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PREFACE 

 
Dear colleagues, 

 

Welcome to the International Conference çThe Caspian Region: Environmental consequences of the 

climate changeè.  

The purpose of the Conference is to bring together researchers from different countries with experience 

in the Caspian area for exchange of data, results and ideas on environmental consequences of the climate 

change in the Caspian region to ensure further progress in Caspian Science. The Conference will work in a 

multidisciplinary way across the various fields and perspectives (climatology, hydrology, marine geology, 

geomorphology, palaeogeography, geochemistry, biology, etc.) through which we can address the funda-

mental and related questions of sustainability in the Caspian region. The Conference summarizes the results 

of multidisciplinary collaboration of scientists from different countries in the Caspian region during the last 

20 years. 

Subject matter of the conference has given rise to special scientific interest. Scientists from all the Cas-

pian countries (Russia, Iran, Kazakhstan, Turkmenia, Azerbaijan) and also from Great Britain, Canada, 

United States, the Netherlands and Ukraine have wished to take part in the Conference. 

Contributed papers illustrate multiplicity of the Conference subject. According to their subject matter 

they are combined into six sessions. The first session is devoted to the palaeoclimatic and palaeoenviron-

mental changes in the Caspian Sea region during the last 10 ky as the basic for the understanding the Cas-

pian Sea and environment evolution under the non-uniformly scaled climatic changes and forecast of their 

development. 

The second session is joined the papers on evolution of the coastal zone under the climatic and sea level 

changes. Complete cycle of the Caspian Sea level oscillations in the XX
th
 century has reached up to 3 m 

and is believed by researchers as the natural laboratory for investigations of the short-term sea level fluc-

tuations and their consequences in the coastal zone: development of the coastal relief, changes of the coast-

al landscapes, their geochemical evolution and evolution of the coastal biodiversity. 

Evolution of the Caspian Sea deltas under the climate and sea level changes is discussed in the third ses-

sion. The state and development of the mouths of rivers are the main problem of that region. The Volga 

delta is of the greatest important for the Russian coastal zone of the Caspian Sea. It is the unique natural 

system of vital ecological and economic importance. 

Papers, devoted to current condition of the Caspian Sea, combined into the forth session. Hydrometeo-

rological changes in this region influence on the functioning of the marine ecosystem. Reconstruction of 

the thermohaline water structure, geochemical evolution and evolution of marine biodiversity take place. 

Environmental problems of the Caspian Sea region and ecological management are discussed in the 

fifth session. Last years ecological and geochemical condition of environment in oil and gas-producing re-

gions owing to borehole exploring, extraction and transportation of hydrocarbon raw material in the Cas-

pian coastal and shelf zone puts in the forefront.  

And the last, sixth, session covers the forecasts of climate change and the response of the Caspian Sea 

environment on them. 

The Conference is sponsored by Faculty of Geography of Moscow State University and Russian Foun-

dation for Basic Research (project N 10-05-06070).   

The Organizing Committee thanks all the participants and wishes the Conference going on well. 

 

Organizing Committee 



Plenary session 
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PLENARY SESSION 
 

 

CONNECTION OF THE CA SPIAN SEA LEVEL LARG E 

FLUCTUATIONS WITH FL UCTUATIONS OF GLOBAL  CLIMATE  

DURING LATE PLEISTOC ENE AND HOLOCENE  
 

A. K ISLOV  

Department of Meteorology and Climatology, Faculty of Geography, 

M.V. Lomonosov Moscow State University, Leninskiye Gory, Moscow 119992, Russia 

avkislov@mail.ru 

 
Keywords: climate, Caspian Sea, climate change, climate modeling, paleoclimate 

 

INTRODUCTION  
During the last late-Pleistocene and post-glacial epochs, the Caspian Sea fluctuated between regressive 

and transgressive stages. Sometimes, the Caspian Sea overflowed to the Black Sea through the Manych 

Strait (Chepalyga, 2006). The origin of sea level changes can be considered from the point of response of 

regional-scale water budget to planetary climate changes. All of its inflow and outflow components are 

functions of climate regime. It allows estimate them based on data of climate modeling.  

 

GLOBAL CLIMATE CHANG ES DURING THE QUATER NARY 
Typical spectral density of different core records (both ice and deep-sea) demonstrates that much of the 

energy at low frequencies corresponds to periods around 100 kyr. At high frequencies the spectral density 

shape displays a red-noise continuum. It is superimposed some weak spectral peaks belonging to the Mi-

lankovitch periodicities (Berger, 1978). On the average, the obliquity band (41-kyr period) accounts for less 

than 11%, and the precessional band (~ 20-kyr period) accounts for less than 1% of total variance (Wunsch, 

2003).  

However, not very often, the climatic response to variations in insolation can be distinguished from 

noise. It occurs when large obliquity corresponds to a period when the date of perihelion takes place during 

the Northern hemisphere summer. Transition from the cold late Pleistocene to the warm Holocene was pro-

vided by such effect. This transition was not gradual; the process was complicated by short-term events 

(e.g., the Allerßd (AL)-Younger Dryas (YD) cycle).  

 

DESCRIPTION OF MODEL ING RESULTS 
History of sea level variations influenced by climate conditions was studied based on climate modeling 

results. A modeling initiative, the Palaeoclimate Modeling Intercomparison Project ï PMIP1 (Joussaume, 

1999) has focused on two slices of the past: the mid-Holocene (6 kyr calendar years Before Present or ~5.3 

kyr radiocarbon years BP) and the last cold period of the Late Quaternary (21 kyr calendar years BP or ~18 

kyr radiocarbon years BP) because climatic conditions were remarkably different at those times and there is 

much of data describing their environmental properties. Apart from both the AL (~14,5 kyr calendar years 

BP) and the YD (~12 kyr calendar years BP) were studied as examples of short-scale variability. Designa-

tions of the PMIP models are presented in Kislov and Toropov (2006). Table 1 specifies all model boun-

dary conditions and parameters. Orbital parameters determine insolation anomalies. In the mid-Holocene, 

at 6 kyr BP, they were +5% in summer and -5% in winter, but at 21 kyr BP they are practically near the 

zero (Berger, 1978). 

mailto:avkislov@mail.ru
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CLOSED-BASIN SEA WATER-BUDGET MODEL  
The Caspian Sea is fed by rivers. The greatest contribution (more than 80% of the mean total volume of 

the runoff) is produced by the Volga River. Other principal component of the annual water budget is the 

evaporation over the sea surface. Precipitation over the sea area is less than 20% of evaporation. 

 

 

Table 1 

PMIP boundary conditions and parameters 

 

Boundary conditions and 

parameters 

Control experiment (cur-

rent climate) 

6 kyr BP 21 kyr BP 

SST and sea ice modern Modern Calculated or prescribed 

by CLIMAP 

Continental ice sheets modern Modern Prescribed (Peltier, 1994) 

Vegetation and land-

surface characteristics 

modern Modern Modern (besides areas 

covered by ice) 

Aerosol optical depth modern Modern modern 

Solar constant 1365 Wm-2 1365 Wm-2 1365 Wm-2 

Orbital parameters (Ecc 

is eccentricity, Ů is obliq-

uity, ɚ is position of the 

equinoxes) 

Ecc=0.016724 

Ů=23.446 Á 

ɚ=102.04 Á 

Ecc=0.018682 

Ů=24.105 Á 

ɚ=0.87 Á 

Ecc=0.018994 

Ů=22.949 Á 

ɚ=114.42 Á 

ʉʆ2 280 ppm 280 ppm 200 ppm 

 

 

Changes in sea surface area (f) are calculated at each climatic time-slice experiment basing on assump-

tion that the closed sea is in hydrologic equilibrium with climate conditions. This is a reasonable assump-

tion when considering the impact of gradual climatic change on a sea with a short hydrologic response time 

compared to the typical time of change of external forces. The steady-state equation of the annual budget of 

water for a closed-basin sea has the form Kislov and Toropov (2008): 

ef YF= . 

Where e E P= - , where P is on-sea precipitation (m/year) and E is the evaporation (m/year) per unit 

lake area, Y is the runoff m/year per unit area basin area, F the drainage basin area. Equation (1) assumes 

that the net groundwater flux into or out of the sea was probably minimal.  

Variation of the lake area relative to the present status (denoted by index ó0ô) may be expressed in the 

form 

0 0 0 0

f Y F e

f Y F e

D D D D
= + -  . 

It allows evaluating the contribution of different factors to change of the level (h) using information 

about lake size, bathymetry and the surrounding topography as 

 

( ) ( ) ( )
Y F e

h h h h .D = D + D + D 

The term F( h )D  is responsible for changes of the sea basinôs configurations. Level change Y e( h ) ( h )D + D  

due to both runoff change and change of e is calculated based on data of numerical simulations of climate 

models. Note that the value e( h )D  over the Caspian Sea was estimated (based on simplified regional climate 

modeling (Kislov and Sourkova, 1998)) as a small value compare to the first term in equation (3). Modern 

observation data demonstrate that contribution of the Y and e changes to the dispersion of the sea level 

fluctuations is 0.026 and 0.007 (m/year)2, consequently (Golitsin et al, 1998). Hence, significant changes 

of the sea are influenced by the river runoff changes Y( h )D .  
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SIMUL ATION OF RIVER RUNOF F AND SEA LEVEL CHAN GES DURING THE MID -

HOLOCENE, LAST GLACI AL MAXIMUM, COLD YD AND WARM AL EVENTS  
 

In the simulations for 6 kyr BP the change of runoff of rivers (characterizing as ( )0 0Y Y Y- ) belonging to 

the Caspian Sea were 5%. It less than their observational interannual variability. Therefore there was no 

large change of the sea surface and sea level. At 21 kyr BP the total river runoff to the Caspian Sea is sub-

stantially decreased (-50%) compared to today. It means a substantial dropping of level (~50 m).  

At 12ï14 kyr BP, insolation anomalies were +10% in summer and -10% in winter (compare to modern 

level). The sea surface temperature was lower over the North Atlantic Ocean than today during the YD but 

during the AL there were no large differences. This information was taken into account under the climate 

simulations. During the AL annual river runoff volume belonging to the Caspian Sea is slightly increased 

(6%) and during the YD it is decreased (12%) compared to today.  

 

DISCUSSION 
The important question is whether the result belonging to the one snapshot (21 kyr BP) can be extrapo-

lated to others similar periods? This idea probably proves to be true when observed sea-level curves denot-

ing time-behavior of the Black Sea and the Caspian Sea are compared to the curve depicting the global cli-

mate changes (Fig.1). Taking into account uncertainties of the reconstructed data, it is possible to conclude that 

at least several regression stages occurred simultaneously with Late Quaternary glacial planetary periods. 

 

 

Fig.1. Global climate change (marine isotope data, Shackleton et al, 1990) and the Caspian Sea level variations after Svitoch 
(2003). Arrows mark synchronous extremes of global cold events and regression stages. 

 

As far as the transgression stages are concerned, the simulation of their onset and duration remains as 

more difficult problem because there is no clear understanding about a source of ñadditionalò volume of 

water capable to increase a Caspian Sea level on a mark permitting an overflowing from the Caspian Sea to 

the Black Sea. There are several speculations lying beyond the paradigm of the climate modeling, but there 

are no reliable facts or evidence to back these hypotheses (Kislov and Toropov, 2006).  

 

CONCLUSIONS 
Based on results of climate simulation it was demonstrated that in response to glacial conditions of the 

last glacial maximum, lowering levels of the Caspian Sea (Atelskya regression stage) are simulated simul-

taneously. Hence, these level change reflect planetary scale climate forces. 

Analysis of observational data makes possible the conclusion that several last regression stages occurred 

simultaneously with glacial planetary periods. This lends credit to the idea of the connection between deep 
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regression states of the Caspian Sea and mature stages of Late Quaternary glacial/cooling/drying planetary 

periods. The origin of the strong Caspian transgression stages is not clear because there is no understanding 

about a source of ñadditionalò volume of water capable to increase a Caspian Sea level on a mark permit-

ting an overflowing from the Caspian Sea to the Black Sea.  
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INTRODUCTION  
The Caspian Sea has known many small and large scale changes of its water level which have in the re-

cent times had a dramatic impact on socio-economical activities around it (Kazancē et al., 2004; Leroy et 

al., 2010). To reconstruct past sea level changes in the Caspian Sea (CS) and the past climate of the region, 

the traditional approach so far has been to look at outcrops, to analyse their sediment and micro/macrofossil 

contents and to obtain radiocarbon dates on bivalve shells. Low stands are not recorded with this method 

otherwise than by a hiatus. The CS level variability is dominated by the variability of precipitation over the 

Volga River basin. The precipitation during summer plays a dominant role and can explain the two major 

events that happened in the 1930s (drop) and after 1977 (rise) (Arpe and Leroy, 2007). At a longer time-

scale it is not impossible that other drivers of the water level played a role such as anthropogenic and tec-

tonic ones. 
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Recently marine cores have been obtained in the shallow and more rarely in the deeper central and 

southern basins of the Caspian Sea. Their multidisciplinary analyses covering both low and high stands 

holds the key to understanding when sea level changes occurred, which is a step before understanding why 

they occur. 

 

PROXIES 
Besides pollen and non-pollen palynomorphs (Mudie et al., in press), a new proxy is being developed in 

the Caspian region, which is dinocysts. These small prokaryote organisms are often endemic to the Caspian 

region and it is only recently that their taxonomy has been firmly established (Marret et al., 2004) allowing 

now different scientists to use the same names and compare their data. Various forms, species and genera 

are related to different environments such as water salinity, water temperature, nutrient content (Mertens et 

al., 2009). 

 

SURFACE SAMPLES 
Surface samples are essential to interpret past changes, as they are a stepping stone to link microfossil 

assemblages to known environmental and climatic conditions (analogues). A collection of surface samples 

form useful training sets and allow using pollen/dinocyst-based palaeoclimatic reconstructions such as 

transfer functions. So far for pollen, some spectra have been published in Kazancē et al. (2004) for the la-

goon of Anzali in N. Iran and in Djamali et al. (2009) in the Golestan National Park in NE Iran. These, 

along side unpublished data, show the very open character of the landscape around the CS: steppe (domi-

nant Artemisia pollen) and desert (dominant Chenopodiaceae pollen) and the forested area on the south 

and southwest. These forests still contain some elements that have survived from the Tertiary and which 

have disappeared from Europe, such as Parrotia persica and Gleditsia caspica. For the dinoflagellate 

cysts, some modern assemblages have been published from core tops (Marret et al., 2004) across the south 

and central basins and from grab samples in the lagoon of Anzali (Kazancē et al., 2004). Typical modern 

samples are dominated by Impagidinium caspienense and correspond to a brackish salinity of 12-13. 

 

DATING  
Radiocarbon dating is the best tool to date the sea-level changes of the Caspian Sea over the last 40,000 

years. However no detailed studies have been made so far of its marine reservoir effect. This is well known 

to skew radiocarbon dating due to old carbon present in the water and being incorporated in living organ-

isms as they grow (Ascough et al., 2005). The magnitude of this effect is not the same in all locations (and 

at all times). For the world ocean a reservoir correction of 400 years is generally accepted. Some experi-

ments made in Israel have however shown that a reservoir effect of up to 2000 years may happen. In the 

case of volcanic fumaroles, a reservoir effect of up to 1500 years has been noted due to the release of old 

C02 (www.c14dating.com/corr.html). 

