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Science Highlights

Late Holocene Paleoclimate and Paleogeography in the Tien Shan-

Balkhash Region

B. J. Avemerov, B Ses 5. A, Hesarove

Labaratory of Gec-Archasokogy, Insthute of Geology, Academy of Sclencas, Amaty, Kazahstan; |spka@nursat.kz

The Tien Shan-Balkhash region
{S=rirechie) (Fig. 1) iz a rich natural
archive of paleoclimatic data but
is poorly known. Research in this
region, performmed during Soviet
tirnes and resurned in recent years,
shows that changes in atmospheric
circulation, palecclimats, and pa-
lez-geographical conditions, includ-
ing a chronology of basic events
in the arid continental regions of
Cantral Asia, can be successfully
reconstructed. Research included
rultip rozy reconstruction from geo-
legical-geomorphological, hyd rologi-
cal, paleontalogical (palsobotanical,
palinzlogical), pedological {micro-
marphalegicall and archealogical
studies, as well as indepsndent
dating msthods (EPR - Electronic
Paramagnetic Resonance; MC).

Ouaternary Climatic Events

Data collected during Soviet times
concerning the CQuaternary period
as awhola, are based on qualitative
analysss and relative dating, and
provide low temporal mesoclution.
The following results hawe besn
reported:

— The formation of the high-
rmourtain range of the Tien Shan
began during the Plaistocense, 1.6-1.3
millizn years BR The riseof plateaus
abowe 2000 m and the establishrnent
of the first and largest glaciation oc-
curred 1.2-1.1 million yrs BR

— In the sezond half of the Pleis-
toc=ns (05 million yrs BP), the in-
crease in mountain height to more
than 5000 m blocked the path of
the Indian monsoons. This caused
a reduction and then total halt of
mansoonal influsnce on'West-Cen-
tral Asia and started the process of
aridization that gave the region its
riodern features,

- With the fading of the mon-
soonal influence, polar air masses
frorm the Arctic glacial zone (Siberian
anticyclone) and eastward branches
(along 457507 latituda) of the Atlantic
anticyclons {Azores High) began to
play a major role. In this way, the
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madern mods of atrmospheric circu-
lation was established.

Throughout the Quaternary Pe-
ricd, latitudinal changes in the po-
sitioning of the Atlantic anticyclons
and its branches exerted a crucial in-
fluence on the climate of Kazakhstan
and Sermirechie. It characterized the
switch b=twesn glacial and intengla-
cial periods and, during imtenglacial
and Holocane times, betweean pluvial
and arid phases. Changes in the po-
sition of the Atlantic anticyclons also
affected the water balance of Intarior
resarvoirs (Caspian, Aral, Balkhash,
Alakol, Zaizan) and the volume of ics
depositz inthaTien Shan Mountains.
Thus, lakes and mountains provids
complemeantary archives for paleo-
climatic reconstruction. In Samine-
chie during the Holocene period,
wie reconstruct regular altemation
beteseen arid (hot-dryl and pluvial
{cold-wet) phases, comelated with
high (narthery) and low (southeady)
positioning of the Atlantic anticy-
clone.
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Late Holecene Climate and
Human Adaptation

Cluantitative evaluation and absoluts
dating of palecclimatic changes for
the late Holoo=ne have only been at-
tempted inthe last & years in the con-
texct of geo-archeological ressarch for
project INTAS 97-2220. Tempe raturs
and precipitation reconstructions
are basad on palinological data and
transfer functions located in thres
different zones: The semidesarns of
Southern Pre-Balkhash, the foothills
of the Tiem Shan and Jungarian
ranges, and the high mountains.
Sites with average trench depths of
250 cm provided a 2000-2500 year
ssquence of events. Samples were
collectad evary 7-15 o to allow 150-
year ternporal resclution. Dating was
based on EPR of carbonates and on
comelation with archeoclogical find-
ings from settlernents and tombs
submitted for YCanalyses.

It has besn established that lo-
cal climatic fluctuations are waell
correlated in tendency, time and pe-
ricdicity with global estimates. But
relevant regional anomalies, mainly
determined by the continental loca-
tion of the region, are also observed
iphass 3, emphasizing the forc-
ing impact of seasonal anomalies.
Also, sub-regional differences exist
b=twean plains and mountains be-
cause of their different exposure to
drought and glacial events and the
differant (sormetimes op posite) reac-
tion of their environments to climatic
variations.

