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Abstract. A 5-rn long core of bottom sediments from the Kara Bogaz Gol Bay of the Caspian Sea, 4-
m and 2-rn cores from the Issyk Kul Lake of the Thian Shan Mountains, and a 4-rn core from the Aral
Sea were examined for evidence of climatic and environental changes in the catchment basin of the
Central Asia Region. The distribution of 180 and 13C in the bulk carbonates, 2H in the pore water,
radiocarbon age, oxygen and hydrogen isotopes in the lake water, abundance of CaCO 3, MgC0 3, and
the basic salt ions of Na+, K, C, S04'- in the cores were measured. The isotope and
hydrogeochemical data of the Kara Bogaz Gol Bay sediments prove a historical scenario for the basin
which suggests that fresh water has been discharged to the Caspian Sea during the Bay's humid
episode across the Central Asia Region (-~ 9 Ka BP). Isotope and geochemical evidence indicate that
the sedimentation of the upper core segment has taken place during the last -2.2 Ka BP in the
environment of sea water recharged from the Central Caspian Basin. The period of between 4.3 and 6
Ka BP, which relates to the core depth interval of between 170 cm and 260 cm, demonstrates the most
dramatic change in the sedimentation rate in the Issyk Kul Lake. It means that active melting of the
mountain glaciers and warming of climate has happened just in this period. The swamp plant peat
layers at depths of 230 cm and 130 cm indicate that during 3.5-3.7 Ka BP and 1.6-1.8 Ka BP the Aral
Sea dried and broke up into a number of lakes and swamps. Sediment cores taken from the bottom of
the Kara Bogaz Gol Bay, Lake Issyk Kul and Aral Sea show periodic rise and fall in water levels
during the last -10 000 years. Two peat layers within the sediment core of the Aral Sea and dated at
1.6-1.8 Ka BP and 3.5-3.7 Ka BP demonstrate that this reservoir also periodically dried.

1. INTRODUCTION

While studing bottom sediments from the central and southern basins of the Caspian Sea, a
reversal in main direction of the river runoff to the sea in the past was discovered [1, 2]. Since
the beginning of the Holocene, runoff to the Caspian Sea has been mainly derived from the
northern Volga-Ural basin. Previously, the Aral Sea catchment basin was the principal
drainage area, which was at that time situated in the humid zone. As such, the Aral-Caspian
basin can be considered as a single catchment covering both humid and ad zones. By
studying bottom sediments from the Aral Sea, Lake Issyk Kul and Kara Bogaz Gol Bay we
explore new evidence which proves that past environmental changes occurred in the region
due to climatic variations.
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The Aral Sea catchment basin is situated within the Turanian Lowlands and is bounded by the
inner slopes of the surrounded highlands. The upper water level of the sea is limited by the
mount Kugunek sill (58 m a.s.l.). The sill is the origin of the Uzboy River which discharges
excess water from the Aral to the CaIspian Sea. The Issyk Kul catchment basin is located in the
Thian Shan mountains at altitude of -1 600 rn a.s.I. Lake Issyk Kul is also a closed reservoir. It
has a volume that is roughly two times larger., and a depth that is roughly ten times larger than
that of the Aral Sea. The upper limit of the lake water level is determined by the sill (15 m)
on the right bank of the Chu River that discharges to the Aral Sea basin (Fig. 1, Table ).
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FIG. . Aral-Caspian catchnment basin and position of the studied closed reservoirs.

Table . Hydrological characteristics of the studied reservoirs

Aral Sea Lake Issyk Kul Kara Bogaz Gol Bay

Location 450N, 6 0E 42030'N, 7704'E, 400IO'N, 500 20E
Surface area 1km21 64 500 6 330 10 000
Volume [kin 3] 1000 1700 200
Catchment area [km2] 690 000 21 900 50 000()
Mean / max depth [] 20/67 278/702 1/3,5
Mean annil. tempr.
surface / bottom [0C] 10/3 8/2 6/4
Salinity [o/oo] 11 5,8 250
River runoff [CM 3/a] 55 3 1 0
Precipitation [kM3/a] 6 1,2 1
Evaporation [km3/a] 61 4.2 1 1
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2. CORING. SAMPLING AND MEASUREMENTS

Three 4 to 5 n-long cores of bottom sediments taken from the Kara Bogaz Gol Bay, Lake
Issyk Kul and Aral Sea at water depths of 0.5 m, 250 m, and 23 m respectively, were analyzed
in laboratories of the above authors and interpreted from the point-of-view of establishing
relationships between climate change and water balance of the closed reservoirs in the same
catchment basin. Distribution of oxygen-i18 and carbon-I13 in bulk carbonates, deuteriur in
pore water, radiocarbon dating, oxygen and hydrogen isotopes in lake water, abundance of
CaCO3 and MgC0 3 and the major salt ions Nat , K+, C-, S04- in sediments were studied.