Preliminary work on radiocarbon in the Caspian Sea has shown that many different sources of old car-

bon exist, as well as other negative influences on the quality of radiocarbon ages: old carbon in the water, 

effect of various types of methane seepages, activity of surface waters (108-117 pMC) and detrital carbo-

nates and/or detrital organic matter (Escudi® et al., 1998; Leroy et al., 2007). Various reservoir effects have 

been used to correct radiocarbon dates in the literature. They range from 290 to 440 yr (383 yr in Leroy et 

al., 2007; 290 yr in Kroonenberg et al., 2007; and 390-440 yr in Kuzmin et al., 2007). This poor precision 

needs to be resolved. The best material to date would be remains of terrestrial plants, which are however 

quite rare in marine cores. 

For the more recent times, i.e. the last 150 years, the radionucleide method is the best, either 
210

Pb alone 

or in combination with 
137

Cs. 

 

THE LAST FEW CENTURI ES 
Palynological analyses (pollen and dinocysts) of a sediment core taken in the Kara-Bogaz Gol (KBG) in 

the frame of an INCO-COPERNICUS project have been used to reconstruct rapid environmental changes 

over the last two centuries (chronology based on 210Pb) (Leroy et al., 2006). A natural cyclicity (65 years) 

of water level changes in the CS (Kroonenberg et al., 2000) and in the KBG (Giralt et al., 2003) and anth-
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ropogenic factors (building of a dam separating the CS and the KBG waters) combine to induce rapid 

changes in water levels of the KBG, in the salinity of its waters and in vegetation cover of its surroundings. 

The impact of low water levels on the dinocysts is marked by a lower diversity and the survival of two spe-

cies that are typical of the KBG, the CS species present in the KBG having disappeared. During periods of 

higher water levels (AD 1871ï1878), the lake is surrounded by a steppe-like vegetation dominated by Ar-
temisia; whereas during periods of low water levels (AD 1878ï1913 and AD 1955ï1998), the emerged 

shore are colonised by Chenopodiaceae. The period of AD 1913ï1955 corresponding to decreasing water 

levels has an extremely low pollen concentration and a maximum of reworking of arboreal taxa. 

Two short marine cores (c. 150 cm) have been taken off shore the coast of Iran (off Anzali in the west 

and off Babolsar in the centre) at water depths of 250 m (H. Lahijani, pers. comm.). The sequences cover 

the last 200 years according to radionucleide profiles. Unpublished data indicate that the dinocyst assem-

blages are dominated by Impagidinium caspienense with increasing Lingulodinium machaerophorum to-

wards the top. The pollen spectra are dominated by Artemisia and Chenopodiaceae off shore Anzali, whe-

reas Alnus is very abundant off shore Babolsar. 

 

THE LATE HOLOCENE  
Pilot cores (140ï182 cm long) have been taken in the south basin, the middle basin and the northern 

part of the middle basin during a FrenchïRussian oceanographic cruise (August 1994), on board a Russian 

military ship, rented for the sea cruise in the frame of the same INCO-COPERNICUS project. Core loca-

tions were in deep water, and were chosen to avoid direct river influence (SR01GS9414CP or in short 

CP14 in the south basin, 330 m; SR01GS9418CP or CP18, 480 m in the central basin; and SR01GS9421CP 

or CP21, 460 m depth in the north of the central basin). A chronology available for one of the cores is 

based on calibrated radiocarbon dates (ca 5.5ï0.8 cal. ka BP) on bulk sediment corrected for their detrital 

content. 

Pollen, spores and dinoflagellate cysts have been analysed on these sediment cores (Leroy et al., 2007). 

The pollen and spores assemblages indicate fluctuations between steppe and desert. In addition some out-

standing zones display a bias introduced by strong river inflow. The dinocyst assemblages change between 

slightly brackish (abundance of Pyxidinopsis psilata and Spiniferites cruciformis) and more brackish (do-

minance of Impagidinium caspienense) conditions.  

During the second part of the Holocene, important flow modifications of the Uzboy River and the Volga 

River as well as salinity changes of the Caspian Sea, causing sea-level fluctuations, have been recon-

structed. A major change is suggested at ca 4 cal. ka BP with the end of a high level phase in the south ba-

sin (core CP14). Amongst other hypotheses, this could be caused by the end of a late and abundant flow of 

the Uzboy River (now defunct), carrying to the Caspian Sea either meltwater from higher latitudes or water 

from the Amu-Daria. A similar, later clear phase of water inflow has also been observed from 2.1 to 1.7 

cal. ka BP in the south basin and probably also in the north of the middle basin. 

 

THE EARLY HOLOCENE A ND LATEGLACIAL  
A further two cores from the same cruise of 1994 are being analysed for the pollen and dinocyst con-

tent. These Kullenberg cores are each 10 m long (Chali® et al, 1997). Core GS05 (south basin, museum 

number SR01GS9405) was taken in a different coring station than core CP 14, i.e. in a more southerly loca-

tion, and core GS18 (middle basin, museum number SR01GS9418) comes from the same station than core 

CP 18 (Leroy et al., 2007). However preliminary dating on ostracod shells suggests that no overlap occur 

between the pilot and the Kullenberg cores due to severe losses at the top of the Kullenberg cores during 

core penetration.  

The pre-Holocene sediment of the two cores is silicate rich. Preliminary results for the south basin sug-

gest a very open landscape during the Lateglacial with intensive mechanical weathering in a cold climate 

and high water levels (Leroy et al., 2000, in prep.; Pierret et al., in prep.). At the beginning of the Holocene, 

the sedimentation switches to carbonates and the water level drops. A progressive colonisation by shrubs 

takes place and the erosion becomes chemical. The development of trees is delayed and they become more 

abundant only after 4000 cal. yr BP in line with a further increase of chemical erosion. 

The dinocyst assemblages of the middle basin core show a late change from slightly brackish water to 

more brackish water (as in the present) only at 4 cal. ka and not at the transition to the Holocene. The dino-



Plenary session 

 16 

cyst assemblages of the southern core change at 10 cal. ka, but from the present day values of salinity 

(brackish) to a lower salinity. This period of lower salinity correspond to that seen at the base of core CP14, 

which terminates at c. 4 cal. ka. Therefore the two basins did not have the same water level history leaving 

a possible role to the Apsheron sill.  

 

CONCLUSIONS 
In the absence of a complete palynological record for the Holocene, much remains to be done in the 

Caspian Sea. In the near future a transfer function for pollen and dinocysts should be developed at the scale 

of the whole sea. Palaeoclimatic records from marine cores covering a whole climatic cycle with robust 

age-depth model should be obtained (Cordova et al., 2009). 
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INTRODUCTION  

Past breaks in Caspian sea-level trends caught everyone by surprise. Nobody predicted the sharp fall in 

the thirties, the sharp rise in 1977 and the sudden fall in 1995, even though in the last case numerous Global 

Circulation Models and hydrological balances have been run to predict future sea-level behaviour. The 

problem is that the period for which instrumental observations exist, since 1834, is too short to validate any 

model of long-term trends, and the historical record before that is too fragmentary and too contradictory to 

derive any reliable trend from them. Therefore we studied paleodata on past sea-level changes in the Cas-

pian area in the Holocene. 

One of the most promising sites that can give information both on the absolute elevation and chronology 

of highstands and lowstands, as well as a semi-continuous record of paleo-ecological conditions, is the 

modern delta of the Kura river in the southern Caspian Sea in Azerbaijan, a conspicuous fluvial- and wave-

dominated delta body protruding offshore until at least 50 m water depth. In an earlier project we recog-

nised the traces of two major lowstands, and two major highstands in the last 1500 years of the Kura Delta 

history, based on shallow sparker surveys and shallow drilling, sampling and paleoenvironmental analysis. 

We now extended the record further back into the Holocene and upper Pleistocene by an extensive 

seismic survey, drilling and coring of two deep wells, detailed sedimentological, geochemical, paleoecolog-

ical and chronological analyses. The data have been integrated in a Petrel geological model, visualised us-

ing 3-D Inside reality software, and will be matched with the output of 3-D process-based numerical simu-

lation models to be developed for the Kura delta. In this way we obtained a much more detailed and much 

more reliable Holocene sea-level curve for the Caspian, and especially for the depth and the timing of the 

lowstands, which are difficult to study on land. 

RESULTS 

A seismic survey was carried by the subcontractor KMGRU (now KGKTI) in June-July 2007 using an 

Edgetech subbottom profiler with a maximum penetration of 6 m in sand and 80 m in fine deepwater sedi-

ment. In practice only 20-50 m penetration was obtained during the survey. However the quality of the data 

is considerably better than that of the 2001 survey. Two cores down to 35 m were collected in January, 

2009 (Fig. 1). 
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The first analytical results in the integration of seismic data with grainsize, pollen, geochemistry and 14C dat-

ing of core A show a subdivision into four or five sequences, which however do not strictly coincide. 

1. Seismic data show three major reflectors, the deepest one of which at ~ 24 m depth (orange reflector 

in figure above) seems to correspond with the Pleistocene-Holocene boundary according to 14C dating. 

This might coincide with the occurrence of reddish clays in the log, though they start at a deeper level. 

Ages range between 23480 and 47070 cal yr BP. Geochemical data show higher values for Si/Al, Ti, 

Fe2O3, Ni, Cr and lower values for Ca/Mg, Sr and TOC than later horizons. Pollen biozone 1, which might 

coincide with this unit, shows high amount of Pinus and water plants and low halophytes, suggesting a 

large influence of fresh water and pollen influx from the Volga through coast-hugging marine currents. 

These sediments resemble in many aspects the brownish Late Pleistocene sediments recovered from the 

deepest part of the South Caspian Basin (Chali® et al., 1997; Jelinowska et al., 1998) and also to some ex-

tent the so-called óchocolate claysô recovered from the bottom of the Black Sea (Bahr et al., 2005, Hiscott 

et al., 2007) and cropping out in the North Caspian Plain (Badyukova, 2005). 

2. Close to this (orange) reflector, at 24,55m depth, peaty sediments were found dated at 12000 cal BP, 

also characterised by a peak in TOC. This sequence is characterised by a high content of halophytes (Bio-

zone 2), suggesting deposition under salt marsh conditions close to sea level. This is not a distinctive se-

quence in the seismics. Geochemical data indicate the lowest contents in Fe2O3 of the whole core, low Ni, 

Co, V and comparatively high Ca and Sr contents. In view of the water depth of the top of the core at 

40.13 m, sea-level must have been almost 65 m lower than the present one of -27m below oceanic level, i.e. 

-92m (24,55+40,13+27m) below oceanic level. This is within the range of estimates for the Early Holocene 

Mangyshlak regression (Varushchenko et al, 1987). 

3. The third horizon from ~24 m up to the next reflector (green in the figure) at about 4-8 m depth, con-

sists of greyish marine muds with minor sand intercalations, and in which several cycles can be discerned 

on the basis of TOC contents. Ca and Sr contents are much higher than in horizon 1, whereas Ti, Fe2O3, Ni 

and V are substantially lower. This series shows increasing contribution of warm temperate pollen, increas-

ing (Volga-derived) Pinus and Kura-riparian pollen, and decreasing halophytes, suggesting a rising sea lev-

el. Two 14C ages have been obtained for this interval, 5920 cal BP at 17.20m, and 1400 cal y BP on a large 

mollusc at 6 m depth, close to the strong reflector at the top of this unit. This horizon therefore spans a ma-

jor part of the Holocene. The upper age is very similar to earlier ages obtained from the Kura delta close to 

the same reflector, interpreted as indicating the 6
th
 century AD Derbent lowstand known from historical 

data, which may have been as deep as -48 m (Hoogendoorn et al., 2005). The depth of the upper boundary 

of this unit varies to some extent in the different analyses. The lowstands may correspond with the Warm 

Mediaeval Period (Kroonenberg et al., 2007, 2008). 

4. The unit on top of the ógreenô reflector, generally between 1,5 and 6 metres depth, and possibly li-

mited at the top by the yellow reflector, is not well individualised in the lithology:greyish and green muds 

predominate. The contents of Si, Fe2O3, Cr, Ni, and V seem slightly lower than in adjacent units, while Ca, 

Mg, Sr and TOC are higher. There is a definite peak in steppe pollen (Artemisia, Ephedra) and a dip in the 

warm temperate pollen, indicating warm semi-arid conditions. The only 14C date from this horizon is 

2840 y cal BP, the Didacna specimen used for dating was apparently reworked. On the basis of the analogy 

with earlier data from the Kura delta (Hoogendoorn et al; 2005), this unit may well represent the Warm 

Mediaeval Period between the lowstands of the 6th and 12th entury AD. 

5. The uppermost ~ 1,5 m between the yellow reflector and the surface shows a tendency to cooler cli-

matic conditions according to the pollen profiles, and thus may correspond to a period of sea-level rise he-

ralding the start of the Little Ice Age highstand (cf. Kroonenberg et al., 2007). The shales in this interval are 

slightly richer in Fe2O3, Ni, Cr, V, Zn and lower in Ca, Mg and Sr than the underlying horizon. Well B 

shows similar characteristics in seismics, lithology and geochemistry, but no palynological data are availa-

ble yet. The geochemical contrasts between the lowermost Fe-rich and Ca-poor units and the upper Fe-poor 

and Ca-rich units are particularly striking. Three ages have been obtained, one >45000 in what is presuma-

bly Unit 1, one 17500 BP in Unit 2, and one 9240 cal. BP in an equivalent of unit 3. 

SiO2/Al2O3, Fe2O3, Ca and Sr in Well B One of the most important conclusions that can be drawn from 

the project is the similarity in Late Pleistocene sedimentation in the Caspian and in the Black Sea, suggest-

ing that this unit was deposited when both seas were united during the last major Glacial highstand 

(Khvalyn) of the Caspian (so-called chocolate clays). Those in the Black Sea might therefore either origi-
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nate directly from an overflow of the Caspian, or proceeding from drainage basins that have similar charac-

teristics as the rivers discharging in the Caspian Sea. The striking difference in geochemical characteristics 

between the Pleistocene (high Fe, low Ca) and Holocene (low Fe, high Ca) sediments corroborate earlier 

findings from deep sea cores in the Caspian, and point to major changes in the drainage basins feeding the 

Caspian Sea during the Late Glacial-Holocene transition. 

 

 

    
 

Fig. 2. Interpretation ï Core B 

 

 

 

 
Fig. 3. SiO2/Al 2O3, Fe2O3, Ca and Sr in Well B 

 

 

Holocene sea-level cycles, the main subject of this project, are clearly discernible in the palynological 

and TOC data, and seem to conform to earlier less precise data, but we are awaiting more 14C data to see 

the finer details of sea-level change. After all, the best sealevel curve from the Caspian will combine results 

from an integration of data from all sites studied so far by us in this and other projects in the Caspian Sea, 

in which the Kura data provide the best data for dating the lowstands. The data collected in this project 

make the necessary data base complete enough to give a comprehensive picture of Holocene Caspian Sea 

level change in our forthcoming publications.  

