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Abstract

The problem of replenishment of groundwater and lakes in the Central Asian and Caspian
arid region during the Late Pleistocene-Holocene transition time on the basis of isotope studies is
discussed. Interpretation of the oxygen and carbon isotope record from the palaeogroundwaters and
lake sediments shows that during climate cooling over the Eurasian continent its humid zone was
extended towards the arid regions. In addition, voluminous glaciers were accumulated in the northern
and southern mountain regions. Intensive melting of the glaciers during the transition time provided
effective replenishment of the aquifers and lakes in the arid zone by fresh water.

1. INTRODUCTION

The natural phenomenon of the Earth aridity in a number of large regions appears in deficit of
atmospheric moisture. This is because of specific conditions in moisture transfer over the regions. As
a consequence of such conditions deficit of soil moisture appeared due to excess of evaporation
relative to precipitation. The ratio of evaporation to precipitation is called index of aridity. The value
of the index for arid regions is equal to E/P>3, and for semi-arid regions this value ranges inl<E/P<3
limits. The value of aridity index is characteristic for a region with positive mean annual temperature.
But value of index E/P>1 is also observed for the regions with cold continental climate. Russian
northeast Siberia and region of Yakutia in particular represent an example of such phenomenon.

It is well known that the main reservoirs of water resources in arid and semi-arid zones, which
are groundwater, closed lakes and mountain glaciers, are replenished during humid climate periods.
Current water of precipitation of amount of 50-200 mm/yr is lost by evaporation. In this connection
the problem of impact of climate changes on hydrological cycle in arid and semi-arid regions is of
great practical importance.

Isotope studies of palaeogroundwaters, glaciers and lake sediments in arid regions give
unique information for solution of this problem. Environmental isotopes of oxygen, hydrogen, carbon
and uranium series in climatology are mainly used for determination of palaewater temperature and
the age of the climate events. Palaeoclimatic studies of the ocean carbonate shows also possibility to
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calculate the volume of the glaciers was accumulated in the polar and mountain regions using oxygen
isotope data. In this paper we try to analyse the collected isotope data of groundwater and lake
sediments in the Central Asian and Caspian arid region in order to identify the glacial-interglacial
periods of replenishment of their water reservoirs.

2. OBSERVATIONS OF PALAEOGROUNDWATER

2.1. Humid Region

Let us consider a general picture of replenishment of groundwater within European and Asian
Russia and in an arid region of Central Asia during the Pleistocene-Holocene transition time using the
data obtained by the authors [1,2].

During last glacial maximum 22-14 Kyr BP groundwaters within the central and northern
regions of European Russia were not replenished. In accordance with our isotope data this process
was completed 14-12 Kyr BP. First windows for the melted water infiltration were appeared along
river and lakebeds. Intensive groundwater recharge in South Karelia is recorded during after-glacial
optimum about 7-5 Kyr BP.

Analogous conditions of groundwater resources formation are typical for the Cambrian-
Vendrian complex of the Baltic Sea in Estonia. Here intensive groundwater recharge through melting
zones of riverbeds was favoured by low water pressure in the aquifers because of degradation of
cryogenic strata. The prolonged frozen stage of the Cambrian-Vendrian complex most likely resulted
in accumulation of 234U in the crystalline lattices defects of minerals. The uranium isotopes entered
into the liquid phase preferentially during development of the permafrost and were incorporated into
the aquifers together with the melted water.

Degradation of the permafrost thickness in an aquifer is likely resulted in formation of zones
with low water pressure are observed in Yakutia, which led to quick filling of aquifers with fresh
water. Using the palaeoclimatic temperature gradient of about -0.6%o/°C one can conclude that the
mean annual temperature during the time of the glacier formation in the region under study was about
14°C lower than modern temperature of 5°C, i.e. -9°C. The present similar temperatures are observed
in Yakutia region (northeast of Siberia), where the mean annual isotopic composition of precipitation
now is close to that in palaeowaters of Estonia.

The reconstruction of groundwater recharge and discharge for the central region of European
Russia was done by using the radiocarbon age of freshwater carbonate sediments, which were formed
at the discharge of groundwater into river valleys, and by water circulation in the carbonate rocks and
tuffs of the Carboniferous age. Palaeotemperature studies of the carbonate sedimentation, which were
carried out on the basis of oxygen isotope thermometry, demonstrate temperature values ranging from
1.5°C to 14°C. Higher temperatures correspond to decrease of age of the carbonate sediments. The
wide range in temperature variation of the carbonate sedimentation reflects not only the impact of the
Holocene climatic epoch, but also the effect of the seasonal variation in groundwater temperatures.
Calcareous tuffs with an age greater than 10 Kyr were not found in Moscow region up to now after
examination of 70 samples taken from 6 different sites. This fact indicates the absence of groundwater
discharge into river valleys during the minimum stage of the Valday glaciation owing to the
continuous formation of permafrost (18 Kyr BP). There are no tuffs with an age exceeding 25-30 Kyr,
which is related most likely to their complete destruction by the glaciers.

