Panjrud,
located ca. 3 km to the northwest of our study area,
famous Persian poet Rudaki was born in 858 C.E.
and died in ca. 941. It is well documented that this
settlement was a relatively large village at that time
(Ghafurov 2011). Although little is known about
the early development of the Artuch village, it is be-
lieved that the nearby Panjrud could influence the
process of settlement in other parts of the valley.

Most of historical samples from this area
dated back to the 17" and 18™ Centuries, most
likely a period of intense development of the vil-
lage. Different dates of the wooden elements within
the analyzed objects indicate the individual replace-
ment with new materials and constant usage of the
buildings. Although the analysis is based on a rela-
tively small amount of timber material, similar re-
sults are obtained for all investigated buildings.

The most important possible limitation for the
interpretation of tree-ring dates may arise from the
reuse of old timber. This common practice was at-
tributable to the fact that juniper has a very high
natural resistance to decay (Mukhamedshin and
Talancev 1982; Scheffer and Morrell 1998; Mor-
rell et al. 1999). Its wood is characterized by high
density and durability. It shows excellent resistance
to termite and fungal attack (xylophagous fungi;
Morrell 2010). The juniper wood is also extremely
durable in contact with the soil (Morrell et al. 1999),
has low shrinkage, and does not tend to crack. Even
after contact with water, it does not deteriorate, and
after drying it preserves its dimensional stability. Ju-
niper heartwood has a high resistance to rot and de-
cay (Mukhamedshin and Talancev 1982). Further-
more, climate is also a very important factor affect-
ing juniper wood decomposition. In semi-arid en-
vironments wood decay is much slower than in wet
areas (Murphy ez al. 1998).

Building practices continued in this area for
hundreds of years, as evidenced by excavations in
many archaeological sites in the ancient Sogdiana
(Murshak 2003), where one- or two-storey houses
were built with the use of sun-dried bricks or stones
with wooden timber frames. Juniper-wood carvings,
columns and remnants of wooden ceilings found in
the ancient Panjikent archaeological site (5 Cen-
tury C.E.), in the vicinity of the study area, are
preserved in very good condition (Azarpay 1981).
Buildings were composed of several rooms of which
the central room usually contained a hearth. Smoke
additionally affected the preservation of wood by
protecting it from xylophagous insects. Durable and
resistant to external factors, juniper material and
continuing style of building construction facilitated
the reuse of wood. An additional factor that af-
fects the reuse of wood is the deficit of raw ma-
terial. Juniper forests occupy relatively small areas
and are located in inaccessible high-altitude sites,
which makes wood very valuable material. Short
stems and a high degree of taper make it difficult
to obtain long and wide logs. Long beams are rare
but a very desirable building material, so they are
commonly re-used.

The timber samples correlate well with the
local chronology constructed from living junipers
growing at the maximum distance of 10 km from
the wvillage, indicating the local origin of the
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material. During the sampling, we tried to find
beams with bark and outermost ring below bark.
However, only part of the collected timbers have
outermost ring below bark, necessary for the year
of tree felling to be determined precisely. For the
correct interpretation of the dendrochronological
dates, it is important to know whether the builders
use green or dried wood. In the latter case, the last
growth ring under the bark will be a few years ear-
lier than the time of building.

The additional complication in interpreting
the results of dendrochronological dating is the
occurrence of dead or partially dead juniper
trees in the forest. The phenomenon of gradual
dieback of very old juniper trees starts from the
crown-top downward, resulting in stunted growth
(Mukhamedshin and Talancev 1982; Murzakulov
2015). These relict trunks could also have been used
as a building material.

In summary, at best the dates we obtained indi-
cate the timing of tree death, but not the exact date
of building construction. This circumstance may be
influenced by several behaviors, such as reuse of
wooden elements from pre-existing constructions,
use of relict wood, and possible seasoning of wood.
All the limitations must considered in interpreting
felling dates and building dates.

CONCLUSIONS

Junipers (Juniperus semiglobosa, J. seravschan-
ica and J. turkestanica) are common long-lived
species in the Zarafshan Valley, Pamir-Alay Moun-
tains. The juniper wood is the main construction
material in the mountainous villages. The results of
this study revealed that all investigated buildings are
made of wood coming from several periods. The de-
velopment of dendroarchaeological research in the
high mountain villages in the Central Asia is im-
portant considering the small amount of archaeo-
logical and historical data, but limitations must be
considered in interpretation of dendrochronologi-
cal dating.

Besides useful information in the chronologi-
cal or human historical context, the developed tree-
ring records can serve as a valuable regional archive
of past environmental and climatic variations. The
analyzed historic wood helped to extend and im-
prove the previously constructed millennial juniper

tree-ring chronology for the Pamir-Alay Moun-
tains. This new composite chronology is 1070 years
long and spans the period of 945-2014 C.E. and
contains a considerable potential for dating histor-
ical objects and as a climatic archive.
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