This contribution was funded by EU-INTAS grant 05-1000008-8078. 
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INTRODUCTION  
Presently the Caspian region draws a great attention of researchers due to the rapid fluctuations of the 

sea-level and increase of the anthropogenic load. In 20
th
 century the Caspian Sea showed a full sea-level 

cycle with amplitude of about 3 m, which included stages of regression (1929-1977) and transgression 

(1978-1995). Rapid sea-level fall had a number of negative consequences: shallowing of the near-shore 

waters, deterioration of shipping conditions, decrease of feed areas for fish in the Northern Caspian, in-

crease of soil salinization in the coastal zone, intensification of eolian processes, etc. The sea-level rise 

caused even more serious environmental consequences: flooding and water-logging of vast areas, destruc-

tion of the seashores, strengthening of wind-induced surges, development of hydromorphism and saliniza-

tion processes in the coastal landscapes. 

Another problem of the region consists in the environmental state of river mouths, which are located at 

the contact of riverine and marine waters and influenced by pollutants brought by rivers. Recently a prob-

lem of the environmental state in areas of oil and gas extraction is put in the forefront. This is caused by 

rapidly increasing offshore exploration, extraction and transportation of oil and gas in the Northern Caspian 

Sea. It results in strengthening of anthropogenic load on the coastal and aquatic systems, and dramatic rise 

of environmental risks due to possible accidents. Of a special concern is environmental state of wetlands 

within the Volga River mouth area which are of international importance due to Ramsar Convention. 

From the beginning of 1990-ies the Caspian Sea coast was studied in frames of a number national and 

international projects devoted mainly to the geochemical consequences of the sea-level fluctuations for the 

coastal landscapes, and also environmental state of river mouths. 

 

GEOCHEMICAL CHANGES IN COASTAL ECOSYSTEM S 
Geochemical changes in coastal soils and sediments were studied in detail in Turali area (Central Da-

gestan). Besides, similar research was done at accumulative lagoon shores of Azerbaijan and Iran. The 

study showed that along accumulative shores the sea transgression gives rise to geomorphological, lytho-

logical, soil, biotic, as well as geochemical diversity of the coastal landscapes. This is caused by formation 

of bar-lagoon system moving landwards, inundation and water-logging processes, with a corresponding rise 

of the groundwater table, and also simultaneous vigorous development of vegetation in newly-formed hy-

dromorphic and semi-hydromorphic areas. On the contrary, the sea regression leads mainly to the passive 

drowning of the shore zone with a following decrease of the coastal environment variability. 

Geochemical conditions of the coastal landscapes are also caused by the sea-level fluctuations. Regres-

sive stages associate with a weak variability of geochemical environment in sediments and soils. They are 

characterized mainly by alkaline oxic conditions, and salinization as a leading geochemical process.  Geo-

chemical diversity of the coastal zone during transgressive stages is much higher. Conditions vary from 

neutral to highly-alkaline, and from oxic to highly unoxic. Newly-formed geochemical processes are pre-

sented by sulfidization, gleyzation, ferrugination, organic matter accumulation, and salinization. They 

cause a formation of various contrast geochemical barriers in soils and sediments with a consequent re-

distribution of chemical elements. These processes take place on the general low background of microele-

ments which is characteristic for the Russian part of the Caspian seashore. Content of heavy metals is es-

sentially higher in coastal soils and sediments of Azerbaijanian and Iranian seashore, especially in the 

South-Western area of the Caspian. 
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These newly-formed geochemical processes caused by the sea-level rise were determined in all areas of 

the Caspian coast, however their intensity varies according to climatic conditions. Soils of humid subtrop-

ics of Lenkoran lowland and western coast of Iran are characterized by well pronounced processes of or-

ganic matter accumulation and gley formation, since in dry subtropics processes of salinization and sulfidi-

zation are more distinct. 

 

ENVIRONMENTAL STATE OF RIVER MOUTHS  
River deltas presently draw high attention due to their location in the lowermost chains of cascade landscape-

geochemical systems and worsening of environmental conditions in many river basins. In the Caspian area of the 

most interest is a mouth area of the Volga River which is characterized by a wide variety of water subjects with 

different morphology, hydrodynamical regime, lythology of sediments, biota, etc. Technogenic geochemical 

impact on aquatic systems is different as well: from local contamination in the delta itself to the regional influ-

ence of pollutant sources scattered upstream. Multiple sources of contamination in the middle and low course of 

the Volga River caused an impression of a heavy pollution of aquatic systems in the Volga delta. 

Long-term environmental geochemical research showed high spatial-temporal variability of geochemi-

cal conditions in aquatic systems of the Volga River mouth area, which is caused by different hydrodynam-

ics, variations in water run-off, local peculiarities of aquatic systems. In general this mouth area presents a 

complicated landscape-geochemical system, which includes areas of transit and accumulation of heavy 

metals. Favorable circumstances can determine within the area formation of geochemical barriers and com-

plex barrier zones with a consequent accumulation of various substances brought by the river run-off. 

In frames of Russian-Dutch projects we have estimated pollutant levels and their dynamics in sediments 

of the Volga delta for the last 50 years on the basis of 
137

Cs and 
134

Cs dating (Winkels et al., 1998). It was 

concluded that in general Volga delta is not contaminated and is characterized mainly by background val-

ues of chemical elements in sediments of aquatic systems. Rather low pollutant levels in sediments of the 

Volga delta can be explained in a large extent by accumulation of technogenic substances in sediments of 

huge water reservoirs in the middle and low course of the river. Bottom sediments of these reservoirs are 

characterized by distinct geochemical anomalies of Pb, Cd, Zn and other heavy metals. Comparison of geo-

chemical parameters for Volga delta and 2 other large European rivers (Rhine and Danube) showed that it 

is a Rhine delta which is the mostly polluted. Despite of a sharp decrease of pollutant levels in Rhine sedi-

ments since 1960-s this delta until now has the highest levels of heavy metals and PAHs in river sediments. 

Geochemical study of bottom sediments in water objects of the Volga delta revealed the lythogeochem-

ical uniformity of the delta water objects and Cr-Pb geochemical specialization of sediments. Generally low 

HM contents in sediments allowed concluding on prevalence of natural factors in the formation of a geo-

chemical background in the Volga delta. Seasonal and long-term tendencies of HM content changes in bot-

tom sediments of water objects in the lower part of the delta are revealed. On the basis of geoinformation 

study of the remotely sensed data zoning of the western part of the shallow near-shore area was carried out 

according to the water turbidity. Spatial analysis of HM distribution in bottom sediments allowed revealing 

a presence of two geochemical barrier zones within the near-shore area. The first zone is located adjacent to 

the channel mouths, leaving to the marine border of the delta, the second zone is put forward aside the sea 

on 20-30 km to the beginning of area of river and sea waters mixing. 

River mouths often serve as biogeochemical barriers, which determine accumulation of different sub-

stances in dissolved and suspended forms. Biogeochemical indication is one of the promising methods of 

the environmental geochemical research. Increase of pollutant content in the environment quite often caus-

es its accumulation in biotic species. This species can be used as biogeochemical indicators. From a large 

variety of species one of the most sensitive groups of such indicators is presented by macrophytes (Lycha-

gina, Kasimov, Lychagin, 1998).  

Two biogeochemical types of macrophytes have been distinguished: non-barrier (Phragmites australis, 

Trapa natans, Salvinia natans, Ceratophyllum demersum) and barrier (Potamogeton). Concentrations of 

heavy metals in non-barrier plant species distinctly depend upon the environmental conditions and vary over a 

wide range. On the contrary barrier species are characterized by low variability of heavy metals determined 

mainly by the biogeochemical speciation of plants. Background levels of heavy metals are the highest in  Sal-
vinia natans and Ceratophyllum demersum and the lowest in Phragmites australis. The natural variability of 

heavy metals in aquatic plants is rather high. It depends on the regime of water streams and bodies.  
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Concentrations of heavy metals in the same plant species are higher in closed creeks with a stagnant regime 

than in active channels with running water. Biogeochemical research of contaminated sites revealed distinctly 

higher TE levels for non-barrier species. The factor of concentration is determined the highest (up to nĬ10) for 

the reed (Phragmites australis) which accumulates pollutants both from water and bottom sediments.  

Content of dissolved and suspended forms of heavy metals in river waters as a rule widely varies. It is 

determined by both chemical properties of metals and external factors of migration. In general suspended 

form is prevailing for heavy metals transported by water streams. For some metals the share is as high as 

99% of the total metal content. Volga River is characterized by very low turbidity, which determines higher 

share of dissolved forms of heavy metals in water of the Volga delta. In some samples contents of Cu, Pb 

and Cd in suspended matter exceed global background values. The fact indicates occurrence of a techno-

genic pollution of aquatic systems. Study of seasonal dynamics of heavy metals in water and suspended 

matter revealed flooding as a period of predominant input of these pollutants from the upper basin to the 

Volga delta. 

 

CONCLUSION 
Environmental geochemical state of the Russian part of the Caspian coastal zone until now is deter-

mined mainly by natural factors. Coastal and deltaic soils and sediments are usually characterized by back-

ground values of heavy metals and other pollutants. The most attention presently should be paid to the en-

vironmental state of areas of oil and gas extraction in the Northern Caspian Sea. Rapidly increasing off-

shore exploration, extraction and transportation of oil and gas in this area results in strengthening of anth-

ropogenic load on the coastal and aquatic systems, and dramatic rise of environmental risks due to possible 

accidents. 
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INTRODUCTION  
The history of isolation and marine re-connection of the Black Sea with the Mediterranean Sea on the 

west and the Caspian Sea on the east, and the impact of these events on regional environmental and cultural 

evolution have been the concern of the IGCP 521-INQUA 501 projects. Both projects focus on climate, 

sea-level change, and coastline migration in the Caspian-Black Sea-Mediterranean corridors during the past 
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30,000 years (for more information see Yanko-Hombach in this volume), and testing the two Great Flood 

Hypotheses, among other questions. The first, or Late Pleistocene ñGreat Floodò Hypothesis, states that the 

brackish Neoeuxinian Lake in the Black Sea basin filled rapidly with Caspian Sea brackish overflow via 

the Manych Spillway shortly after the LGM, 17ï14 ka BP
1
 (Chepalyga, 2003, 2007) or 15ï13 ka BP (Che-

palyga et al., 2008). The second, or Early Holocene Great Flood Hypothesis describes a catastrophic inun-

dation of the Neoeuxinian Lake by inflow of Mediterranean salt water at 7.2 ka BP (Ryan et al., 1997; 

Ryan and Pitman, 1999) or 8.4 ka BP (Ryan, et al. 2003; Ryan, 2007). Both hypotheses propose that the 

massive inundations of the Black Sea basin and ensuing environmental changes profoundly impacted pre-

historic humans in surrounding areas and formed the basis for Great Flood legends.  

In this paper, we review the geological, paleontological, palynological, and archaeological evidence to 

determine whether they support these hypotheses, and we summarize the scientific evidence for alternative 

scenarios of Black Sea development in the Late Pleistocene and Early Holocene, paying particular attention 

to archaeological impacts implied by the different hypotheses. 

 

MATERIAL AND METHODS  
Our review is based on: (1) materials from a large-scale (1:200,000, and in certain areas 1:50,000) geo-

logical survey of the Northern and Caucasian Black Sea shelf in which the first author was heavily involved 

(Yanko, 1990), and (2) correlation of archaeological sites with geological data (Dolukhanov and Shilik, 

2007; Stanko, 2007; Dolukhanov et al., 2009). The survey was, and still is, performed following a metho-

dology developed with the joint efforts of specialists from academia, educational institutes, and industry 

(e.g., Shnyukov, 1982; Balabanov et al., 1993). Particular attention was given to morphological, lithologi-

cal, geochemical, and paleontological markers of paleosea level stands (e.g., Shnyukov, 1982; Avrametz et 

al., 2007) and their geochronological control, including consideration of the possible influence of neotec-

tonics (e.g., Glebov and Shelôting, 2007) on paleogeographic and paleoenvironmental reconstructions.  

As part of this survey, thousands of cores, tens of thousands of kilometers of seismic profiles, and hun-

dreds of radiocarbon dates across the Black Sea shelf from the northern exit of the Bosphorus Strait on the 

west to the city of Batumi on the east were collected and studied in a multi-disciplinary effort. The north-

western shelf, ñthe cradle of the Flood Hypothesis,ò was studied especially well, resulting in the collection 

of a massive database described in numerous publications (e.g., Yanko, 1990). In none of these published 

studies was there ever any evidence given for abrupt flooding of the basin in the Late Pleistocene-Early 

Holocene, and none of the classical publications on the subject did so either (e.g., Arkhangelôsky and 

Strakhov, 1938; Nevessakaya, 1965; Fedorov, 1978). 

Sediment cores were routinely logged for grain-size, color, texture, presence of shell, wood, and peat. 

Subsamples were taken for studies of mollusks, foraminifera, ostracods, and palynology studies as well as 

for geochemical analysis of Corg, and oxygen and stable carbon isotope ratios. 

 

LATE PLEISTOCENE ñGREAT FLOODò HYPOTHESIS: EVIDENCE AND CRIT ICISM  
According to this hypothesis (Chepalyga, 2003, 2007), the Great Flood occurred during the Early Khva-

lynian stage, between 17 and 14 ka BP, when water level in the Caspian basin rose 180ï190 m, and a great 

Cascade of Eurasian Basins (the Vorukashah Sea) extended from the Aral Sea in the east to the Aegean Sea 

in the west, connected via the former spillways of the Uzboy and Manych-Azov-Kerch as well as the cur-

rent Bosphorus and Dardanelles Straits. The Cascade encompassed about 1.5 million km
2
, contained about 

700,000 km
3
 of semi-fresh to brackish water (1ï12ă), and it left traces on coastal plains (marine transgres-

sions), in river valleys (megafloods), on watersheds (thermokarst lakes), and on slopes. 

The Early Khvalynian basin could not retain all the inflowing water, so the excess was discharged 

through the Manych-Azov-Kerch Spillway into the Late Neoeuxinian Lake with an estimated speed of 

about 1000 km
3
 a

-1
ðthree times faster than the present river discharge. The water influx raised the Late 

Neoeuxinian Lake level 60ï70 m and then spilled into the Sea of Marmara. This flow pattern was traced by 

following the distribution of óchocolate claysô, loams, and sands of 20ï30 m thickness, containing endemic 

Caspian mollusks Didacna, Monodacna, Adacna, Hypanis, and foraminifera Mayerella brotzkajae and 

                                                        
1 All 14C are determinations discussed in this paper are uncorrected for reservoir effect and uncalibrated. 
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Ammonia caspica (Yanko-Hombach et al., 2007a) across all the basins from the Caspian Sea to the Darda-

nelles Strait. The drastic changes in sea level and coastal inundation (up to 10ï20 km a
-1
) submerged exten-

sive floodplain areas, possibly forcing migrations of Paleolithic people into ñsafe areas,ò and stimulating 

cultural advances. 

From a geological perspective, this hypothesis was heavily criticized by Svitoch (2008), who noted that: 

(1) there are no data indicative of the Aral Sea being a drainage lake, (2) there is no evidence that Siberian 

proglacial water was inflowing into the Caspian Sea, (3) taxonomic and spatial distribution of mollusks in 

Khvalynian sediments do not support the transgression as having been essentially influenced by the thaw-

ing of ice sheets on the Russian Plain, (4) there is no evidence that the Khvalynian transgression was cata-

strophic; in fact, sea level rose by a few centimeters per year for several thousands of years, and, therefore, 

encompassed the lifetimes of many generations, and (5) there are no data indicating that the quantity of 

Khvalynian water overflowing through the Manych Spillway into the Neoeuxinian Lake was significant. 

Most likely, it would have increased the level and salinity of the lake by 30 m and 5ă, respectively. 