Oxygen and carbon isotopes were measured by conventional mass-spectrometry and reported
with respect to the PDB standard (NBS- 1 7 distributed by the IAEA Analytical Services) with
analytical precision of ±0. 1 %o for 6180 and ±0.2 %. for 613C. Oxygen and hydrogen isotopes
in water samples were analysed by mass spectromnetry and reported with respect to V-SMOW
standard distributed by the AEA. Radiocarbon age of sed iments was determined by
conventional methods. Major salt forming ions Na+, K+, C1, S04 were measured by means of
extraction from dried samples. Distilled water was poured over the dried sample at room
temperature and at a sample-to-water weight of 1:5. Then the value of Nat and K+ in solution
were determined using flaming photometry and C was measured by titration. For
determination of carbonate mineral contents, the samples were processed with hydrochloric
acid to transfer the readly soluble carbonate fraction into solution. The concentration of Ca++
and Mg- in the solution were determined by titration.

3. RESULTS AND INTERPRETATION

3.1. Kara Bogaz Gol (Black Throat Lake)

Due to limited temporal resolution of our experimental data, we focus here on interpretation
of the long-term changes in sedimentary properties. Fig. 2 presents information obtained by
isotope and chemical analysis of the sediment samples and by their geological description.
The ithology represents alternated layers of silty clay and sandy silt with localized inclusions
of salt crystals. Three stages in changing sedimnenation environent can be marked within the
core section. The data related to its deepest part from 5.2 to 4 m shows that sedimentation
occurred in a reservoir which was being actively replenished by fresh river water starting at
-9 Ka. In fact, positive values of 62H = +6 %o, characteristic of a nearly dessicated lake, are
depleted up to -6%o at 4-rn depth. The values of K+, Nat , Cr, S04-, CaCO3 and MgC0 3 within
that depth interval are typical for river water. Oxygen and carbon isotopes demonstrate their
relationship with continental carbonates. Precipitation of carbonates in lake water in
equilibrium with atmospheric C 2 at -+22 0C gives 6 13C=+3%o. The second stage of
sedimentation covers the core interval from 4 to 1.7 m. The measured parameters over this
interval suggest that sedimentation occurred in a more actively replenished fresh water
environment. Here 62H values in pore water decrease to -- 18%o. The values of61'C, Na, CU-,
S04- decrease and those of 6180, K+, CaCO3 and MgC0 3 increase due to inflow of terrigenic
carbonates by freshwater. A narrow variation in the measured values suggests that the lake
outlfow may have been regulated by discharge to the Central Caspian basin. Precipitation of
carbonates in equilibrium with atmospheric C 2 at -+10 C and 6 13Corganic = 20%o gives
613C=+3.5%o. In contrast, the uppermost part of the core from 1.7 to 0 m is characterized by
negative values of 6180 in carbonates. 62H values in pore water are close to their modem ma-
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gnitude and are equal to about -6 %o for the Bay. The content of Na+, CF, S04-, CaCO3 rises
and the amount of K+ and MgC0 3 also decreases. Combined, thesefeatures indicate that
sedimentation of the upper core segment took place during the last -2.2 Ka an environment
influenced by marine water recharged from the Central Caspian basin.

It appears from the above evidence that the Kara Bogaz Gol Bay was a high-throughflow lake
during the middle Holocene. Its name in local Turkmenian dialect, meaning 'Black Throat
Lake', seems to be more appropriate in this sense than its present name 'Bay'. Due to its small
capacity and 4-in high sill (relative to its present state) located at a distance of 1 1 km from the
shore of the Caspian Sea, the lake becomes open for inflow and outflow of surface water
depending on the sea level. Prior to -2.2 Ka, water levels in the Central basin were lower than
in Kara Bogaz Gol and the lake was recharged by its catchment basin. After that, the situation
was reversed.