No recharge of groundwaters in sediments of the Upper Devonian in the Central European
region of Russia was found in the course of study on the exploration of groundwater occurrences in
the south-western part of the Moscow artesian basin. The results obtained show that approximately
12-25 Kyr BP ago restrictions in recharge of the aquifers existed which can be related to the presence
of permafrost. The isotopic composition of atmospheric precipitation during Valday glaciation 25-30
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Kyr ago was similar to the modern values. According to the isotope gradient, the temperature in the
regions studied during the seasons of the aquifer replenishment was only 1-1.5 С lower than the
modern temperature.

2.2. Semi-Arid Region

Within the southern part of west Siberian lowlands the determined radiocarbon age of
groundwater of the Beshcheul series of the Lower Miocene is about 8 Kyr BP. The minimum 8D and
8I8O measured values were -140%o and-18%o respectively. These values differ considerably from the
mean annual isotopic composition of atmospheric precipitation (5D=-108%o and 8180=14.2%o), and
correspond to average values for cold seasons of the year from October to May. The experimental
data obtained lead to the conclusion that the beginning of the intensive groundwater recharge of the
Beshcheul series at the site studied began not earlier than 8 Kyr ago after degradation of the
permafrost rocks. The 8D and 8I8O values obtained is evidence that mean annual temperatures in the
south of the west Siberian lowlands were lower than modern values by about 6°C. This conclusion
proves independent stratigraphic and radiocarbon studies carried out in the southern part of the west
Siberian lowlands [3]. Since the modern mean annual temperature in the region does not exceed 1°C
and 8 Kyr ago was -5°C, at such low temperatures it is difficult to assume complete degradation of the
frozen rocks and intensive recharge of groundwater. The groundwater isotopic composition most
likely reflects the climatic conditions of the Late Pleistocene in the south Ural mountain ridges, where
the glaciers which recharge the surface channel network of the south of the west Siberian lowlands
were probably formed.

2.3. Arid Region

Isotope studies of the Yaskhan reservoir of fresh water in the central region of Preuzboy
Kara-kum desert (west Turkmenia) showed that the majority of fresh water whose mineralization is
less than 0.6 g/1 are homogeneous in their 14C content (17-22 pmc). Assuming that the underground
reservoir was formed from infiltration of waters of the Pra-Amu Darya River (the reservoir is located
near the dry bed of the Uzboy River), where the 14C concentration was 100 pmc, the age of the
reservoir water is about 13 Kyr BP. However, as our study of the modern rivers of Central Asia
indicated, the I 4C content there did not exceed 90% of its modern content in the atmosphere. If this
assumption is valid for the Late Holocene, the age of the reservoir waters will be about 12 Kyr.

The hydrogen and oxygen isotopic composition of the reservoir of fresh water and saline
waters of the Kara-kum Stream below it differs considerably. In the first case, the average value of 8D
and 818O are -66 and -7.2%o, respectively, while for the second type they are -78 and-7.8%o. In waters
of the surface part of the reservoir at depth of 4 m near Yaskhan Village, where the 14C content was
found to be related to the modern atmospheric recharge (the concentration of the 14C was 65 pmc), the
values of 8D and 518O were -54 and 7.9%o respectively.

The excess parameter d is 18.4 and -16.6%o for fresh and saline waters, respectively, indicates
the considerable transformation of atmospheric precipitation recharging groundwaters owing to non-
equilibrium evaporation processes. For modern recharge waters d=9.2%o. The excess parameter value
is close to the value which is typical of the majority of meteoric waters, for which d=10%o.

Isotope studies of the Yaskhan lens of fresh waters show that there was quick formation of the
balk of fresh waters not earlier than 14 Kyr ago. According to deuterium concentrations, the climate
in the Late Pleistocene-Early Holocene in the region of west Turkmenia was colder than modern
climate. The mean annual temperatures were lower than modern ones by approximately 2-3°C. In
accordance with data obtained during the isotope studies of the Syr-Darya, Chusary and Illy artesian
basins in south Kazakhstan, in the period of 30-14 Kyr the climate of that arid region was cooler than
in modern times. Its worming occurred rather sharply about 14-12 Kyr and 12 Kyr ago the climate in
the region became close to modern (Fig. 1). This conclusion is in agreement with palaeohydrological
data obtained by other researches in the regions with arid climate [4].
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Fig. 1. Relationship between the corrected radiocarbon age and oxygen isotopic composition
for groundwater in the Syr-Darya artesian basin.