Viewed from this perspective, there is no conclusive evidence that the Khvalynian transgression could 

serve as a prototype for the Great Flood. Moreover, natural cataclysms lasting for several thousand years 

and affecting tens or hundreds of human generations would never be perceived as a one-time catastrophe 

(such as the Biblical flood). In all probability, the flooding event as described in the Old Testament was 

some large-scale catastrophe that transpired most likely within a local area and was elaborated and enlarged 

in subsequent human memory. It was not, however, the Khvalynian transgression of the Caspian Sea, and it 

is incorrect to refer to it as the Great Flood. This term should be used to indicate other events of more sig-

nificant scale and tragic consequences. 

From an archaeological perspective, Chepalygaôs (2007) argument that Paleolithic sites predating the 

Late Pleistocene Great Flood (e.g., Avdeevo on the Seym River) are located at lower elevations within the 

valley, while younger sites are situated much higher on the slopes, possibly because of superfloods engulf-

ing the valley bottoms, is incorrect. Nearly all Upper Paleolithic sites inhabited during the various stages of 

the last glaciation on the East European Plain are found on elevated river terraces. This was apparently due 

to the fact that these rivers were major channels for meltwater discharge to the south; they were in essence 

óchains of lakesô. The site of Avdeevo is a notable exception. Its lower position within the valley may be 

attributed to seasonal fluctuation in water level. Quoting Leonovaôs (1998) data on the presence/absence of 

specific microlithic tools in the inventory of the Kamennaya Balka site, Chepalyga suggests that the Great 

Flood must have disrupted contacts with the south. This argument seems to be incorrect as well. As shown 

by the frequencies of radiocarbon-dated sites (Dolukhanov, 2001), the density of Upper Paleolithic sites 

markedly increased in the periglacial zone of the East European Plain between 24 and 20 ka BP, a time 

when the water level of the brackish Early Neoeuxinian lake lay below 100 m. In the course of the Late 

Neoeuxinian transgression (18ï14 ka BP), and during an environment of gradually rising temperature and 

humidity, groups of Paleolithic foragers moved into the Pontic Lowland from the north and settled within 

the valleys of small rivers. At 18 ka BP, specialized bison hunters occupied the large site of Anetovka 2, 

which combined the functions of a tool-making workshop, butchering site, and cult center (Stanko et al., 

1989). Another site of approximately similar age, Amvrosievka, was a short-lived bison huntersô kill-site 

(Krotova, 1999). Dolukhanov et al. (2009) supported the suggestions of Stanko and Krotova by describing 

coastal landscapes for the northern Black Sea and pollen data from Ukraine indicating likely effects on Pa-

leolithic groups due to the extermination of mammoth and woolly rhino by 18 ka BP and their replacement 

by bison. Similar to Amvrosievka, settlements were very likely established on the exposed Pontic shelf, 

which is currently submerged. During the Late Glacial period (14ï10 ka BP), the local industries became 

enriched with microlithic elements, and this apparently developed locally without any major influx from 

outside (Sapozhnikov, 2005). Hence, the development of the microlithic technique was a common pheno-

menon for the entire Pontic steppe and was in no way related to the occurrence of a Late Pleistocene Great 

Flood as was proposed by the author of this hypothesis. 

Thus, all Paleolithic sites occupied during Neoeuxinian time belonged to groups of foragers specialized 

in hunting big game. Similarities in lifestyle and lithic tools suggest that human groups circulated freely 

along coastal areas, including the now submerged shelf floor. No major changes in settlement or subsis-

tence that could be related to a major ecological catastrophe are recognizable; the only exception is the dis-

appearance of bison in Late Glacial sites, but this was apparently the result of overkill. Contacts between 



Plenary session 

 26 

human groups seem not to have been severed by any calamitous events, so contrary to Chepalygaôs views, 

population movements were not likely blocked or disrupted by a major Manych-Azov-Kerch Spillway. As 

such, Chepalygaôs (2007) argument for a Late Paleolithic upland migration and a stimulus towards the de-

velopment of water transport technology, as suggested by Mesolithic rock drawings in Gobustan of 9ï8 ka 

BP (Dzhafarzade, 1973) seems also to be incorrect. Stanko (2007) recorded Mesolithic population increases 

in the lower Dniester valleys from 14ï12 ka BP, but he did not find any evidence of catastrophes for the 

time span of 14ï6 ka BP. Not until ca. 12 ka BP, however, is there evidence of a southward migration of 

people into the wetlands of the Danube, Dniester, and Dnieper estuaries, where waterfowl hunting may 

have been important. Although it is reasonable to suggest that there may have been settlements on an emer-

gent shelf (Dolukhanov et al., 2009), no underwater sites or animal bones have yet been recovered, and the 

earliest evidence of regional farming dates to the Late Chernomorian stage (7ï4 ka BP) as represented by 

numerous sites in the upper Dniester basin and scattered sites near the Azov Sea (Dolukhanov et al., 2009). 

¥zdoĵan (1999) emphasized indirect evidence that the Holocene transgression coincided with human mi-

gration from the Mediterranean area into the Pontic Lowland, not the other way, as flood avoidance would 

imply. However, hyperarid climate and an effective isolation of the Caspian area contributed to the pro-

longed survival of Mousterian technology and, possibly, Neandertal populations. The spread of Upper Pa-

leolithic technology in that area became possible only in the aftermath of the Late Khvalynian transgres-

sion, 12.5ï12 ka BP (Dolukhanov et al., 2009). 

 

EARLY HOLOCENE GREAT  FLOOD HYPOTHESIS: EV IDENCES  

AND CRITICISM  
Based on very limited geological data obtained on the northwestern shelf and south of the Kerch Strait, 

the Early Holocene Flood hypothesis suggested by Ryan et al. (1997) argued that the level of the freshwa-
ter Neoeuxinian Lake was ca. ï140 m below present sea level between 14.7 and 10 ka BP. At 7.2 ka BP, 

saline Mediterranean water from the rising postglacial world ocean broke through a barrier within the nar-

row Bosphorus channel and abruptly filled the Neoeuxinian Lake, submerging more than 100,000 km
2
 of 

previously exposed shelf, in the process flooded coastal farms and forcing early Neolithic foragers and 

farmers to evacuate and move into the interior of Europe carrying with them agriculture as well as the 

memory that would form the historical basis for the biblical story of the Great (Noahôs) Flood. 

A few years later, this hypothesis was modified (Ryan et al., 2003) based on a study (Major et al., 2002) 

of two sediment cores recovered at water depths of ï240 and ï378 m. Using Sr isotope values in the core 

sediments as proxies, it was concluded that re-connection between the Black and Mediterranean seas (via the 

Marmara Gateway) began a millennium earlier than previously estimated. The timing of the flood was moved 

back to 8.4 ka BP, and instead of a single inundation, two lowstands (ï120 m at 13.4ï11 ka BP; and ï95 m at 

10ï8.4 ka BP) and two floods (sea-level rise from ï120 to ï30 m at 11.0ï10.0 ka BP; and from ï95 to ï30 m 

at 8.4 ka BP) were proposed. The second of these two major transgressions was labeled the Great Flood. 

This hypothesis received support from IFREMERôs seismic surveys, which apparently indicated well-

preserved drowned beaches, sand dunes, and soils (Lericolais et al., 2007), and based on these features, 

they claimed that the Black Sea shoreline was at ï100 m until about 8.5 ka BP. A refinement of this hypo-

thesis was introduced by Turney and Brown (2007), who recycled Majorôs published mollusk 
14

C ages into 

a model based on ñhigh precision dating of the marine flooding of the freshwater Black Sea.ò In their mod-

el, they removed corrections for a hardwater or marine reservoir effect from the so-called ñfreshwaterò 

mollusks living in the Black Sea before 7940Ñ75 BP, and assumed a mean æR of 50Ñ63 years for the oldest 

Black Sea marine mollusk in order to narrow the age of the early Holocene inundation. A Bayesian model 

was constructed for these age-adjusted data to show that the Mediterranean infilling of the Black Sea oc-

curred between 8350 and 8230 cal bp (7505ï7484 BP). Turney and Brown connected this marine incursion 

with the ca. 8.2 ka BP global cooling event associated with final collapse of the Laurentide ice sheet and 

outflow of flood water from Lake Agassiz (Clarke et al., 2004). 

A freshwater character for the Neoeuxinian Lake was recently supported by Soulet et al. (2010). Based 

on the study of pore water from a single core located at a water depth of ï350 m on the Danube traverse, 

the authors suggested that, during the Last Glacial Period, the Black Sea ñLakeò was a fresh and 
18

O-

depleted water body. According their discoveries, they claimed that a freshwater-filled basin would have 

allowed Neolithic farming on the exposed ancient Black Sea shelves. 
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The hypothesis was closely examined in recent publications: a special June 2007 issue of Quaternary 
International (Yanko-Hombach and Yēlmaz, 2007) and a major book, The Black Sea Flood Question: 
Changes in Coastline, Climate, and Human Settlement (Yanko-Hombach et al., 2007). Most researchers 

found the Early Holocene flooding of the Black Sea to be a myth, reporting the following. The Black Sea 

was a semi-fresh to brackish (but never freshwater) Neoeuxinian Lake with a level about ï100 m below 

present at the LGM. About 17 ka BP, factors related to deglaciation raised the lake level to ï20 m, spilling 

excess semi-fresh water into the Sea of Marmara and forming a mid-shelf delta at the southern end of the 

Bosphorus Strait (Hiscott et al., 2007). After ca. 9.8 ka BP, the level of the Black Sea never again dropped 

below the ï50 m isobath, nor did it exhibit fluctuations greater than about 20 m. The brackish Pontic lake 

ultimately became a semi-marine basin through oscillating Marmara seawater entry, with periodic immigra-

tion of Mediterranean organisms with the first wave of immigration at ca. 9.5 ka BP. 

Regarding the article of Turney and Brown (2007), it is just a summary of other people's work. They 

operated with radiocarbon dates borrowed from an incomplete dataset (Gkiasta et al., 2003), the inadequacy 

of which had been already demonstrated (Dolukhanov et al., 2009), and they totally ignored the cultural 

and environmental context of the dated sites (not uncommon omissions by non-specialists). They overesti-

mated the sea-level rise caused by a collapsing of the Laurentide Ice Sheet, and they based their modeling 

on the flawed hypothesis of Ryan et al. (1997) and Ryan and Pitman (1999) of catastrophic flooding in the 

Black Sea during the Early Holocene. They took it a priori that a paleoshoreline of the Neoeuxinian Lake 

was located at ï155 m below present (Ballard et al., 2000) at 7460Ñ55 BP, and that the lake was abruptly 

flooded at 7940Ñ75 BP. The writers totally ignored the recent debate focused on the óFloodô problem, in-

cluding the volume edited by Yanko-Hombach et al. (2007). Based on all these flawed arguments, the writ-

ers raised an important question about the causal mechanism of the Mesolithic-Neolithic transition in Eu-

rope, which had been repeatedly discussed over the past few years (e.g., Dergachev and Dolukhanov, 2007; 

Ozdoĵan, 2007), but it was totally ignored by Turney and Brown. All this led the writers to erroneous and 

misleading conclusions that an Early Holocene catastrophic flooding caused an abrupt expansion along 

coastal and inland routes leading to continent-wide establishment of farming, mass migration of Neolithic 

people into Europe due to land lost to rising sea levels, and cultural change on a regional scale.  

The claim of Lericolais et al. (2007) that the Black Sea shoreline was at ï100 m until about 8.5 ka BP is 

not based on direct dating of the dune-like features at that depth; it comes from CHIRP sonar profile corre-

lation with a shallower core site >100 m distant, where the Holocene section is only ~0.7 m thick. CHIRP 

sonar profiles have an optimal vertical resolution of 10ï15 cm, so, at best, this condensed core thickness 

means that the age of the dune top could be 9500 BP or older. In contrast, the Holocene cores of Hiscott et 

al. (2007) are 10ï45 m thick and have permitted direct dating of the first transgressive deposits, showing 

that the shoreline was above ï40 m at 8800 BP. This evidence fits the data of Balabanov (2007) and many 

others perfectly.  

Cores of these thicker deposits provide details of the reconnection process, including direct palynologi-

cal proxy-data for local vegetation and a relatively warm, moist climate (Mudie et al., 2007). These results 

contradict the data of Lericolais et al. (2007, 2010), who repeatedly claim evidence for a very dry early Ho-

locene climate based on pollen records from their shelf cores, none of which are published as yet. 

Badyukova (2010) has recently demonstrated that that there are no opportunities for dunes to persist on 

the sea bottom under any transgressive scenario, and stratigraphic discordance in this case is regular, and it 

does not indicate erosion during a catastrophic sea-level rise, as Lericolais et al. (2007, 2010) consider.  

The Soulet et al. (2010) paper has serious errors. One of the main issues is that their site is located at ï

350 m depth, which lies below the halocline, but their model treats the situation as if they were dealing with 

surface water. The pore water model presented by these authors is based on incorrect assumptions about 

water stratification in the Black Sea, and totally ignores paleontological (e.g., Nevesskaya, 1965) and mi-

cropaleontological (Yanko-Hombach, 2007b) data that, together with palynological data (Marret et al., 

2007) show the Neoeuxinian Lake to have been brackish, not freshwater.  

From an archeological perspective (summarized in Yanko-Hombach et al., 2007a), no significant cul-

tural changes characterize the archaeological record of the region during the 8.4ï7.2 ka BP interval coeval 

with the proposed flood. During this period, the North Pontic steppe and the Caucasian coast supported 

Mesolithic forager groups who possessed neither domestic plants nor animals but relied increasingly on 

aquatic resources, harvesting of wild plant foods, and a lifestyle combining sedentism with seasonal tran-
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shumance. Sites cluster in landscapes with diverse and predictable wild resources, especially marine estu-

aries, lakes, and river floodplains. Even if the Black Sea rose catastrophically and flooded the North Pontic 

plain, few foraging bands would have been displaced from the now drowned shelf area, considering the low 

population density typical of steppe-dwellers. Mesolithic and early Neolithic archaeological data in Ukraine 

provide no support for a sudden cultural shift at the time of the proposed flood (Anthony, 2007). The earli-

est indications of agriculture come from the Zagros foothills in the Near East: 11.7ï8.4 ka BP (Bar-Yosef 

and Meadow, 1995) corresponding to the cool, dry Younger Dryas climatic period, including the subse-

quent rapid increase in rainfall at the beginning of the Holocene. Several pollen records of Black Sea shelf 

cores also show absence of crop growing or animal herding before about 6,500 yr BP (Mudie et al,, 2007) 

and to date, the only artifact found in outer shelf sediments is one ceramic plate of disputed Neolithic age 

(Yanko-Hombach et al., in press). 

 

CONCLUSIONS 
Barring new and more supportive evidence, one must conclude that both ñFloodò scenarios represent a 

contemporary legend. The intriguing geological and archaeological history of the Pontic region deserves 

more research and will eventually reward exploration with new discoveries. 
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OVERVIEW OF THE MORP HOLOGY OF THE KURA D ELTA  

The modern Kura delta is located in southwest Caspian Sea. The delta is the fluvial dominated, and dis-

tributes its sediment load through three channels oriented North, East and South. The north flank of the 

delta is composed of a barrier lagoon complex. The east and south flank of the delta are delta front marsh 

environments, typical for a fluvial dominated delta. The southern slope has a low gradient. Morphology of 

the delta slopes here demonstrates classic clinoform geometry. 
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METHODOLOGY  
Several field campaigns in 2001, 2008 and 2009m were organised to acquire the necessary data.  