3.2. Lake Issyk Kul (Hot Lake)

Issyk Kul is a typical high-mountain lake of tectonic origin. Its water level is governed by
inflow from about 50 rivers and springs mainly of glacial origin. Our previous isotope studies
have shown that about 10-20% of total precipitation over the catchment is derived from local
lake vapour [3]. Water level of the lake is continuously changing. For instance, the lake level
dropped by 130 cm between 1965 and 1985. and since 1985 has been slowly rising. In order to
study palaeoclimatic effects in the basin, two sediment cores of roughly 4-in and 2-in in length
were extracted and analyzed from waters depths of 250 m and 650 m, respectively.

The results of isotope, chemical and textural analysis of sediments, including radiocarbon
dating of adult shells of the ostracode Candona sp. are presented for one core in Fig.3. Three
specific periods in sedimentation history are distinguished here. The deepest part of the core
from 4.3 m to 2.6 m is characterized by rather uniform textures and low values of 6180, Sr/Ca,
total organic carbon, monohydrocalcite and slightly increasing content of CaCO3 and MgC0 3
to the upper direction. Such parameters are indicative of steady state sedimentation process,
and minor water level fluctuations due to continuous overflow of excess water to the River
Chu. The sediment parameters of the second stage of lake evolution between 6 and 4.3 Ka (or
from 2.6 to 1.7 m) are consistent with decreasing lake levels, including increase of salinity and
decrease of sedimentation rate. Such conditions are further evidenced by an increase of 6180,
Sr/Ca, CaCO 3 values and decrease Of MgC0 3 content. The properties of the uppermost part of
the core show that changes in water level caused periodic overflow of the excess water to
River Chu. Overall, since about 2.9 Ka, water level of the lake has undergone a notable
decrease. The values of sedimentation rate, 6180, Sr/Ca and variation of organic carbon
content in sediments further support that conclusion. The amplitude of water level rise is
limited by the occurrence of a 6-km wide and 1 2-in high sill (relative to present state) that
separates the River Chu from the lake on its western side. During humid episodes of climate,
or periods of active melting of the moutain glaciers, the lake capacity was shortly filled in up
to the sill level. After that, excess of water discharged to River Chu. The existence of 10-12 m
terraces situated around the lake also support this conclusion. Discharge of lake water over the
sill is thought to have occurred before -6 and periodically after -4.3 Ka BP. A cooling period
from 6 to 4.3 Ka is likewise accompained by reduced glaciar melting, decreased runoff, and a
reduction in lake sedimentation rates and and lake water levels.
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3.3. The Aral Sea

From evidence gathered during studies of coastal terraces and bottom sediments, four
transgressive and three regressive episodes are distinguished in the Holocene history of the
Aral Sea. The rise of the sea level during the transgressions was fixed at elevations of +57,
+54.5, +53.5 and +53 m a.s.l. The regression drops were observed at elevations of +44, +43
and +35 m a.s.l. This implies that at least once in the early Holocene the Aral Sea discharged
to the Caspian Sea, and twice or three times during this period it became nearly dried up.
Evidence of drying episodes include the occurrence of two layers of swamp plant peat and a
salt layer within bottom sediments collected in water depths of 20-25 m [3].

During a field expedition organized by Moscow State University in 1980, a 4 in-long core of
bottom sediments at 23 m depth in central part of the sea was taken. Lithological descriptions,
carbonate content determinations and 14C dating were also carried out. Radiocarbon age of
Cardiumn shells, swamp plant and dispersed organic carbon and bulk carbonates in 36 samples
of the core were accurately measured at the Water Problems Institute [4] in order to compare
radiocarbon ages obtained for different carbon compounds of the same sediments. Table HI and
Fig.4 demonstrate comparative results of C-14 ages of bulk carbonates, Cardium shells and
organic carbon for the Aral core. The data show that Cardiunm shells and swamp plant peat
ages appears to be in harmony. However, dispersed organic matter deviates slightly from the
above values. Considerable dispersion is observed in bulk carbonate ages due to the presence
of dead terrigenous carbon.