In Semirechie climatic forzing on
borders of landscape zones in plains,
and of vertical belts in mountains is
strong enough o influsnce human
use of large arsas. In such cases,
one can analyzs both the correlation
b=twiean climatic and palinological
events, as well as pattams of hurnan
land-use and environmental adapta-
tions such as settlernent localization,
switches betwesn sedantary and no-
madic life or betwesn pastoralist and
farmming activities, or developmea nt of
irigation schemes, etc.
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Modern climatic conditions in Semi-
rechie including the arid contine ntal
plaing and humid mountains ars
moderately hot and dry, with an
average continentality index of
30. Preliminary reconstruction of
palecclimate and human land-use
in plain and mourtain zones of
Semirechie during the last 3200
years distinguishes & main phases,
described balow (Fig. 2.
Calibration with modern stan-
dards suggests that during the
whole imterval, average tempera-
ture range fluctu ated beteeen +1°CF
-2°%C; precipitation betessn £20% in
plains and £30% in mountains, and
continertality indexes betwesn 27

and 34.The five main phases are as
folloas:

Late Subboreal: Late-Final
Bronze Age (3200-2800 BF)
Plains had arid conditions, slightly
warmer and drier than modern;
mountaing had humid conditions,
slightly cooler and wetter than
modern. Glaciers on the Northern
Tien Shan contracted to less than 2
km in length. Balkhash water lewvel
continuad to shrink (from 344 m
asl at 3800 BP) to less than 342 m
asl. From this time on it fluctuated
arcund the 342 m level, dus to a
complex balancing of synchronic
hydrological changes amd the melt-
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ing of forrmer accumulations of ice.
The borders of vegetative cowver in
all landscape zones and vertical belts
rem ainsd close to modem. Human
communitiss (Lats Bronze culture)
practiced pastoralist activities with
sattled wvillages in mountain habitats
[(Aemy 2500 m asl, Turghen 2300 m,
Tasbas 1600 m, Qi-Jailau 1400) and
scattered houses in oases of pied-
mants and plains (Tamgaly 800 m).

Early Subatlantic; Early Iron Age
(2800-2000 BF)

The awverages climate was pluvial —
cooler and wetter than modern,
with larger seasonal amplitudes
of termperature and hurmidity, Both
plains and mountaing had cold-wst
conditions, with some differences in
paradicity: In plains the peak of cold
and humidity fell around 2400 BF; in
the mountains around 2200 BP a dif-
ference probably due to prolonged
ice accumulation. Glaciers on the
Marthern Tien Shan grew back to
mare than 2 km in length. Balkhash
water levels reached a minirmum
of 238 m around 2500 BP and then
peaked at a maximum of 343 m in
2200 BR The borders of wegetal zonas
inthe plaing and mountains changed
in response to climatic fluctuations.
Alpine zones became glacial and
were abandoned {at least during
the cold s=ason). Semidesert plains
ware transformed into steppes,
consistently increasing the potential
ar=as of hurnan activity and favoring
the comversion to nomadic pastoral-
isrm with ssasonal occupation, new
herd composition, horse riding, de-
mographic expansion, and relative
decline in stable howsing mostly
lozated in the pisdmont zone half-
wiay betwssn winter and summer
pastures. A major economical and
cultural change occumed (Saka and
early Wusun cultures).

Shert Interval 2000-1800 EP

This period must b= noted for its ps-
culiarity. There are ubiquitous signs
of increased continentality, with very
sava re cold-dry winters and cold-wet
surnmers. The phenomenon is most
proncunced in plaing where ex-
captionally cold temperaturss and
s=asonal contrasts of precipitation
caused a botanical catastrophe and



cryolitic formations. Data suggest
the establishment of an exceptional
blockage of winter atmosphenic cir
culation in Central Asia for almost
twio centunss, which must corre-
spond to some climatic events of
global dimension. Steppes were
reduced and human habits becams
rmore sedentary, with primitive ag-
ricuttural practices in the piedmont
fans (Wusun culture).

Middle Subatlantie; Early and
Mid Middle Ages (1800-200 BF)
Plaing and mountains wers charac-
tarized by cold-wet conditions until
1000 BPF when conditions closs to
modam wers established. Conti-
nentality indexes rernainad high with
cold-dry winters. The Morthem Tien
Shan saw a catastrophic degrada-
tion of ice deposits from which they
never recovarad. Balkhash watar len-
als decreased to a minimum of 339
rm around 830 BR Human geography
saw the expansion of agrcultural

activities togsther with the spread
of irfigation practices, proto-urban-
ization along river courses and the
blossoming of the northern branch
of the Silk Road (late Wusun and
Turkic pariods).

Late Subatlantic; Middls and
Late Middle Ages (800-200 EF)
Climate became cooler and wetter
than either the former period ar the
rmadam climate. Modarate advances
of ice occumad. The plains reachesd
a minimum termperature around
EED BP. the mountains arcund 250
BF Balkhash water levels continuad
to rise until a peak of 344 m was
reached in 19710 AD. A conversion to
pastoralist practices and nomadic
habits took place. Most likely this
was favored by the reestablis hment
of climatic conditions similar to those
of the Eardy lron Period but also by
political military events and the crisis
in the Silk Road trade {Mongol and
aarly Kazakh periods). After 200 BR.
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climatic conditions tended progres-
sivaly towards the warmer and drier
conditions of modem times.
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