30 offshore shallow sesimic profiles were shot in lines parallel and perpendicular to the delta contours, 

40 hand augerings up to 7 m depth were made in the onshore delta, offshore 14 piston cores down to 3 m, 8 

wells down to 20 m, and 2 wells down to 35m were drilled. A number of samples have been selected for 

different type of analyses.  

 

MAIN RESULTS  
The offshore deltaôs Holocene sediments consist up to at least 20 m depth of thinly bedded silty clays and 

laminated dark grey clays underlain by reddened fluvial clays. Locally sand and shell-rich horizons occur. 

The data have given a concise insight in the development of the delta during the last ~10000 years. They 

show several phases of delta retrogradation during the Caspian Sea highstands, interrupted by erosional 

phases during lowstands, recognisable in the sesimic profiles as prominent reflectors. The first phase is 

represented by reddened fluvial clays (Sequence 1) possibly affected by soil formation during a lowstand at 

ï90 m absolute depth dated at 12000 BP. These are overlain by several metres of laminated clays and silts, 

14C dated at 9240-5920 BP (Sequence 2).  

This succession is truncated by a prominent reflector bounding Sequence 3 (modern delta dated at 1400 

BP consisting of thin laminated clays. Sequence 3 consists of four progradational and retrogradational 

phases of a higher order corresponding to: 1. a lowstand at about ï48m absolute depth and correlated with 

the 11th century Derbent Regression, 2. laminated deltaic clays and silts, passing locally to organic clays 

with fluvial diatom assemblages; 3. an erosional event, related to a lowstand in the 16th century; 4. last 200 

years deposited succession. Onshore delta consists of progradational sequences of channel-levee sands and 

floodplain silts and clays deposited during gradual sea-level fall and overlain by clays and silts reflecting 

the last phase of rapid sea- level rise since 1977. Overall sedimentation rates in the delta determined by 

210Pb methods range between 1.5ï3.0 cm/year. 

The amount of Corg in the upper part of the section in the Caspian Sea adjacent to river Kura delta va-

ries from 0.2 to 1.22 % with median values 0.6-0.8 %. It demonstrates that in the sediments deposited dur-

ing Caspian Sea high stand in 1929 the minimum of Corg content is localised near the mouth of the active 

southern channel of the Kura River and coincides with minimum of clay fraction. At the same time the 

maximum of organic matter content locates near the mouth of eastern channel which was inactive that time.  

Further southeastwards and eastwards Corg content increases. In section corresponding to the Caspian 

Sea low stand in 1977 the area of minimum Corg is located at the north near the northeastern distributary. 

This indicates high activity of this distributary during Caspian Sea fall. The area of Corg minimum extends 

covering also the mouth of main channel and eastern part of the delta. Corg maximum shifts toward the ba-

sin coinciding with maximum clay fraction. During the Caspian high stand in 1995 the minimum of Corg 

contents is confined to the mouth of main channel. 

Distribution of organic matter in the early Holocene sediments of the Kura river delta also displays the 

strong time dependence reflecting depositional history of the delta. 
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INTRODUCTION  
This research project aims to resolve the small-scale stratigraphy with its great lateral and downstream 

heterogeneity in the modern delta using novel Very High Resolution marine geophysical techniques capa-

ble of working in very shallow water; further methods include (hand) augering, paleoecology and absolute 

dating techniques. During this study we have obtained a detailed image of the architecture of the Holocene 

Volga delta, including the location, sedimentary and paleoecological characteristics of major maximum 

flooding surfaces and sequence boundaries, and their relation to Volga discharge, Caspian Sea level and 

global climate. This should lead to a better understanding of the way ramp deltas work under conditions of 

rapid sea level change, as well as to a better understanding of the 3-D architecture of Paleo-Volga delta in 

the South Caspian Basin. 

 

CASPIAN SEA LEVEL CH ANGES  
Caspian Sea levels have been less stable than world ocean levels (Rychagov, 1997). The causes and the 

history of the rapid Caspian Sea level changes are still debated. Currently, the consensus is that tectonic 

processes and associated crustal movements were the predominant factors in base level change during the 

Pre-Quaternary. By contrast, during the Quaternary, Caspian Sea level changes were climate-induced, and 

related to its continental location and isolation from the world oceans. The atmospheric processes over the 

sea itself and its extensive catchment area directly influence the Caspian Sea level. Sea level regime (hy-

drologic-water balance) depends to a great extent upon discharge from the Volga River (Overeem et al., 

2003) and evaporation at the Caspian Sea surface, especially in Kara Bogaz Bay (Kosarev and Yablons-

kaya, 1994). Numerous transgressions and regressions have been preserved in the stratigraphic record and 

as coastal landscape features. The exact ages and magnitudes of these events have not yet been established 

with confidence. Generally, the available literature only provides data regarding transgressions that have 

been preserved in high stand deposits found onshore. Data on regressions is sparse. 

During the Late Pleistocene-Holocene period, sea level cycles of four orders of magnitude in time and 

sea-level amplitude have been documented (Kroonenberg et al. 2005). When these processes are superim-

posed, they have produced the Caspian Sea level time history. It has been deduced that sea levels range 

between at least GSL + 50 m during the Last Glacial and GSL -100 m during the Early Holocene, with the 

current level of GSL ï 27 m. The most recent cycle lasted only 65 years: sea level fell more than 3 m be-

tween 1929 and 1977 and rose 3 m again until 1998. From that year to present day, the sea level has been 

relatively stable (Ozyavas and Khan, 2008). Interfering processes that influence the Sea-level result in er-

ratic large-scale transgressions and regressions. Thus, the sedimentary facies of the Caspian Basins are cha-

racterised by rapid shifts due to the massive changes in coastline position. Superimposed upon this prin-

ciple pattern are seasonal changes in sea level with May-June maxima that are primarily related to varia-

tions in fluvial input. 

Holocene deposits in the Volga Delta are restricted mainly to the lower delta front and do not reach 

more than 5ï10 m in thickness, except for incised-valley fills (Fig. 1; Aybulatov, 2001).  
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Fig. 1. Thickness of Holocene deposits according to acoustic profiling data by Zaytsev et al. (2002);  
note incised valleys; simplified after Aybulatov (2001) 

 

They overlie a paleotopography of dissected Baer Hills of Late Khvalyn or Early Holocene age. Data 

from over 80 augerings in the Damchik part of the Astrakhan Biosphere Reserve near the delta front (Over-

eem et al., 2003) show a very complex system of small coarsening-upwards prograding levee or mouthbar 

deposits 1ï3 m in thickness and fining-upwards channel fills and drowned levee complexes of the same 

order of magnitude, all with very little lateral continuity, even though augerings are < 100 m apart. This 

agrees with the small-scale nature of the distributary-channel network in the modern delta. 14C dates on 

organic matter, all in the range 6000ï8000 yr BP, indicate sedimentation rates of 1ï2 mm/y in uncom-

pacted muds, but age data are as yet insufficient to resolve individual sea-level cycles. A sandpit near Dam-

chik in the Astrakhan Biosphere Reserve shows a coarsening-upwards sequence of clays overlain by silty 

sands and fine sands. The underlying clays have more brackish-water molluscs, whereas the uppermost 

sandy layers have only freshwater species. A similar trend is shown by diatom assemblages. This corrobo-

rates an origin by a prograding delta system in which fluvial sands are deposited on top of brackish prodelta 

deposits. 14C dates suggest that progradation might have occurred during the Derbent regression, known 

from historical data to have taken place around 1000 yr BP. Further details are given by Overeem et al. 

(2003). Holocene sedimentation evidently bears much resemblance to the present lower Volga delta. The 

presence of several mollusc-rich layers, and ripened and mottled horizons, suggests periodic deposition and 

soil formation. This might be related to various transgressions and regressions of the Caspian Sea, but the 

rapid vertical and lateral facies changes and the lack of datable horizons so far preclude the establishment 

of a precise correlation and chronology. 

 

DATA  
New data were acquired during 3 field campaigns yielding ~100 km of shallow geophysical data (2 N-S 

transects and 2 E-W transects) and 27 cores. From the cores samples were taken for several analyses of 

which the palynology and 14C dating are the most important.  

 

GEOPHYSICAL DATA  
Seismostratigraphic profiling was carried out by Shirshov institute supervised by Oleg Levchenko. The 

total length of seismoacoustic profiles is ~80 km of which 55 km was acquired in the Damchik area. Apart 

from the intended reflections intensive multiples from acoustically hard boundaries were recorded in the 

seismoacoustic sections, mainly from the sea floor and from the first boundary of the section.  
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The complex and uneven character of the recording in some profiles is probably determined by back-

ground noise, vertical and lateral changes in bedding and lithofacies and gas-saturation. On the whole the 

seismoacoustic sections hyave a high quality covering the first 5-10 meters below the channelbed. The lev-

el of multiple reflections is rather high. It complicates the image at greater depth (more than 5-10 m dpend-

ing on the waterdepth) and suppresses useful waves. Nonetheless, the quality is sufficient to determine the 

major elements of the delta geometry and its shallow subsurface.  

Figure 2 shows a profiles typical for the Volga delta.  

From the seismic sections 6 major seismic facies, and 8 subfacies, could be distinguished.  

Å Channel-shapes (discontinuous) (2 subsets) 

Å Convex shapes (discontinuous) (2 subsets) 

Å (sub) Parallel sets (continuous) (2 subsets) 

Å Foresets (continuous) (2 subsets) 

Å Heterogeneous sets (continuous) 

Å Aggradational sets (continuous) 

Furthermore maximum of 3 different surfaces could be recognized: 

Å The channelbed pending waterdepth, 

Å first discontinuity, 

Å Second discontinuity (Also the base of the survey). 

The first and second discontinuity were not found in every section of the survey. As a reuslt we could 

describe 3 systems, The modern present day system which is visible on the survey. As two prior phases of 

Delta developement at this location 
 

 
 

Fig. 2 Subsurface data section acquired at the Damchik Nature Reserve showing 4 types of seismic facies 

 

LITHOLOGY  
An onshore survey using a hand-auger has been carried out throughout the Damchik area of the Astrak-

han Biosphere Reserve (see data map). The method included the use of casing resulting in a maximum 

depth of 10m below surface. Lithological data from a total of 25 cores were acquired. Data description in-

cluded: depth, texture, colour, organic matter conent, prensence of shells (complete or fragments) and se-

dimentary structures, e.g. layering, laminations and bioturbations. Furthermore samples were taken for 14C 

dating and palynology.  
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Table 1 

Overview of all lithofacies and associated depostional environment 
 

 
 

LABORATORY DATA  

Palynology: From 7 cores samples were taken for palynology.The palynological zones are based pri-

marily on the pollen and spore components, and are therefore likely to be influenced primarily by local 

climate and vegetation, as well as depositional and facies changes within the delta itself. Total of 7 Palyfa-

cies were described. Showing distinct lateral and vertical continutiy. The distance between the most nor-

therly and most southerly cores is approximately 20km, and the influence of climate variance within the 

study area itself is therefore likely to be minimal.  

The zones are therefore likely to give a good overall indication of the vegetation (and therefore the cli-

mate) at the time of deposition. The influence of sea level change is also important and the effects of sea 

level rise are shown by the presence of in-situ dinoflagellate cysts (dinocysts). These are not used as zonal 

indicators, but their distribution (for the most part) corresponds well with the palynological zones assigned. 

14C: total of 38 samples were age date using 14C methods showin a rand betwoon 8kyr bP till modern 

age. Nevertheless three phases of deltaic development were recognized in these data. Including clear trans-

gresional trends. All data from the lithofacies, palynology and 14C give a comprehensive overview of the 

history of the Volga delta. 
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Fig. 3. 14C & palynology data 

 
Fig. 3. Overview of 14C & palynology data plotted vs the interpreted waterdepth during deposition. The 

arorws show th sea levle trend as interpreted by the palynology data. The fine line is the sealevel curve as 

proposed by Rychakov (1997). Although similar trends are observed lowstands are more pronounced by 

these new data for mthe Volga Delta. The colout bar represents the palynological zones, the grey-white bar 

the 4 phases of delta development that have been identified at the current location of the Volga Delta. 

 

CROSSSECTIONS 

 
 

Fig. 4. Crossection in N-S direction, showing the 4 phases of delta develoment through the study area 

based on all available data. Crossection shows that the layering of the different phases. The influence of the 

substrata is probably the cause of the lateral variability while the complex sedimentary dynamics in a dwon 

stream direction is the cause for the verical variability through the area 
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Fig. 5. Crosssection in W-E direction, also showing 4 phases of delta development. Data shows that the 

lateral and vertical variabilty is lower perpendicular to the flow direction of the Volga River, proof of 

strong anisotropy of the deposition model 

 

CONCLUSIONS & SUMMARY  
All these data have resulted in the recognition of at least 4 phases of deltaic deposition. Each of these 

phase is driven by rapid sea level change. The oldest phase is the substrata that are dated at 27k y B.P. 

Coinciding with the Khvalyn (Late Pleistocene) transgression. Next phase is a dated a ~8k yr BP although 

limited core- and geophysical data of this phase are available, however the palynology data shows evidence of 

a transgression. Next phase is the 4k yr B.P. delta, covered well by all data and also shows a transgressive 

setting. The geophysical data revealed that this delta is very similar to the modern day delta regarding geo-

morphology and active depositional environments. Next phase is the Derbent regression of ~ 1.5 k yr B.P. that 

reperensents an erosive surface in the stratigraphy. The top section of the delta stratigraphy is a complex that 

consist of Little Ice age highstand deposits with on top the subsequent regressive deposits and also includes 

elements in the delta front from the last 3 m sea level cycle that occurred between 1930 and present day. 
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INTRODUCTION  
Evolution of deltas is among of the most difficult and the least studied hydrological and geomorpholog-

ical processes. Studying of regional specificity of process shows that development of deltas depends on a 

proportion of river and marine factors, type of offshore relief, variability of level of a receiving reservoir, 

complexity of structure of deltas hydrographic network and anthropogenous influence. Mouth processes in 

the Volga delta consolidate different hydrological and morphological processes (change of spatial position 

of the mouth borders, dynamics of delta marine edge, flow redistribution between systems of water cur-

rents, lengthening of delta arms, development of delta bars, etc.). They reflect complex influence of Volga 

runoff and level of Caspian Sea change on evolution of delta. 

 

EVOLUTION OF DELTA M ARINE EDGE 
Evolution of the Volga delta and its marine edge is connected with fluctuations of receiving reservoir 

level (Baidin, 1962; Mikhailov and others. 1978; Richagov, 1994; Kroonenberg et. al., 1997). In these con-

ditions and in geological time scales delta position changes within a zone of the maximum displacements of 

the delta top in direction to a land, and its marine edge ï towards the sea (fig. 1). 