TABLE II. Radiocarbon ages of bulk carbonates (CaCO 3), carbonates of cardium shells
(CaCO 3*). carbon of total dispersed organic matter (TOC) and carbon of swamp plant peat
(TOC*) in the Aral bottom sediments

-Depth Dating Corrected ±a j Depth Dating Corrected ±ca
[cm] material 14C age [yr] I [cm] material 14C age [yr]

0-17 CaCO3 750 120 205-221 TOC* 3450 80
0-17 TOC 460 160 225-238 CaCO 3 7670 180

19-30 CaCO 3 4370 100 242-260 CaCO3 6390 80
19-40 TOC 1560 100 260-287 CaCO 3 9030 150
34-47 CaCO3 3050 100 260-287 CaCO3* 4810 180
34-47 TOC 720 120 288-300 CaCO3 8200 220
72-84 CaCO 3 3950 120 288-300 TOC 4990 250
84-98 CaCO3 3690 100 310-324 CaCO 3 6890 150
84-98 TOC 1830 300 310-324 TOC 5750 250
98-111 CaCO3 3550 120 310-324 CaCO 3* 5610 220
98-111 TOC 1270 250 325-341 CaCO3 8160 100
111-125 TOC 2300 180 325-341 TOC 7960 120
125-130 TOC* 1510 150 342-345 CaCO3 7590 150
141-150 CaCO3 2730 100 342-345 CaCO 3* 6090 150
150-164 CaCO3 3600 120 367-377 CaCO3 8030 100
150-164 TOC 1900 250 367-377 TOC 7300 390
164-190 CaCO3 3970 100 382-400 CaCO3 7540 100
205-221 CaCO3 5330 100 382-400 TOC 6650 390

150



+ 

o - *~~~~~~~~~~~~-10x12

J = _ _ _ _ _ _ _ _ _ _ _ _ _ _

_ _ _ _ _ _ _ _ _ _ 

~~~~~~ h

k- ~

r~o ~ - ~ .$-I27ULhse

* I~~~~~~~~~~~~~5 ±2

",zv S a-%

20 .<-.i, ~ ~ 6 3

FIG 5.Liholgy bukcroaecnetadsdmnainrt fterlcr ae t2 et

Fig. 5 deosraeLithology, bulk carbonate content and sedimentation rate of the Aral cr ae t2 et

core. Three stages of sedimentation regime are divided within the core. The deepest part from
4 to 2.5 m was formed during the early Holocene under low sedimentation rates and
decreasing sea water levels. The swamp plant peat layer of 20 cm thickness at 2.3 m depth
indicates that the sea dried and broke up into a number of isolated lakes and swamps by about
4.5 Ka BP . The subsequent sea level rise and fall culminated in a second drying event at
about 2 Ka. This date was fixed by a series of thin layers of the swamp plant peat identified in
the sediment core. Sedimentation of the uppermost part of the core after -1.3 Ka occurred
under a regime of variable runoff, a condition recorded in the alteration of silty clay and
sandy silt layers.
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A specific feature is noted in the relationship between sedimentation rate and sea water level.
The Aral Sea is a shallow reservoir. Its maximum depth in 1960 was 60 m. Until 1990 the sea
level droped by -15 m during which time the water area decreased from 65 000 to 40 000 km 2

and sea volume reduced from 1000 to 400 km3 . Over that time salinity increased from 10 to
24%o. Increase of the sea level to its maximum value (+58 m a.s.l. or 65 m depth) extends the
water area 3- to 4-fold and increases the water volume by 2- to 3-fold. During these high level
stands, the source of sediment (Amu Darya, Syr Darya, other rivers and costal area) becomes
more distal. The observations in Fig.5 show a general increase in sedimentation rate from
bottom to top in the core which indicates that there has been a tendency towards sea level
decrease since about 7 Ka.

4. ARAL - CASPIAN EVENTS

A general picture of hydroclimatic change in the Aral-Caspian catchment during the Late
Pleistoncene-Early Holocene is presented in Fig. 6. Latitudinal shifts in climatic zones in the
region during this time have been discussed previously [1, 2. The data presented here for
Kara Bogaz Gol, Issyk Kul and the Aral Sea bottom sediments appear to provide additional
support for interpretation of the paleoclimate and paleohydrology of the region, and support
and expand on the interpretations of our previous work.
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FIG. 6. Effect of latitudinal shift of the _-one of humid climate in the Aral-Caspian basin. (a) drainage
basin change from the Volga- Ural to the Amu Darya-Syr Darya; (b) regression of the Caspian and
transgression of the Aral Sea during the transition time.
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5. CONCLUSION

The results presented herein demonstrate that climate change in the Aral-Caspian catchment
was the main factor governing variations in the hydrological cycle over the region. More
detailed studies over longer time-intervals using sedimentary archives from lakes and seas
appears to be a promising direction for future water resources research in this and other arid
zone basins.
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