A study of groundwater formation in the Syrian Desert in Upper Cretaceous sediments done
by the authors and the data from a number of studies in the Middle East and the African continent
carried out by other authors [5, 6, 7] complete the general picture of replenishment of groundwater in
the considered arid region during the Pleistocene-Holocene transition time. Fig. 2 demonstrates the
results obtained from the Syrian Desert. Having analysed the data we found that 20 Kyr ago and
earlier the climate here was cooler than modern one by about 3°C. The period from 20 to 11 Kyr is
characterized by minimum of temperature when the annual average temperatures were lower than
modern ones by about 6°C. Climate wdrming and its transition to the modern arid phase started
approximately 11 Kyr and ended 9 Kyr BP. Summary of the above stated data are presented in Table
I.
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Fig. 2. Relationship between the corrected radiocarbon age and hydrogen isotopic
composition for groundwater in the Syrian Desert. The temperature variation over
time for the area studied using the temperature gradient «8D/dt = -5%o/°C is shown.
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TABLE I. Studied palaeowaters within humid zone of the Eurasian continent.

Sampling place

Karelia

Baltic coast

Central Russia

South Ural and West Siberia

West Turkmenia

South Turkmenia

South Kasakhstan

Syrian Desert

Location

62N, 33E

59N, 25E

55N, 36E

56N, 63E

45N, 63E

38N, 57E

45N, 63E

34N, 37E

5D, %o SMOW

-110

-172

-88 + -96

-140

-66 +-78

-87

-92 +-104

-63

5180,%o SMOW

-13.8

-21

-12.2+ -13

-18.1

-7.2 + -7.8

-11

-11.7 +-12.7

-9.2

14C age Kyr

5 + 6.5

8+15

12 + 25

8

12+ 13

12 + 14

22 + 30

11+20

BP At, °C

-4

-14

-1.5

-6

-3

-2.1

-3.7

-3 + -6

According to the data of some authors [5, 6, 7], in the interval from 12 to 20 Kyr BP, a period
of "intertropical aridity" was observed in the southern latitudes of both hemispheres, accompanied by
formation of sandy dunes and drying lakes. This climate phase corresponds to the Late Pleistocene
minimum of temperatures from 25 to 16 Kyr, when the humidity of the atmosphere was lower than in
modern times, the amount of ice in glaciers increased by about 40 million km3 and the ocean volume
was reduced by about 4%.

On the basis of the above data and also of the results of published isotope studies of
groundwater formation in a number of arid regions, it can be concluded that the coldest climate in the
past in the present day arid regions does not always accompany pluvial periods of high humidity. It is
obvious that the decisive role in the humidification or aridization of the climate was played by the
change in atmospheric circulation, which transports the moisture. During the last temperature
minimum the cooling by about 5-6°C of the ocean surface in an area from the North and South Poles
down to latitude of 40 degrees resulted in a sharp decrease in the evaporation rate by about 30-40%.
This resulted in a reduction in moisture transportation to the Eurasian and African continents owing to
the western circulation. Moisture prevailing in the Northern Hemisphere is transported to the south. In
this connection, climate aridization is observed in the countries where moisture arrives from the
Atlantic Ocean as a result of westward circulation. In the countries where the moisture regime is
governed by a southern direction of transport, such as in the Arabian Peninsula, pluvial times were
found.

3. INTERPRETATION OF THE CASPIAN SEA SEDIMENTS

Climatic record of lake sediments in arid regions gives useful information related to changes
both in aridity-humidity regime in the catchment area and water replenishment of the lake itself. Two
sediment cores of about 10 m long were taken from the southern and middle part of the Caspian Sea
during French-Russian cruise in 1994 (Fig. 3) [8]. Isotopic composition of oxygen and carbon of the
carbonates, radiocarbon age, lithology, salinity components, mineralogy, chemistry, granulometry,
polinology and microfauna of the cores were analysed. Modern data of the above parameters of
sediments and water are also available.
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Fig. 3. Coring sites of the Middle (GS19) and Southern GS04) Caspian Sea.

3.1. Sedimentation of Carbonates and their Isotope Record

Fig. 4 presents isotope record in the carbonate minerals. High resolution of the record is
guaranteed by continuous sampling every centimetre along both GS04 and GS19 cores. In order to
provide basis for interpretation of the measured data, the conditions of sedimentation of the
carbonates and their isotopic composition are under our consideration.

