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1. Modern Change

Satellite images: USGS

1960:
Surface: 68.000 km2

Volume: 1090 km3

End of the 1960s
large scale irrigation began 
for cotton and rice

In the arly 1990s
the lake surface was 
reduced to 50%

the volume to only 30%

Today (2003/2004):
Surface: 17.160 km2

Volume: 113 km3

1. Modern change
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Lenin

Kyzyl Kum

1. Modern change

Akespe
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Kropotkin 1904

Butakoff 1848-49

Geography Archaeology

2. Research history

First interest:
(Лерх 1867)
First interest:
(Лерх 1867)

First monument lists:
(Каллаур 1900-1903)
First monument lists:
(Каллаур 1900-1903)

Khorezmian-Expeditions:
(Толстов et al.)
1930s to 1980s

Khorezmian-Expeditions:
(Толстов et al.)
1930s to 1980s
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The maps
of

S. P. Tolstov
permitted

first 
reconstructions of 
settlement shifts

The maps
of

S. P. Tolstov
permitted

first 
reconstructions of 
settlement shifts

Толстов 1962

2. Research history
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Under leadership of
S. P. Tolstov

the collaboration between 
Archaeologists and 
Geosciences began,

especially for the southern 
part of the Aral-Sea

(Khorezmia)
e.g.

Толстов & Кесь 1960;
Виноградов & Мамедов 1975

Today this would be 
„Geoarchaeology“

Толстов & Кесь 1960

N. Boroffka, Archaeology, climate, hydrology
2. Research History

2. Research history
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3. Archaeology

3. Archaeological materials

Palaeolithic
(50.000-35.000 BP)
Neandertal-Man

Palaeolithic
(50.000-35.000 BP)
Neandertal-Man

Neolithic
(8.000-5.000 BP)
Homo sapiens

Neolithic
(8.000-5.000 BP)
Homo sapiens
Виноградов 1979; Szymczak/Khudzhanazarov 2006; Boroffka 2009 (in print)

Resettlement 
after the 
8.2ky event

Eneolithic
(6.000-4.500 BP)
Eneolithic
(6.000-4.500 BP)

Early Bronze
(4.500-4.000 BP)
Early Bronze
(4.500-4.000 BP)
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3. Archaeological materials

Bronze Age (4.000-3.000 BP)Bronze Age (4.000-3.000 BP)
Iron Age

(3.000-2.300 BP)
Iron Age

(3.000-2.300 BP)
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3. Archaeological materials

Antiquity
(2.300.000-1.500 BP)
Antiquity
(2.300.000-1.500 BP)

Middle Ages
(1.500-500 BP)
Middle Ages
(1.500-500 BP)
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60 m a.s.l.

4. Discussion

4. Discussion

Kerderi

Pulzhaj SE Aral bed

SW Aral
bed

Akespe Tastubek
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Terrace I (72/73 m a.s.l.) can not
be confirmed for any part of the 
Holocene

Terrace I (72/73 m a.s.l.) can not
be confirmed for any part of the 
Holocene

Terrace II (57/58 m a.s.l.) can not
date from 3000/4000 BP (Bronze 
Age settlements lie at lower 
elevations)

Terrace II (57/58 m a.s.l.) can not
date from 3000/4000 BP (Bronze 
Age settlements lie at lower 
elevations)

The medieval regression was
lower than 30 m a.s.l. (Water level
2003; Kerderi, Pulzhaj)

The medieval regression was
lower than 30 m a.s.l. (Water level
2003; Kerderi, Pulzhaj)

The Bronze & Iron Age water 
level probably lay at 42 m a.s.l.
The Bronze & Iron Age water 
level probably lay at 42 m a.s.l.

Summarised oscillations of water 
levels of the Aral Sea
Summarised oscillations of water 
levels of the Aral Sea

4. Discussion

Boomer et al. 2000
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Possible reasons for water level oscillations

Climate
Natural changes of river 

courses (e.g. earthquakes, 
tektonics)

Artificial changes of river 
courses

(e.g. war)
Irrigation

4. Discussion
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Kokča 15 – Bronze Age irrigation

Akča Darja
Fields
11th-13th Cent. AD

Koj Krylgan Kala
Vinyards
4th Cent. BC
to
4th Cent. AD

Bazar Kala
Canals of:
Bronze Age (1)
Iron Age (2)
Antiquity (3)

Irrigated 
surfaces 
(Antiquity-
Middle Ages):
5-10 Mio. ha.

Soviet Union:
6,5 Mio. ha.

Irrigated 
surfaces 
(Antiquity-
Middle Ages):
5-10 Mio. ha.

Soviet Union:
6,5 Mio. ha.