 

a    b  
 

Fig. 1. Influence of Caspian sea level fluctuations on a geographical position of Volga mouth  
at maximum (ʘ) and minimum (b) sea level (Kroonenberg et. al., 1997) 

 

As a result area Fʦ, on which inlet processes occur, reaches its own natural maximum. For example, at 

extremely low level of Caspian Sea the mouth of the Volga river placed in Apsheron peninsula region (Svi-

toch, Badiukova, 2002). In the conditions of the maximum transgression of Khvalynskiy Sea the top of its 

delta was in area of a modern mouth of the Kama river.  

mailto:n_alex50@mail.ru
mailto:gidroden@mail.ru
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For the last 500 years level of Caspian sea was not elevated above 25,0 m (Richagov, 1994) and did not 

fall less than 29,01 m. In this range of the sea level fluctuations the top of the Volga delta was stable placed 

in near Verkhnie Lebjazhje townAt stable position of the Volga delta top main factor of its evolution is 

change of its marine edge position. This process depends on fluctuations of Caspian Sea level in a complex 

way, and also relates with change of water and sediment flow. Generally displacement of marine edge of 

delta can be active and passive (Mikhailov, 1971). Accumulation of river sediments on the offshore causes 

active increment of marine edge of delta in the sea. Displacement of marine edge of delta under the influ-

ence of level of a receiving reservoir changes is called passive. 

Stable position of delta top saves a role of marine and river factors in evolution of delta marine edge. 

The analysis of the combined time transgressive maps and satellite images (fig. 2) shows that process of 

marine edge changing of delta passes in several stages (Ruslovye processi., 1994; Alekseevskiy et. al., 

2000). They differ, in particular, on intensity of changing the area of the Volga river delta Fʜ and its sepa-

rate areas during 1817ī2010. Dependence Fʜ = f(ʊ), where ʊ ī duration of delta evolution, till 1977 had 

increasing nonlinear character. As a result area Fʜ has increased almost in 3 times. Speed of increasing Fʜ 
reached 10ī20 km

2
/year in 1817ī1935 and extremely increased in 1936ī1977 (70ī140 km

2
/year). In sepa-

rate parts of delta changing position of delta marine edge in general coincide with or differed from a main 

tendency of delta development. Speed of increment of delta eastern part in 1817ī1920 was in 2ī2,5 times 

more (9,0 km
2
/year) than speed of increment the western and central parts where it was approximately the 

same (nearby 4 km
2
/year). In 1920ī1935 rates of changing of the deltaôs area (and its parts) coincided with 

process characteristics for the previous interval of time.  

 

 
 

Fig. 2. Evolution of marine edge of the Volga river delta during 1817ï2010 

 

After 1935 the maximum speed of increment was observed in eastern part of delta (till 60 km
2
/year). In 

the western and central parts of delta speeds of process were almost in 2 times less. Further speed of incre-

ment of the western and central parts has decreased a little (30ī35 km
2
/year). In eastern part of delta this 

characteristic has decreased in a greater degree (in 4 times in comparison with the period till 1935). Depen-

dence Fʜ = f(ʊ) had decreasing character from 1978 till 1995. This period has corresponded to reduction of 

the deltaôs area in the conditions of the Caspian Sea level increasing. Thus in the central and east parts of 

delta position of delta marine edge has not changed. The areas of islands flooding more outshore than ma-

rine edge of delta appeared significant only in the western part of delta. The situation also saved after sea 

level stabilization on marks nearby ï27,0 m BS (1995ï2010). 
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The main factor of the deltaôs area changing in a mouth of the Volga river is the changing of Caspian 

sea level. Its enduring increasing was accompanied by linear increase of Fʜ. It indicates by coincidence of 

tendencies of changing Fʜ at fast (1920ī1941) and rather slow (1941ī1977) sea level decrease. The maxi-

mum speed of increase the area of delta Volga corresponds with decrease in level of Caspian sea from the 

marks exceeding ï25,5 m. In these conditions become more active processes of the delta eastern part in-

crement. Similar consequences occur at decreasing the sea level from marks ï27,8 m, when the main in-

vestment in increasing Fʜ introduces increment of the western and central parts of delta. 

There are some periods in development of the Volga delta, when Fʜ has appeared like inverse function 

of sea level ʅ (owing to its increase). Speed of reduction Fʜ differed from speed of its increase at sea level 

decrease owing to floodings. It has appeared considerably less. At sea level position on a mark -27,0 m in 

1998 (level increase) and 1937ī1938 (sea level fall) the delta area accordingly constituted 8000 and 5000 

km
2
. The difference in 3000 km

2 
characterises process of passive and active changes of the delta area, in 

which course marks of islands and different parts of offshore are increased owing to accumulation of river 

deposits. At higher marks of a sea level in comparison with the period of their joining to delta new parts of 

delta are flooded. 

Features of the delta area changing adjusted with change of length of its marine edge L (lengths of the 

coastal line considering a configuration of all gulfs and peninsulas) rather well. The tendency of increasing 

L from 1817 till 1998 was perturbed once. After 1977 the length of marine edge of delta has decreased for 

123 km owing to rising of sea level. During the period concerning smooth decrease in a sea level depen-

dence between L and time ʊ (calendar years) had linear character: L = aT + b where a = 1,13 and b = ï 

1700 m. The more is sea level, the less is L. On the contrary, reducing of sea level was accompanied by 

increasing in length of marine edge of delta. The equation of communication between L and ʅ looks like 

L = b ī a|ʅ|, where factor a = 54,5 m; b = 1000 m
2
. Changing L in time corresponds to changing the area of 

the Volgaôs delta Fʜ. In general case æFʜ/æʊ = j(æL/æʊ). This relation is true for conditions at which change 

Fʜ and L has smooth character. Connection between variables establishes the polynomial equation: 

 

æFʜ/æʊ = 21,6|æL|/æʊ + 1,9(|æL|/æʊ)
2
,                               (1) 

 

From the equation (1) follows that at intensity of increment of the Volga delta æL/æʊ=1, 2 and 5 

km/year its area will increase accordingly for 24, 51 and 156 km
2
/year. 

 

 
 

Fig. 3. Correlation of active and passive mechanisms of increment of the Volga delta in 1817ï2010  
(Vʜ = (æF/Lav Öæʊ), ʉʤ = æʅ/æʊ) 

 

Speed of the area changing process of the Volga delta, carried to average length of marine edge of delta 

Vʜ = æF/(LavÖæt) in less degree depends from irregularity of marine edge of delta. This connection allows to 

reveal relation for mechanisms of evolution of delta at fluctuations of Caspian sea level and of the Volga 

river flow. Level of Caspian sea influences on speed of increment of delta (fig. 3) quite unequivocally. At 

small changes in sea level (æH/æʊº 0) it corresponds to active increment of delta, which is equal, in aver-
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age, 0,02ī0,03 km/year. At significant changes in the level (æH/æʊ > 0,035 ʤ/ʛʦʜ) speed of increment in-

creases owing to passive increment of the delta. If at æH/æʊ = ï 0.05 m/year this process stipulates for 70% 

of the general increment (30% of a linear gain of the area are connected with active increment of delta), at 

æH/æʊ = ï0,15 m/year the mechanism of passive promotion ensures to 90 % of total size of increment of 

marine edge of delta speed. In the conditions of rising sea level (æH/æʊ > 0) function æF/(Lav æʊ) characte-

rises intensity of flooding of seaside region of delta. 

Influence of carrying out of river deposits WR+G in amounts Vʜ is less obvious. At WR+G<10
7
 t/year in 

top of the delta specific speed of changing the delta area Vʜ decreases to the minimum significances 

(0ī0,6 km/year). Involving deposits almost does not influence on lengthening of deltoid arms. Increment of 

delta marine edge is carried out in the conditions of domination the passive mechanism of delta develop-

ment. If value of WR+G exceeds 10
7
 t/year in the conditions of sea level increase, amount Vʜ increases accord-

ing to exponential law. The maximum amount Vʜ in the Volga river delta is 0,5 km/year. In the conditions of 

sea transgression recession of marine edge of delta reaches a maximum at the lowered sedimentary flow. 

 
CONCLUSION 

Changing of the Volga delta area and its marine edge dynamics depends on joint influence of river and 

marine factors (Baidin, 1962). In the last 193 years it is basically caused by significant fluctuations of the 

Caspian Sea level. River factors had the subordinated significance, ensuring minor alteration of process 

characteristics. Position of delta marine edge, it irregularity and increment in the sea was considerably 

changed in time. In XIX century developed east part of delta, in XX century ī central and western are more 

actively. Speed of increasing the delta area reached 70ī140 km
2
/year (at speeds of delta increment of 

1,8ī2,2 km/year). Rising of sea level from 1978 till 1995 has not led to significant changes in a geographi-

cal position of delta marine edge. Connection between changing of the delta area and a sea level has nonli-

near character. Under little change of sea level (less than 0,015 m/year) the delta basically is exposed by active 

increment. If speed of increasing the sea level reduce faster, speed of delta increment increases owing to the pas-

sive mechanism of change of position of its marine edge. If level fall with a speed of 0,05 m/year this mechan-

ism stipulates 70 %, and at speed of 0,15 m/year ī 90% of total lengthening of deltoid arms. Active increment of 

the Volga river delta for last two centuries in average constitutes 20ī30 m/year. 
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In the recent decades with the development of the space information and computer technologies in stu-

dies of the Earth, as a whole, and the oceans and the closed seas, in particular, began new stage. Became 

possible the accumulation of data from the large territories and the observation of the global processes, pro-

ceeding in the atmosphere, on dry land, in the oceans and the seas. These remote data together with contact 

data, obtained by more precise sensors with the small time averaging and discreteness, make it possible to 

more deeply analyze the hydrophysical processes, proceeding in the seas, in particular, in Caspian Sea. The 

number of such contact data which includes the results of the synchronous measurements of specific con-

ductivity, temperature and the pressure, was carried out by the workers of the Institute of Geography of 

ANAS, together with the colleagues from France and Italy.  

These measurements were conducted in the port Absheron within the period since June 12, 2008. until 

September 11, 2009. The time of the averaging of the measured values was 40 sec., and the time discrete-

ness (the time interval between two sequential records) ï 5 min. and were taken 131285N=  records on 

each of the measured values: on the specific conductivity, the temperature and the pressure. Station of mea-

surement was located at a distance by 80 m of the coastline, sensors were mounted on the floor of sea at the 

depth 12 m. The region of measurement are characterized by the moderate flow and turbulent mixing, noti-

ceable pollution by petroleum products (in essence, as a result the operations of oil pumping from the ves-

sels) and by almost always existing in different degree waves. 

The purpose of this work is the preliminary presentation of the results of the spectral and correlation 

analysis of the measured time series of specific conductivity, temperature, pressure, atmospheric pressure 

and sea level. Note that measured data are represented in the convenient computer formats and can be easi-

ly used by the researchers of Caspian Sea. 

 

THE RESULTS OF MEASUREMENTS AND THEIR AN ALYSIS 

The dependences of electrical conductivity C C(t )= , temperature T T( t )= and pressure P P( t )= on 

timet  are given in Fig.1. In Fig.2a, 2b and 3b the dependence on time t  of electrical conductivity, tempera-

ture and pressure are given individually, correspondingly. As can be seen from these graphs, the seasonal 

changeability of the measured values, especially temperature, is clearly outlined. The analysis of correla-

tions between the electrical conductivity C and temperature T showed that there is almost linear connection. 

The correlation coefficient CTR  is very high and 0 96CTR .= . However, the correlations between the elec-

trical conductivity C and the pressure P, and so between the temperature T and by the pressure P are com-

paratively low and they are equal, correspondingly, 0 51CPR .=  and 0 54TPR .= .  

The curve of the time series of atmospheric pressure which was plotted by using the dates from mea-

surements on Pirallakhi island within period 17.07.2008-03.03.2009, is represented in Fig.3c.  

Further, time series of electrical conductivity, temperature and pressure with a length of 455 days and 

the interval of discreteness 5 min underwent spectral analysis. In Fig.4 the spectra (periodograms) 

)(tCS of electrical conductivity (
2p

t=
w

 ï period of harmonic, which has the frequencies w) are given. In 

the spectrum there is a sharp peak with 24t= h, which corresponds to harmonic with the daily periodicity. 

Let us note that the average value and the dispersion of a certain assigned time series are calculated 

from the formulas:  

mailto:ramiz.mamedov@geo.ab.az
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Dispersion can be calculated, also, through the spectrum this time series [1]: 

2

0

X ,Sp XS ( )d

¤

s = t tpñ                                                         (2) 
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Fig.1. The dependence of the electrical 
conductivity C C(t )=  (mS/cm), the 

temperature T T( t )=  (C0) and the pressure 
P P( t )=  (dBar) on time t  

 

 

 

 

 

 

 

 
Fig.2a. Dependence of the electrical 

conductivity )(tCC=  (mS/cm) on time t  

 

 

 

 

 

 

 
 

 
Fig.2b. Dependence of the temperature 

)(tTT =  (C0) on time t   
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Fig. 3a. Dependence of the sea level L L( t )=  (cm) on time t   
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Fig. 3b. Dependence of the pressure P P( t )=  (dBar) on time t  

(1-st day corresponds to 163 day in Fig. 3a) 
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Fig. 3c. Dependence of the atmospheric pressure a aP P ( t )=  (mmHg) on time t .  
(1-st day corresponds to 35 day in Fig. 3b) 
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For the time series of the electrical conductivity i iC C( t )=  average value and the dispersions, calcu-

lated by the formulas (1) and (2), were 10 79C .=  (mS/cm), 2 4 06C .s =  (mS/cm)
2
 and 

2

0

4 05C ,Sp CS ( )d .

¤

s = t t=ñ  (mS/cm)
2
. Closeness of the values 

2

Cs  and 2

C ,Sps  indicates the high accuracy of 

the calculations of the spectrum,CS ( )t, of electrical conductivity. The linear trend of time series of elec-

trical conductivity during entire period of measurements (455 days) is small and is expressed by the equa-

tion:  

12 136 0 0059256ʉ . . t= - Ö,                                       (3) 

where the time it is expressed a day ( 0 455t¢ ¢ days).  

In Fig.5 and 6 the spectra of temperature,TS ( )t , and pressures,PS ( )t , are given. As we see from Fig. 

5, in the spectrum of temperature are weak and sharp peaks, which correspond to harmonics with the period 

of 12 h and 24 h, respectively.  

For the time series of the temperature i iT T( t )= , average value and the dispersions, calculated by the 

formulas (1) and (2) were 16 97T .= (ʉ0), 
2 53 50T .s =  ʉ02. Linear trend of time series of temperature is 

also small and is expressed by the equation:  

18 862 0 0082848ʊ . . t= - Ö.                                          (4) 
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Fig.4. The specter of conductivity CS ( )t  ( )2
( mS / cm ) / min 

However, in the spectrum of pressure are a noticeable maximum at the period 38 mintº , sharp peak 

at 12ºt  h. and weak at 24tº  h. (Fig. 6). In addition to this there are noticeable maximums at 

12 14tº -h. and 16 18tº -h. For the time series of the pressure,i iP P( t )=  average value and the disper-

sions, calculated by the formulas (1) and (2) were 14 95P .= (dBar), 
2 0 02411P .s =  (dBar)2 and 

2

0

0 02410P,Sp PS ( )d .

¤

s = t t=ñ  (dBar)2. Linear trend of time series of pressure is negligible and is expressed 

by the equation:  

14 961 0 000030528ʈ . . t= - Ö.                                                       (5) 
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Fig.5. The specter of temperature )(tTS  ( )
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Fig.6. The specter of pressure PS ( )t  ( )2( dBar ) / min  
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For the exposure of the influence of changes in the atmospheric pressure aP  to the pressure in the water 

P, thereby to sea level L, the correlation coefficients 
aP PR , 

aP LR  and PLR , correspondingly, between the 

time series [ aP ( t ), P( t ) ] ; [ aP ( t ), L( t ) ] ; and [P( t ) , L( t ) ] ; with the daily and monthly averaging, were 

calculated. 