It is known that the index of the supersaturation of the Caspian Sea water by calcite is close to
3 [9]. This fact appears to be direct indication of supersaturation of water by Ca2+ and CO3

2 ' ions
leading to precipitation of chemogenic carbonates isotopically equilibrated with marine water.
Supersaturation of water by calcites may happen in principle because of two reasons. First, this is due
to concentration of salts in the surface water layer during evaporation. Secondly, the phenomenon
occurs as result of change of the ion force and pH in the mixing zone of the river and marine water.
Calculation of the ion force equilibrium made by our colleague G.Solomin who applied for this
purpose computer program MIF-4 has shown that the abrupt supersaturation of Volga River water
happens at its mixing with the marine water in proportion of 10:1 and at salinity about 1 %o.

The content of carbonate minerals in the Caspian bottom sediments of quaternary age is
varied from 10 to 70%. Those are mainly chemogenic and biogenic calcium carbonates. But many
researchers assume that, in addition to the pelagic carbonates, which are formed in the water masses at
isotopically equilibrium conditions, the bottom sediments contain terrigenic carbonate minerals
delivered by river runoff and wind from the land. It is obvious that this part of the carbonate
sediments is isotopically not equilibrated with the marine water.
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It follows from the theory of isotope thermometry that isotopic composition of oxygen of the
carbonate sediments is the function of two variables which are temperature of water, where the
carbonates precipitate, and isotopic composition of the water itself [10]. But palaeoclimatic studies of
the Pleistocene glaciations evidenced that isotope record in marine carbonates reflects mainly changes
in isotopic composition of water, which is enriched during glaciation due to accumulation of glaciers.
The temperature of water is appeared to be a minor factor in formation of isotope ratios of the
carbonate minerals [11].

Dependence of isotopic composition of chemogenic and organogenic carbonates mainly on
isotope ratio of water, but not of the water temperature, is a characteristic feature of the Caspian Sea
sediments. It is assumed that the isotopic composition of the seawater varied in the past. During
transgressions the basin was recharged by 'light' river water of the melted glaciers. Through the
regression episodes the marine water was enriched by heavy isotopes due to prevailing evaporation
process in the water balance of the basin.

The carbon isotopes of the carbonate minerals are at the same picture. Such components as
H2CO3, HCO3 and CO3

2" of the carbonate system should be enriched by 13C in comparison with the
dissolved in marine water carbonates.

The effect of changes in isotopic composition of water during glacial and interglacial
episodes creates the basis for interpretation of palaeoclimatic events using chemogenic and
organogenic carbonates in continental reservoirs. The roots of the effect are in variation in time and
space of isotopic composition of atmospheric precipitation, which is the only source of water of the
continental reservoirs and catchment basins of river systems. The variations of deuterium and oxygen-
18 contents during climate change are analogous to the latitudinal effect and can be described by
equations [12]

A82H / At = (5.1 ± 0.9) W C ,

A518O / At = (0.62 ± 0.1) %o/°C.

So, in the cold climatic periods the Caspian Sea was recharged by 'light' precipitation water
and river runoff. But, because of the residence time of water in the Caspian Sea was not less that some
hundred years, then the sea water has to be enriched due to kinetic fractionation of oxygen and
hydrogen isotopes at evaporation and isotope exchange with atmospheric water vapour. The authors'
results of water exchange study of Lakes Sevan in Armenia and Issyk Kul in Kyrghiz Republic prove
the above statement [13].

The fact, that isotope enrichment of the Caspian Sea water by heavy isotopes through the
exchange with atmospheric water vapour in the past took place, is also documented in our data of
isotopic composition of hydrogen of pore water taken from core GS20 (Fig. 3). The samples were
taken from the core, which was studied by our French colleagues. Fig. 5 shows the results, which
demonstrate that during the studied time interval isotopic composition of hydrogen varied within -10
to -25 %o and never approached the present -90 %o value of Volga River water.

Thus, the conclusion is made that isotopic composition of the chemogenic carbonate minerals
was formed in the zones of mixing of marine and river water and the river water plays the dominating
role. The precipitated finely dispersed carbonate sediments was carried out by currents within the
central and southern basins, The main part of such sediments was accumulated in the zones of slow
water movement. Isotope record of the carbonate particles has to be kept safe because of isotope
exchange in heterogenic system like solid sediment-water at the temperature below 400 К is
inconvenient and the rate of the isotope exchange reaction by diffusion kinetics has a very low
probability. In the case of sudden drop of river runoff, what is characteristic for the south-east
Caspian Sea, dependence of isotopic composition of the chemogenic carbonate minerals from
temperature of the marine water should appear.
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Fig. 5. Deuterium contents in pore water of GS20 (central basin) core sediments.