Oberhänsli et al. 2007

4. Discussion
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Neolithic

Bronze & Iron
Ages

Antiquity

Middle
Ages

Late Middle
Ages

Толстов & Кесь 1960; Толстов 1962 ; Виноградов 1981; Boroffka 2009 (in print)

4. Discussion
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0 1000 2000   Ca

Ca

Ca

1221 Mongol invasion
1208 Earthquakes 

Idrisi

1370-1380 Timur
Kazwini & Khowarezmi
(low WL)

Dam building

Important events
& sources

Kerderi (low WL)

Pulzhaj

Pulzhaj

irrigation

?

Sr

Sr 100 200

Sr

Sr

12 m CLIMAN – Core from Chernyshev-Bay, N-W Aral-Sea

Uzboj
aktive (?)

Oberhänsli et al. 2007

Age
(years AD)

Relative element frequency
(XRF - count)

Water level Reason for
water level change

Climate

older than 
AD 400 

2000

1600

1200

800

400

dry humid

low high

(now 30,5 m a.s.l.; 
Zavialov 2005)

?

4. Discussion
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According to medieval (arab and persian) reports the 
Amu Dar´ja drained to the Aral until the Mongol 
invasion in 1221.
Later water is repeatedly mentioned in the Uzboj

Hamdallah Kazwînî in 1339 mentions Aral only as salt 
lake and Bedr-ad dîn al Khowârizmi does not mention it 
at all when describing the Syr Dar´ja

In the war against Khorezmia Timur in the 1370s-1380s
destroyed irrigation structures

A. Jenkinson in 1558 describes gardens on the Uzboj (?)

Khan Abulghazi (1603-1663) reports that the Amu Dar´ja
drained to the Aral again only 30 years before his birth 
(i.e. 1573)

According to medieval (arab and persian) reports the 
Amu Dar´ja drained to the Aral until the Mongol 
invasion in 1221.
Later water is repeatedly mentioned in the Uzboj

Hamdallah Kazwînî in 1339 mentions Aral only as salt 
lake and Bedr-ad dîn al Khowârizmi does not mention it 
at all when describing the Syr Dar´ja

In the war against Khorezmia Timur in the 1370s-1380s
destroyed irrigation structures

A. Jenkinson in 1558 describes gardens on the Uzboj (?)

Khan Abulghazi (1603-1663) reports that the Amu Dar´ja
drained to the Aral again only 30 years before his birth 
(i.e. 1573)

Major earthquakes in western Central Asia (Melville 1980):

1145              (540 H.)
1208/1209     (605 H.)
1251              (649 H.)
1270              (669 H.)
1389              (791 H.)
1405              (808 H.)

Major earthquakes in western Central Asia (Melville 1980):

1145              (540 H.)
1208/1209     (605 H.)
1251              (649 H.)
1270              (669 H.)
1389              (791 H.)
1405              (808 H.)

Baimatowa 2008

Barthold 1910; Oberhänsli et al. 2007

4. Discussion
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Issyk Kul
flooded sites
(unpublished)

Buried sites in Tadjikistan
(Erosion events)

Ehlers 1971; Kohl 1984; Dirksen et al. 2003

ca. 850 v.Chr.

Kutuzhekovo-Ozero, Minusinsk

ca. 850 v.Chr.

Beloe-Ozero, Tuva

Shah-Tepe
Tureng-Tepe

Yarim-Tepe

Aral-Sea

Kyzyl Kum

4. Discussion
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Climate evolution in Central Europe
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Water levels of the Aral Sea and climate reconstruktions for Central Asia

5. Conclusions
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1. The Aral during the Holocene never had a higher water level (72/73 m a.s.l.) than in the 
1960s (54/55 m a.s.l.)

2. Changes in cultural orientation, economy and settlement structure in the Eneolithic 
and the Early Bronze Age (3000-2000 BC) were dependent on climate

3. Probably the Amu Dar´ja before the Bronze Age (2000 BC) did not flow to the Aral Sea
This explains a low lake level until the Bronze Age, in spite of a humid climate

4. The low water level of Aral (42 m a.s.l.) in the Bronze and Iron Ages (2.000-800 BC) was 
identified only recently
A climate change from 850 BC led to higher water levels

5. Since classical Antiquity (ca. 600 BC) the human factor (irrigation) is important

6. In Antiquity and the Middle Ages major regressionsn of the Aral Sea were caused by 
climatic and human factors

7. Shortly after AD 1200 a very prominent Sr peak shows that the Amu Dar´ja did not
contribute significantly to the water balance of Aral
Probably it drained through the Uzboj to the Caspian Sea
The reasons were natural (Earthquakes) and/or human (Mongol invasion)

8. The Iron Age climate change, a Late Roman climate extreme and the „Little Ice Age“
are identifiably in Central Asia similarly to Central Europe
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Thank You
for your

attention!

N. Boroffka, Archaeology, climate, hydrology