The obtained values of correlation coefficients are given in the table. 
 

Table 
Values of correlation coefficients 

 
Averaging 

 aP PR
  aP LR

  PLR
 

Dayly  ï0.029  ï0.447  0.568 

Monthly  ï0.489  ï0.883  0.756  

 

As can be seen from this table the daily variations of the atmospheric pressureaP ( t ) and pressure P( t )  

on the bottom of the sea are very weakly correlated ( 0 029
aP PR .=- ) quantities, while between the monthly 

fluctuations of pressures there is a noticeable correlation ( 0 489
aP PR .=- ). Evidently this is connected with 

the fact, that the inertial body as sea does no reaction to short-term (day) fluctuations of atmospheric pres-

sure; however, it gives response to its long-period (monthly, seasonal) changes. The negative sign of corre-

lation indicates, that with lowering in the atmospheric pressure aP , sea level, respectively and the pressure 

P, rises, and vice versa. This can be noted, also, from Fig. 3b and 3c. 

Since, the sea level L( t )  and the pressure P( t )on the bottom of sea are proportional quantities, then 

correlation coefficient between them must be very high. However, in terms of the daily average values of 

the quantitiesL( t )  and P( t )  (Fig. 3a and 3b) it proved to be: 0 568PLR .= . This, not very high value 

of PLR , it is possible, is caused by two reasons. Firstly, the measurement of quantities L( t )  and P( t )  were 

conducted at the different points of the sea, where the local morphometric characteristics and hydrological 

regime were different. Secondly, the data about the level L( t ) , taken from the tide gauge under the almost 

permanently existing waves, contains conspicuous errors. In terms of the monthly average values of the 

L( t )  and P( t )  the correlation proved to be: 0 756PLR .= . Evidently, the increase of PLR  was connected 

with the fact that with the smoothing decreases the contribution of the short-term fluctuations, which con-

tain the uncorrelated errors of L( t )  andP( t ) .  

In the spectrum 
aPS ( )t, the atmospheric pressure aP  (Fig. 7a) are obvious maximums at 12tº , 

16tº  ʠ 32tº  days. Comparing this spectrum with the spectrum of the pressure PS ( )t  (Fig. 6) we can 

assert that fluctuation in the time series )(tP  with the periods 12tº , 16tº days are caused by synoptic 

changeability of atmosphere. Let us note that the period of inertia oscillations int , is determined from the 

formula: 

in

E sin

p
t =

w Ö j
                                                                        (6) 

where 
2

E

E

p
w =

t
 is the angular velocity of Earth rotation ( 24E ht = );j ï the geographic latitude of obser-

vation point.  
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Fig. 7. a) The specter of atmosphere pressure 

aPS ( )t ( )2
mmHg / day( )  and  

b) the specter of sea level fluctuations LS ( )t  ( )2
( cm / day   

 

Calculated according to (6), for the latitude 
040j= , the period of inertia oscillations was 

18 6in . hourt = . In the spectrum of the pressure PS ( )t  (Fig. 6), in the hour interval are separated narrow, 

strongly and weakly expressed peaks that correspond, respectively, to fluctuations of semidiurnal 12 4.tº  

h. and daily 24tº  h. periods. As is known, these fluctuations are seiche [2]. The amplitude of semidiurnal 

fluctuation is about 2 cm, and of daily at the level of noise, 3 mm. In the spectra )(tPS  and PaS ( )t , in the 

daily interval are allotted the peaks, which correspond to harmonics with the periods near by the period 

18 6in . hourt =  of inertia oscillations. In the spectrum of the level there are clearly expressed harmonics 

with the annual ( 365tº days), near by the half year ( 200tº days) and seasonal ( 100tº days) periods, 

apparently caused by the climatic factors: the annual changeability of inflow (in essence from the Volga), 

by the intra-annual and seasonal changeability of evaporation and precipitations. 

 

CONCLUSION  

Let us note that further thorough study of the results of spectral and correlation analysis will allow in 

more detail and to more deeply understand the physical factors, which influence the measured values.  
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INTRODUC TION  
Anthropogenic emissions of the major atmospheric pollutants, namely sulphur dioxide (SO2), nitrogen 

oxides (NOx) and ammonia (NH3), are increasing rapidly as industrialization proceeds and the use of fossil 

fuels increases in new geographical areas including the Caspian Region. This causes acidification or eutro-

phication far from the primary source of pollution, thus making it a regional problem and an international 

transboundary issue. Abatement strategies based on the critical load concept resulted in substantial decreas-

es of acidic emissions within Europe, which have led to a lower degree of environmental degradation and 

even recovery in some ecosystems.  

The rates of both dry deposition of particles and occult deposition are largely dependent on surface 

properties and in the case of deposition to forests are rather uncertain [Erisman et al., 1995]. Neither dry de-

position nor cloud droplet interception is easily quantified and many studies have been devoted to an assess-

ment of their contribution to total deposition to forests. However, there is a lack of large-scale, long-term 

measurements in this regard and there is a large gap between the results from field experiments, wind tunnel 

studies, and model estimates [Ruijgrok et al., 1995]. 

In the process of establishing critical loads, soil acidification in forests as well as the influence of upland 

forests on pollutant inputs to catchments needed to be taken into account. Thus, it is important to be able to 

quantify the atmospheric input to forests in a reasonable way. The quantification is necessary on a local 

level to make a linkage between modeled deposition estimates and soil loads. Moreover, if the intent is to 

help protect sensitive areas then there is no substitute for good on-site data [Hicks, 1995]. 

Wet deposition is known to be rather evenly distributed over large areas and its measurement is more 

straightforward than the measurement of dry and occult deposition by using precipitation collectors. The 

exception is in upland areas where orographic enhancement of rainfall occurs and an assessment of the ex-

tent of seeder-feeder effect has to be performed.  

Several methods exist to estimate the dry and occult deposition to forests on small spatial scales. How-

ever, direct measurement of aerosols and cloud droplet deposition is difficult except by micrometeorologi-

cal methods that suffer mainly from their limitation to certain terrain situations. 

This paper reports measurements of the soil inventory of atmospherically derived naturally occurring 

radioisotope 
210

Pb and the anthropogenic one, 
137

Cs, to quantify the effects of aerodynamic roughness and 

orography on the deposition of atmospheric aerosols as particles and/or droplets. This independent tech-

nique may enable improved estimates of the effects of land use on long-term inputs of pollutants in precipi-

tation, cloud droplets or as aerosol. 

 

EXPERIMENTAL METHODS  
Natural and artificial radionuclides present in the atmosphere have long been widely used as atmospher-

ic tracers. These radionuclides are associated with nonradioactive aerosols and hence can serve to trace the 

fluxes of aerosols to various surfaces. Lead-210 and caesium-137 have been shown to be particularly useful 

because they are associated mainly with submicron-sized aerosols, which contain the bulk of the pollutant 

sulfur and nitrogen [Vahabi Moghaddam et al., 2000]. The 210Pb isotope (half-life: 22 y) is the decay 

product of 222Rn, which readily diffuses from soil into the atmosphere. When scavenged from the atmos-

phere along with carrier aerosols, 210Pb and the atmospheric origin 137Cs (half-life: 30 y) are retained by 

the surface horizons of soil that acts as an efficient integrating collector. In soils that are not physically dis-

turbed for several decades, its inventory is at steady state. However, a correction has to be made to the in-

ventory to compensate for any 210Pb that is produced by the in situ decay of 222Rn.
.
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The long-term average 
210

Pb concentration in the atmosphere may be considered reasonably constant. 

Thus, variability in the soil inventory of 
210

Pb provides a direct measure of the local variability in deposi-

tion of aerosols (by wet, dry and cloud deposition). In the case of 
137

Cs, the area of study should be much 

more limited. 

When a steady state between atmospheric supply and radioactive decay exists, the flux of 
210

Pb from the 

atmosphere (FPb) may be obtained as the product of the decay constant (ɚ) for 
210

Pb and the inventory of 

unsupported (atmospheric) 210Pb in the soil profile (I): 

FPb = l     x I 
Bq m

-2
 y

-1 
= y

-1
 Bq m

-2
 

Its unsupported inventory in undisturbed soils may then be used as a measure of total aerosol deposition 

averaged over about 30 years, approximately the mean nuclear lifetime. 

Split-level sampling technique were applied to determine the profiles of 
210

Pb and 
137

Cs to a depth of 30 

cm at selected locations from within the canopy as well as the adjacent open land in Scotland, Sweden, and 

Southern Caspian Region over years. The specific activities of 
210

Pb and 
137

Cs in dried soil samples were deter-

mined by non-destructive ɔ-spectrometry using high resolution HPGe detectors. Measurement of 
214

Pb invento-

ries were also conducted in order to make corrections for the supported 
210

Pb [Branford et al., 2004]. 

 

RESULTS AND DISCUSSION 
Measurement of radionuclides inventories at Dunslair Heights, Scotland, revealed an average canopy 

enhancement in deposition of approximately 37% (see Table 1), which is found to be consistent with depo-

sition estimates obtained from a long-term continuous record of cloud frequency and meteorological va-

riables, and is also in good agreement with the UK model deposition estimates for the site [Crossley, 1988]. 

The measured 
210

Pb inventories at ten sites along a transect in Southwest Sweden (Figure 1) show that 

the deposition increases quite markedly with distance inland to a maximum in upland sites, (G, H & I) 

roughly 20-30 km from the coast and decreases by almost 30% relative to the maximum, at a site about 60 

km from the west coast (site J). This follows the trend in long-term precipitation variation along the tran-

sect. The trend in sulfur wet-deposition calculated from data on its average concentration in rainfall [Gra-

nat, 1990] and sulfur deposition estimates by a regional atmospheric dispersion model developed by Lang-

ner et al. [Langner et al., 1995] show a similar overall pattern. 

The measured radionuclide inventories at six sites along Asalem-Khalkhal transect in the South-west 

Caspian Region show that the deposition decreases with distance from Caspian Sea shore (-20 m asl) up to 

20 km inland at an elevation of about 1000 m asl (locations A ï D in Figure 2), then a quite markedly in-

crease of around 70% is observed roughly 30 km from the coast at an elevation of 2050 m asl (location E), 

and decreases by almost 25% relative to the maximum, at a site about 35 km from the coast at an elevation 

of 1950 m asl (location F). This follows the trend in long-term precipitation variation along the transect 

[IMO, 2009]. Considering the topography and meteorological condition of the site, the increase in deposi-

tion at locations E & F could be mainly due to seeder-feeder effect and occult deposition enhancement. Lo-

cation E is a highly exposed site close to the summit looking towards sea, whereas F is located on the oppo-

site front of the mountain, which could have been less affected by occult deposition. 

 

Table 1 
210

Pb inventories at Dunslair Heights 
 

 Open 

moorland 

Inside the forest canopy 

Sample location DH1 DH2 DH3 DH4 

210Pb inventory (° ů) in 
Bq m-2 

2325 (114) 3121 (557) 3252 (436) 3211 (44) 

Increase under canopy  34% 40% 38% 

Average increase  37% 
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Fig. 2. Mean atmospheric 210Pb soil inventories along the Asalem-Khalkhal transect in the South-Caspian Region 

 

CONCLUSION 
The depth profiles of 

210
Pb in more than 500 collected soil samples demonstrate the efficient immobili-

zation of the radionuclide in the surface horizons of soil and show no evidence of a significant accumula-

tion of atmospheric 
210

Pb below 10 cm depth. The soil inventories of 
210

Pb provide a measure of long-term 

variation in deposition rate of atmospheric aerosols as particles and/or droplets that is operationally easier 

to carry out than the direct measurement by artificial collectors over extended period of time. It appears to 

be particularly valuable in quantifying aerosol and wet deposition processes at sites where conventional 

methods are not applicable. 

Based on measurements carried out in this study, it may be concluded that 
137

Cs has the potential of 

comparisons within a limited region, but definitely not in-between sites largely as a consequence of the 

patchy deposition of this radionuclide associated with the Chernobyl 
137

Cs deposited in 1986. Moreover, it 

is found that it has a high mobility in highly organic and acidic soils. 

Radiotracer study in the South-Caspian Region reveals the susceptibility of high elevated forests of the re-

gion to increasing levels of atmospheric pollutants due to anticipated enhancement mechanisms in deposition. 
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INTRODUCTION  
Investigation of the formation and redistribution of water resources on the Earth's surface is getting 

more important as recently some catastrophic changes occurred in water resources in some regions, includ-

ing the Caspian Sea region. The top-priority question understands of the sea level changes causes and pos-

sibility of its long-term fluctuations prediction. Fluctuations of the Caspian Sea level (CSL), in its turn, are 

also a point of interest as an index of a regional climate change, which is connected with the global change. 

The report evidently demonstrates that present changes of the Caspian Sea level are caused by certain va-

riance of the water balance components and mainly by the river runoff and visible evaporation. That is, to 

our opinion, the point for the choice of method of the long-term Caspian fluctuations prediction.  

 

ANALYSIS OF VARIATIO NS IN THE CASPIAN SEA LEVEL  

Analysis of a wide spectrum of publications on the subject of the sea level fluctuations made it possi-

ble to specify three main groups of methods. 
Methods based on use of correlation connections between the sea level fluctuations on one hand and 

meteorological, geophysical or heliophysical processes on the other. Prognosis in this case is accomplished 

when it is possible to reveal temporal shift between the sea level (or components of the water or heat bal-

ance of the sea) and the predictor (process which is fit for connection). This group could also include the 

works on research of the future Caspian Sea level changes using the method of pale analogies and the 

works studying connections between sea level and the Sun activity characteristics (e.g. with the Wolf num-

bers) or neotechtonics. Those approaches do not exclude the necessarily for a forecasting of accounting the 

increasing influence of human economic activity on the Caspian level regime. 

In spite of some or other connections being evident, their mechanism and theoretical side of the ques-

tion still seem to be unclear. Dependences between the sea level and the atmosphere circulation characteris-

tics also not always give an opportunity to make prognoses for a perspective. At the same time it should be 

noted that in most of the works of the above group the prognosed sea level changes coincided with reality 

for certain time intervals, i.e. predictions are often successful. But periods of quite close connecting of the 

average Caspian level magnitudes with, for instance, corresponding indexes of the solar activity or atmos-

pheric circulation indexes are followed by periods when such connection is broken, changes its sign or is 

absent at all. Actually in spite of quite representative number of publications it is still difficult to expect 

success in predicting by this way of research. Lower we will make certain that change of the sea level and 

its water balance components depend on quite a number of factors, i.e. multifactorial processes for prog-

nosing are often connected with just one predictor (though it is quite possible to receive a high correlation 

between the analyzed processes at some separate sectors of the curves). Forecasting methods connected 

with use of the Earth rotation angular velocity change as predictor seem to be quite perspective [Sidoren-

kov, 1982]. Changes of the rotation angular velocity might take place due to redistribution of mass on the 

Earth and in the atmosphere in time. Being a reflection of some or other mass redistribution the angular 

velocity could be considered as an integral index of changes of main processes going on the Earth. At least 

sharply definite changes of 1978 and 1996, when the certain Caspian level changes took place, are clearly 

seen on a curve of the astronomical day duration change. 