As it was mentioned above, terrigenic fraction in addition to the pelagic carbonates is
presented in the sediments. This nonequilibrated with the marine water component distorts the
palaeoclimatic record. Unfortunately, there is no reliable method for separation of the two
components. But our French colleagues try to do this [14]. The studies show that the biogenic fraction
in the form of microfauna and microflora, which was a priori in the equilibrium state with the marine
water, presents in the studied cores in negligible amount not enough for the conventional mass-
spectrometric measurement of oxygen and carbon isotopes. That is why in our work isotope
palaeoclimatic interpretation is based on the study of bulk carbonate sediments.

In order to assess the degree of isotope equilibrium of carbonates in the measured samples,
818O and 513C in Cardium edule and Didacna trigonoides mollusc shells, in the adjacent sediment
carbonates and in water was measured. The samples were taken in the southeast part of the sea near
Ogurchinsky Island at 13-m depth of water. The measured shells, sediments and water were sampled
from the upper 0-5 cm layer of the sediments. The other place of sampling for the same measurements
was the dried lagoon in the southeast of Iranian shore. Both results are presented in Table II.

Calculation of temperature of the calcite formation near Ogurchinsky Island using Urey-
Epstein equation gives the following results: the temperature of the shell growing is 20°C and the
temperature of the carbonate precipitation was 24°C. Such values of temperature provide conditions
for oxygen isotope equilibrium between the water and sediments. At the moment of sampling
(17.08.94) the surface and bottom temperature of water was about the same and equalled to 28CC
(pH=8.3, concentration of [HCO3"]=0.254 g/1, [Ca2+]=0.343 g/1, S=13.2%o). The above data show that
water was supersaturated with calcite by 1.5-2.0 times. The results demonstrate that in summer
temperature hemogenic carbonates were in equilibrium with water. This was because precipitation of
calcium carbonates was developed most intensive during active evaporation of water when the degree
of its oversaturation was risen. The equilibrium temperature of creation of calcium carbonates of the
shell was somewhat lower by 4.6°C in comparison with the hemogenic ones. Explanation of this is
that growing of shells appears in more wide range of temperature variation. Carbon isotopes give
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Table II. Oxygen and carbon isotopes in shells, bulk carbonates and water.

Sampling place

Ogurchinsky Island

Southeast lagoon

Sample

Shells

Carbonates

Water (SMOW)

Shells

Carbonates

Water (SMOW)

518O (PDB)

-2.25

-3.27

-1.32

-2,1

-3.8

-1.5

513C (PDB)

+0.98

+1.45

-

+1.05

-1.0

-

reverse picture. The shells are enriched by 0.5 %o in comparison with the hemogenic carbonates. The
cause of this is not clear. Metabolic effect is one of the possible explanations of the observation. It is
known that carbon of the body of living molluscs is depleted in 13C on 15-20 %o relative to that of the
carbonate components of water [13]. Enrichment of the carbonate sediments in 13C in comparison
with the shells was observed by Stuiver and Suss [15].

The values of 818O close to equilibrium at 26-28 °C are characteristic for the top 0-5 cm
sediment layer from the southern basin of the sea where 518O= -3.4 %o for the carbonates and
51 0=1.72%o for the water. It means that modern climatological and hydrological conditions provide
equilibrium state between marine water and formation of pelagic sediments in the southern Caspian
Sea. Modern carbonate sediments from GS19 core demonstrate reverse picture: mean value of oxygen
in carbonates is -4.7%o, but at the measured temperature 24.6°C of water and its 5180=-1.89%o the
equilibrium value of oxygen should be -3.9%o. The only explanation on the observed difference is the
presence of an impurity fraction in the sediments. It is assumed that the depleted in oxygen and
carbon fraction of calcites was formed in Volga River waters where mean oxygen isotope value is
varied between -8 and -12%o. If one accepts mean oxygen value for the river carbonates equals to
-10%o then the river calcite in the upper part of the core GS19 is amounted by about 15-16%o. The
assumption of direct terrigenic origin of the impurity fraction has low probability because of
carbonate rocks of marine genesis of the surrounded mountains have values of 818O and 813C close to
0. Discharge of carbonate material by rivers to the central Caspian Sea is fixed in modern bottom
sediments by carbon isotopes which are depleted by 1.5 %o in comparison with the southern Caspian
sediments (See Fig. 4). It worth to note that a number of authors applied carbonate minerals in bottom
sediments of the continental lakes for palaeoclimatic reconstruction [16, 17].

The following practical conclusions can be made from this paragraph:

(a) Isotopic composition of oxygen and carbon of calcites in the sediments is governed by
isotopic composition of water where the calcite precipitates;

(b) Periodic regressions and transgressions should considerably change isotopic composition
of the Caspian Sea water due to variation of amount of the 'light' runoff water;

(c) Oxygen isotopes of the modern South-Caspian carbonate minerals keep equilibrium with
the marine water, whereas some depletion of carbonate sediments in heavy isotopes in
comparison with the equilibrium state for the central basin is observed;

(d) The above phenomenon is explained by recharge of depleted in 18O carbonate minerals to
the central basin where they precipitate in the mixing zone.
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We can state now that the phase of the sea transgression is identified by the effect of depletion
of the oxygen and carbon isotopes in comparison with those enriched during regression phase when
equilibrium state with marine water and water vapour dominated.

3.2. Radiocarbon dating

The standard procedures were used for radiocarbon dating of the bulk carbon minerals. It was
understood that, because of the presence of small terrigenic fraction in the measured bulk sediments,
the calculated ages contain some error. There is no way to separate this fraction or to make direct
correction of the results. In order to estimate amount of the detritus component our French colleagues
applied X-ray analysis. It seems there is relationship between the sedimentation rate and contents of
the terrigenic component. But in our case, for interpretation of the main palaeoclimatic events in the
Caspian Sea basin, the first approximation of the sediment dating was applicable.

Table III presents results of the radiocarbon dating of GS04 and GS19 cores. The
measurements were done by R.Petronius in Lithuanian Institute of Geology (Vilnius) and by
M.Groening in the IAEA Isotope Hydrology Laboratory. The corrected French data are also presented
in Table Ш.

Table I I I . Results of radiocarbon dating of GS04 and GS19 core sediments.

Core Depth of sample (cm) I4C activity [pmC]* 14C age [yr]

GS04

10
15
80

225
230
295
400
500
700

46.07
32.4

32.19
11.18
10.5
7.14
6.2
6.5
5.9

6230±370 **
9053±540***
9100±803**
17600±700**

18104±540***
21200+1130**

22334+1100***
21957±1050***
22735±680***

GS19

70
245
280
395
410
470
600
710
750

46.2
36.23
39.8

33.18
33.6

30.27
24.5
5.5
6.2

6100±140**
8160±330**
7400±590***
8860+140**
8761±260***
9600±280**

11298±560***
23905±890***
22337±670***

GS05

10
45
60
65
75
85
95
100
105
110
115
120

4190±100****
7980±100****
8720±120****
9290±100****
9670±160****
9920±160****
10090+220****
10330+380****
10600±1360****
11190+1310****
11600±730****
12180+690****

* Percent of modern 14C activity. The ages of GS04 and GS19 core samples not corrected for detritus
fraction;
** Done in the Lithuanian Institute of Geology, Vilnius;
*** Done in the IAEA Lab, Vienna;
**** Done in Paris University. The ages corrected relative detritus fraction [14].
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3.3. Contents of carbonate minerals

Carbonates are the main component of the bottom sediments, which is the subject of the
stable and radioactive isotope measurement and interpretation. The content of carbonate minerals in
the Caspian Sea bottom sediments of quaternary age is varied from 10 to 70%. Those are mainly
chemogenic and biogenic calcium carbonate minerals. But many researchers assume that, in addition
to pelagic carbonate, which are formed in isotopically equilibrium with water masses conditions, the
bottom sediments contain terrigenic carbonate component, delivered by river runoff and wind from
the land. It is assumed that the isotopes of this part of the carbonate sediments are not in equilibrium
state with the marine water.

The procedure of determination of the carbonate mineral content in the core sediments was
made in this way. Sediment samples of about 1-3 g in weight were taken each 50 cm along the core.
The samples were treated by hydrochloric acid for dissolution of the carbonate fraction. After that the
content of calcium and magnesium was determined by the titration method. The results of bulk
carbonate measurement in GS04 and GS19 cores are shown in Table IV and on Fig. 4.

Table IV. Contents of calcium and magnesium carbonates in two core sediments.

Depth of sample
(cm)

0

50

100

ISO

200

250

300

350

400

450

500

550

600

650

700

750

780

Core GS04
CaCOj MgCO3

54.0

45.4

62.9

53.0

21.4

20.4

20.1

17.9

17.6

20.4

24.3

17.6

19.5

22.4

17.9

18.8

19.8

7.98

5.65

3.50

4.84

4.30

4.84

4.04

4.04

3.77

3.5

4.84

3.50

2.96

4.03

4.03

4.30

4.84

Depth of sample
(cm)

20

95

100

105

150

200

250

300

350

400

450

500

540

550

600

640

650

700

750

780

820

840

890

915

935

CoreGS19
CaCOj MgCO3

9.5

14.05

11.8

13.4

12.8

14.7

12.8

19.2

22.4

24.9

14.4

16.9

26.8

27.8

29.4

27.2

28.8

11.2

11.2

11.5

12.1

12.5

13.1

13.1

17.3

3.77

3.50

4.84

4.04

4.57

4.04

3.23

4.30

3.77

2.42

3.50

4.04

3.50

4.3

4.3

5.92

5.11

2.7

3.5

3.23

4.57

3.5

2.7

3.77

3.5
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3.4. lsotopic Composition of Caspian Rivers

On the basis of the isotope and salinity data the conclusion follows that the analysed
sediments cover a time interval longer than that, which was 20-16 Kyr and is named cold Upper
Khvalinian. In accordance with vast literature the mean annual temperature at that time was by 6°C
lower of modern in the Northern Hemisphere.

It is well known that isotopic composition of atmospheric precipitation and recharged surface
and groundwaters is a function of the local mean annual temperature. Isotopic composition of the
carbonate system of groundwater and carbonate sediments is also in first approximation a function of
the mean annual temperature. The 513C values of the lake and river carbonates are increased for the
warmer climate areas and vice versa. It seems to be connected with the rate of isotope exchange of the
dissolved inorganic carbon with the atmospheric carbon dioxide, which is varied in a narrow limit
between -7 and -8%o PDB. The mean values of oxygen and carbon isotopes in river waters of the
Caspian basin are presented in Table V. Those data are the summary of the authors' study of the
discussed arid region.

From Table V one can see that isotopic composition of the southern rivers, especially of Pra-
Amu Darya, it was the main source of the runoff to the Caspian Sea during the Valday period of
minimum temperature, practically identical to the modern isotopic composition of Volga River water.
It is also seen from Fig. 4 that isotopic composition of oxygen of calcium carbonates of the middle
and southern basins within the depth of 630-787 cm (cold climatic epoch) and 20-200 cm (modern
climatic epoch for the middle basin core) is identical. At that time the main source of the sea
replenishment was southern rivers. Volga River's runoff is marked on the oxygen curve starting from
the depth about 640 cm and upwards. The recharging waters practically do not affect on the isotopic
and chemical composition of the southern basin waters. The oxygen and carbon isotope record of the
carbonate sediments fixes this process.

Table 5. Oxygen and carbon isotope data of river water of the Caspian basin.

Modern epoch Cold Pleistocene epoch
Rivers _____=___=__________ = m = — = ^ = = = ______ = = = __ = = _ = ^_ = = _

5D,%o 8180,%o 513C,%o 8D,%o 518O, %o 813C, %>

Volga -94.0 -13.0 -9.2 -124.0 -16.7 -14.0

Amu Darya -78.0 -10.0 -6.2

Pra-Amu Darya -90.0 -13.4 -8.0

Caucasus rivers -88.0 -11.8 -8.0 -119.0 -15.5 -12.0

4. INTERPRETATION OF PALAEOCLIMATIC EVENTS

It follows from Table I that the age of the sediments of GS04 and GS19 cores, taken in the
southern and central part of the Caspian Sea, is covered by radiocarbon time interval of 24 Kyr. The
main palaeoclimatic events and consequences within that period of time can be read on the basis of
interpretation of the collected data.
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4.1. Variation in sedimentation rate

Fig. 6 demonstrates the data of Table 3 of radiocarbon ages of GS04 and GS19 core
sediments as function of their depth. The ratio of value of the depth interval of the sediments Ah to the
time interval At is the rate of sedimentation. So, Fig. 6 presents the plot of sedimentation rate v=Ah/At
in the coring points of the southern and central basins of the Caspian Sea. One can observe from the
graphs a reverse character of sedimentation rate in the two basins. Increase of the rate value for one
basin is accompanied by decrease of the rate for another one. Within the time interval from 24 to 11
Kyr the mean value of sedimentation rate for the central basin was low and accounted by value of
0.12 mm/yr, whereas for the period from 11 to 6 Kyr that value increased up to 1.2 mm/yr. On the
contrary, for the southern basin within the period of 23 to 17.8 Kyr mean value of sedimentation rate
was 0.9 mm/yr, but for the time interval from 17.6 to 6 Kyr it dropped up to 0.19 mm/yr. Taking into
account that volume of the river runoff is a function of the volume of sediments, then we can assume
that the observed picture of sedimentation rates in the two basins is the consequence of changes of
direction of the river runoff and of separation of the Caspian Sea into two basins in the past.
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Fig. 6. Changes in sedimentation rate within period of 24 Kyr for GS04 and GS19 core sediments.

4.2. Periodic changes in direction of river runoff

In addition to the above discussed in 4.1, there are a number of facts, which proves the
assumption that the main direction of the river runoff to the sea was reversed in the past. The data of
salinity variation presented on Fig. 4 show that salinity of sediments within the depth interval of 5.4 to
1.5 m of core GS04 from the south basin was dropped in comparison with the central basin. This
interval of sediments was formed since 22.5 to 17 Kyr. The river recharge of fresh water to the
southern basin was possible occurred only due to runoff from the southern part of the catchment. In
the mean time the depth interval of 7.5 to 2 m of core GS19 from the central basin shows higher
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salinity. Evidently that evaporation here prevails over the recharge to the basin. The corresponding
period of time to that interval was 22.5 to 12 Kyr. A possible source of water discharge to the central
basin at that time could be eastern part of the catchment area and overflow through the Apsheron Sill.

The salinity peak in the core of the central basin is fixed two times. First, it locates at the
depth about 5.5 m and corresponds to salinity of 12-15%o and to the age of 12-12.5 Kyr. In GS04 core
of the southern basin salinity starts to rise from the depth of 5.4 m and riches its maximum value on
the depth of 1.5 m at the age of 12 Kyr. But salinity here is accounted only by 6.5-8%o. This fact
evidences about water discharge from the southern slope of the catchment area.

The second peak of higher salinity is fixed 5-6 Kyr on the core depth of 0.5 m for the southern
basin and 6-6.5 Kyr on the depth of 1.5 m for the central one. The corresponding correlation between
salinity and oxygen and carbon isotopes is observed.

The curves of oxygen and carbon isotopes of the carbonate minerals also prove the idea of the
southern basin recharge from the southern slope at that period of time. The sediments here are
characterised by the most negative values of 518O and 513C. It worth to note that isotopic composition
of river water at that time was the same as the modern Volga River water. This fact evidenced about
shift of the humid European zone to the Central-Asian and Iranian-Caucasian region of the Caspian
Sea catchment basin.

4.3. Periodic separation of the Caspian Sea

One more fact of periodic recharge of the Caspian Sea from the southern direction and
separation of the sea into two lakes is the discovered riverbed in the Apsheron Sill. Fig. 7 presents a
modern topography of the bottom in isobathes and three latitudinal sections of the sill. It is seen here
that the sill has heave (-180 m) river channel washed by a water flow. The flow was reversal but
because of the mouth is located on the central basin side, its main direction seems to be from the south
to the north. The western slope of the upper (-80 m) more ancient part of the bed is steep due to
action of the Coriolis' force and the eastern terrace is flat. Below 80 m the flow turned to the
northeast, seems, because of more soft for washing sediments. A number of river terraces are
observed along the bed slope.

One can assume that sometime in the beginning there were two lakes completely isolated by
the Apsheron Sill. Because of the sea level rise and drop the sill was washed up to observed bottom.
Complete separation or restricted hydraulic connection of the two basins is valid for each climatic
cycle in the basin.

4.4. Variation of sea level

On the basis of the obtain data it is possible to determine a number of fixed positions of the
sea water levels. It follows from the data of major ions of the pore water and taking into account
density corrections, the lower salinity of the Caspian water was about 5-7%o. It was happened 22.5
Kyr ago and is fixed on the depth of 5.4 m and 7.5 m in the southern and central cores accordingly.
This salinity is by 2-2.5-time lower of the modern one. The volume of water in the basin obviously
should be estimated by figure of 200 000 km3. Elementary calculation shows that the sea level at that
time should be on 70 m higher of the modern one. It seems that the Caspian and Black Seas were in
hydraulic connection through the Kuma-Manych watershed.

Positions of the main terraces of the riverbed in the Apsheron Sill are also reliable indication
of the sea level. The main terrace is located on 80 m below the modern sea level. About 100 m, 150 m
and bottom 180 m was the three more positions.
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Fig. 7. Topography in isobathes and three latitudinal profiles along the Apsheron Sill.

5. CONCLUSION

Replenishment of groundwater and lakes during climate changes is the main source of water
resources in arid regions. This statement is valid not only for glacial-interglacial epochs but also for
current 'small' climatic variations. Recent vast drought in the Sahel region is a good example of such a
'small' climatic change. Prediction of short periodic climate changes based on interpretation of isotope
and chemistry records in lake sediments and fossil groundwaters is an important goal of the arid zone
hydrology.
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