Second group of forecasting combines stochastic and dynamically-stochastic models, the essence of 

which is the probable description of the sea level fluctuations based on understanding of generating climat-

ic and hydrological factors as the stochastic processes. Stochastic water body model is usually considered 

as mathematical model of the water level fluctuations in a reservoir interpreted as a hydrological system 

with two income processes ï river inflow and visible evaporation from the water surface. Modeling of 
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those characteristics rows allows to study the sea level variability in natural conditions of the hydrological 

regime forming as well as under its different irregularities. Linear dynamically-stochastic model is widely 

acknowledged for description of the Caspian Sea level fluctuations (supposition of the linear dependence of 

the sea surface area on its level, what in case of the Caspian Sea is accomplished according to A.V.Frolov 

[2003] with sufficient approximation). 

Not less important assumption for that models class is hypothesis about stationary of the river inflow 

and visible evaporation, though bringing to strongly unstationary realization of the sea level fluctuation. 

Stated should be that the determinant for the predicted conditional mathematical expectation for the sea 

level is admission of some or other average water balance magnitudes relationship. 

Long-term prognosis of the Caspian Sea level fluctuations should be based on prediction of the main sea 

water balance components: summary river flow, subsoil flow, visible evaporation from the sea surface, irre-

trievable losses from the water flow into the sea. Stochastic character of the long-term fluctuations of the 

sea-water balance components presumes only probabilistic estimation of the sea level regime parameters 

for perspective, and these estimations should be considered as tentative.  

Decrease in the Caspian Sea level was predicted by Ratkovich [1994], contrary to that, of Golitsyn et 

al.[1998] (where a similar approach is used) the sea level was supposed to rise up to 2010.  

Probably the nature of the (CSL) change is too complicated to solve the problem of its variability pre-

diction within the frames of the linear dynamically-stochastic model. At the same time we should mention 

that the followers of stochastic modeling seem to feel rather critical towards the first group of publications 

(though they motivate this criticism rather logically). 

Principally new ways for the long-term Caspian level change forecasting become possible with the use 

of the big climatic models, which are being actively developed during a last decade due to solvation of 

problem of the global and regional climate changes. With that modeling of the Caspian level fluctuation 

changes of a regional basin climate are considered according to the global climate change.  

Global modeling studies of the Caspian Sea level (CSL) response to climatic forcing are reported by 

Mokhov et al. [2003, 2005], Arpe et al. [2000], Arpe and Roeckner [1999], and Golitsyn et al. [1995].  

Using results from future GHG scenario experiments performed with the MPI-ECHAM4 AOGCM, 

Arpe et al. [1999] analyzed changes in the hydrological cycle over several basins, including the one of the 

Caspian Sea. They estimated a rise in CSL because of increased runoff from the Volga basin resulting from 

a change in the winter circulation bringing more precipitation over the region.  

However, the authors were careful to note that the robustness of their results was limited by the relative-

ly coarse resolution of the model (2.5Ü horizontal grid resolution) and the fact that the Caspian Sea was not 

represented at this resolution. Similarly, using 21st century simulations from global climate models, Mok-

hov et al. [2003, 2005] found increases in winter precipitation over northern Eurasia including the Volga 

and Caspian basins. 

Later Elguindi and Giorgi [2006] calculated possible changes in CSL for the 21st century under differ-

ent greenhouse gas (GHG) emission scenarios (the IPCC A1b and A2). The majority of models predict a 

steady decreasing trend in the CSL under both scenarios, with no period of stabilization or recovery. Only 

two models predict an increase in the sea level, the CNRM-CM3 (A2 and A1b) and the CSIRO-MK3 (A2 

only). This large CSL response is due to a large increase in evaporation over the basin. 

New climate change studies of this region (accomplished by Meleshko et al, 2008) show that according 

to the 7- models' (IPCC) composition of the general atmosphere and ocean circulation there will be practi-

cally no change of the Caspian Sea level in the XXI century. 

Evaporation over the sea is a very important component of the basin water budget [Panin, 1987, Goli-

tysn et al., 1995], and for the ensemble average it comprises over 40% of the total evaporation-transpiration 

contribution to CSL change. Differences in how evaporation is parameterized in the models can have a sig-

nificant effect on projected changes in the CSL. 

The previous investigations [Golitsyn, Panin, 1989] have shown that changes in the water-balance com-

ponents account for only 90% of the current sea-level variations of the Caspian Sea. There may be a num-

ber of factors that induce the indicated imbalance, but we supposed that it could have been caused by an 

insufficiently correct calculation of the evaporation from the shallow northern Caspian. An overview of the 

methods of calculation of evaporation and the heat and energy exchange has demonstrated that the state-of-

the-art models of the heat and mass exchange between a basin and the atmosphere do not take into account 
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the small-scale interaction between the shallows and the atmosphere. The point is that waves in shallow 

water are steeper than in the open and deep-water parts of the sea and break earlier (at lower wind speeds). 

These peculiarities must lead to an increase in the aerodynamic roughness of the water surface and, conse-

quently, to a more intense turbulent exchange of momentum, heat, and moisture. It is possibly due to these 

conditions that the Kara-Bogaz Gol, after it became isolated from the Caspian in 1980, was drying up al-

most twice more rapidly than expected. The overview has also shown that a reliable method of estimation of 

the evaporation and heat exchange of shallow lakes and coastal areas does not exist so far. Investigations have 

been carried out both experimentally and theoretically. 

We now consider the new estimates of the role of the depth in evaporation from the northern Caspian. 

According to ([Panin et al., 2006]1), in natural conditions (within the range of actual wind velocities) eva-

poration and friction velocity from shallow waters theoretically might exceed by more than 1.5 times its 

usual magnitudes for deep waters.  

Overall, our theoretical generalizations and experimental investigation of the role of the basin depth in 

the intensification of evaporation, heat exchange, and water-surface friction and first estimates of the role 

of this factor in the evaporation from the northern Caspian strongly suggest that the new model is universal. 

On the one hand, the results indicate a significant influence of the basin depth on the intensity of energy 

exchange in natural conditions. On the other hand, the examples presented illustrate a good agreement of 

the model calculations with experimental data. In real conditions, with the use of direct data on the depth, 

area, and wind frequency, the correction for the shallow-water effect gives an increase in the resultant eva-

poration from the northern Caspian above 10%. 

Principal features of rearrangement of the surface atmospheric circulation in the Caspian Sea region. 

Here, it is supposed to develop investigations of temporal variability of local hydro-meteorological charac-

teristics and of their possible connection with global climate changes.  

Let us write the system of two equations: 

dH/dt = RF + PL ï EL +GF,                                                            (1) 

dW/dt + AF1 ï AF2 º P ï E                                                           (2) 

Equation (1) characterizes the water balance of the closed water body. Equation (2) characterizes the re-

gion water balance, including the water body itself and its basin. In equations: RF- river run-off, GF ï under-

ground run-off, W ï moisture content of atmosphere above the basin, AF1, AF2 ï horizontal moisture fluxes. 

Let us assume, as in the case of the Caspian Sea GFº0.01EL, we find that the water level change may be 

determined from: 

dH/dt º dW/dt + AF1 ï AF2.                                                          (3) 

From (3), in particular, it follows that the water level change essentially depends on horizontal transfer 

of the air mass, and the direction of its transport. 

Thus, as we have shown, the above analysis in combination with the trend of wind velocity value, gives 

us a basis to assume the possibility of the certain trends existence and wind direction changes in the envi-

ronments of the Caspian Sea. Clarifying of these circumstances is the primary task of new investigations to 

find out the causes of the Caspian basin evaporation, precipitation and sea level changes. 

The investigations of Panin et al. (2003) allowed diagnosing the formation and development of steady 

directional changes in the intensity processes of interaction between the underlying surface and the atmos-

phere (including evaporation) in the Caspian Sea region during nearly the 20-year period of the sea level 

rise. It is found that the global climate nonstationarity manifested itself in the Caspian Sea region during the 

last decades in the essential rearrangement of the surface atmosphere circulation. In the region as a whole, a 

tendency towards a decrease in the wind speed in the surface layer of the atmosphere is observed.  

Against this background, trends in the mean monthly wind speed vary with wind direction and sea-

son. A steady, statistically significant trend towards a decrease in the speed magnitude of the winds of 

zonal directions is found. The above results show that in the studied region a steady, statistically sig-

nificant decrease is observed in the speed of surface winds of meridional directions, where speed is 

about 20% higher than the speed of winds of other directions. This rearrangement of the atmospheric 

dynamics in the interaction layer is the physical basis for the formation and development of present 

tendencies in the rate of interaction between the atmosphere and the underlying surface and, as a con-

sequence, in the Caspian Sea water regime. 
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Summing up the results we note that for predicting of the sea level change it is important to consider not 

only the temperature influence but also the cyclic specifics of the air fluxes movement (changes of direction 

and velocity of the surface wind). Moreover, transfer of the atmosphere circulation brings to even more signifi-

cant evaporation changes (approximately by 3 times) than those of the regional warming in the 21-st century. 

The estimates of possible climate changes in the current century made with the use of numerical models 

of general atmospheric and oceanic circulation, which yield a linear or logarithmic dependence between 

changes in air temperature and the concentrations of greenhouse gases in the atmosphere can be essentially 

modified if the formation mechanism of climate changes connected with round-robin mechanism is ac-

counted for in the models. This approach to the problem of the Caspian level changes prediction is rather 

laborious method though quite promising. 

Our new scenario [Panin 2009, Panin et al. 2009] of possible climate changes during the XXI century, 

based on composition of the ñgreenhouseò and ñcyclingò effects practically represents the linear tempera-

ture growth which is complicated by quasi-periodic changes of the 30 years period. From it follows that 

differing from the IPCC prediction according to which continuous temperature increase should be expected 

in the northern polar zone, there already came the period of temporal cooling, which according to our sce-

nario, would be in approximately 30 years replaced by the drastic warming. The amplitude of quasi-

periodic fluctuations should decrease with moving away from the poles and, getting closer to the tropical 

zone, the suggested scenario of the temperature change will practically not differ from the IPCC prognosis.  

Such a scenario will most likely be realized also for the Caspian Sea. It could be expected that approximately 

up to the 2030 year the sea level will slightly go down, after what a new 30-years sea level increase will start. 
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INTRODUCTION  
Caspian Sea level has long been a subject of scientific interest. It received special attention after 1929 due 

to a fast and significant sea-level drop (between 1929 and 1977 the sea-level dropped from -25,9 m to -29,02 m 

absolute scale, that is by more than 3m). Later in the 1980s and 1990s, this interest was caused by a rapid and 

significant sea-level rise (2,36 m between 1978 and 1995 reaching an  absolute level of -26,66 m in 1995). Such 

sea-level changes could not but influence the infrastructure of the economic activity and living conditions for 

people in the coastal areas. In fact, the sea-level drop in 1930-70s caused the exposure of a territory of more 

than 48 km
2
, which exceeds the entire area of countries such as Denmark or Estonia. The subsequent sea-level 

rise in the end of the century caused flooding of territories larger than the size of Belgium or Moldova.   

The sea-level drop in 1930-70s led to a number of negative consequences (7). Fisheries suffered the 

most due to sharp decrease in the fish feeding areas and decrease in natural spawning grounds. In the 30s 

when sea-level was -26 m on the absolute scale, out of the entire fish yield, which comprised about 500 

thousand tons, almost 90% were fishes of high commercial value (sturgeons, ordinary large fish, Caspian 

roach, herring). In the 70s, when Caspian Sea level was -28,5 m on the absolute scale, out of the same fish 

yield, valuable fishes comprised slightly more than 20%, mainly due to artificial breeding of sturgeons. The 

forecast was for further sea-level decrease. This was the dominant scientific standpoint in those days, which 

was officially accepted by decision of the special section of the USSR Academy of Sciences (1933), which 

was devoted to the problem in the Volgian-Caspian area. Accordingly a plan was developed to block the 

connection via the strait of the Caspian Sea and the Kara-Bogaz-Gol Bay. 

This was implemented only in the 1980s, when the Caspian Sea level already started to rise. Another 

project planned in those days aimed to partially re-direct the northern rivers runoff to the Caspian Sea ba-

sin, and this one also had just commenced in the 80s. Another example demonstrates the existing predic-

tions of the 70s. According to a feasibility study for the re-direction of the water flow from Pechora to the 

Volga River (Gidroproekt, 1975), the calculated sea-level values of the Caspian Sea were: -28,95 m abso-

lute scale for 1985, -29,3 for 1990; and -30.1 for 2000, while in reality the sea-level was at an absolute lev-

el of -27,1 m, that is 3 m higher than forecasted. 

Nonetheless, much worst damage to the economic activities was caused by the Caspian Sea level rise in the 

1980s to early 90s (7). Large territories, especially in the northern (flat country) part of Dagestan, Kalmykia and 

Astrakhan regions became the flooding and underflooding zones. Sea-level rise negatively impacted the cities of 

Derbent, Kaspiysk, Makhachkala, villages of Sulak, Kaspiyskii (former Laganô) and other smaller populated 

areas. Major areas of the farmlands, situated on the inundated areas after the 1929 sea-level drop, were flooded 

or underflooded. Roads, power lines, engineering structures of industrial plants and public utilities were washed-

out and underflooded. Fish farming in the Volga Delta was on the brink of collapse. Dominance of negative con-

sequences over the positives (such as increase in the catch of the Caspian roach, herring and pikeperch as a result of 

the improved conditions for their reproduction) made many people talk of the ecological catastrophe. Measures to 

protect the national economic property and settlements from the advancing sea were starting to be developed.   

 

CAUSES OF SEA-LEVEL CHANGE  
Analysis of recent sea-level changes in the Caspian Sea and their economic consequences result in three 

major questions: 1 ï How unusual are these sea-level changes? 2 ï What are the reasons for sea-level 

change? 3 ï Is it possible to forecast the Caspian sea-level for the nearest and distant future and how impor-

tant are geomorphological investigations in solving this problem?  
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Paleogeomorphological reconstructions, based on multiannual detailed geologic and geomorphologic 
investigations of the Caspian coast, show that temporal sea-level changes of the Caspian Sea is a normal 
phenomenon of the unstable state of the enclosed body of water with changing conditions at its outer boun-
daries. Therefore, there is nothing unusual in the recent sea-level changes of the Caspian and, from the 
viewpoint of natural history such changes are not leading to an ecological catastrophe.  

Among the mechanisms influencing the Caspian sea-level change are geological and climatic forces. 

Geological mechanisms include, on the one hand, processes leading to the changes in the basin volume 
(tectonic activity, sediment accumulation), on the other hand processes affecting the Caspian water balance 
(submarine discharge of groundwaters, or the other way around, absorption of the waters by the under-
ground layers during the alternation of tectonic phases of compression and expansion). 

There are no grounds to consider that Caspian Sea level changes as a result of sediment accumulation 
decreasing the basin volume. Firstly, this is a one-way process, while sea-level change is an oscillating 

process. Secondly, the rate of sediment accumulation in the basin is several times slower than the observed 
rate of the sea-level change. According to available data, modern sedimentation rate is 1 mm/yr, and aver-
age rate of the Caspian Sea level rise in 1978-1995 was 13 cm/yr and in certain years (1979, 1991) ex-
ceeded 30 cm/yr. As one can see, these values are incomparable. (By the way, it is noteworthy, that the in-
creasing water use from the rivers supplying the Caspian in the first part of the XX century was to have 
influenced sea-level and could led to its decrease and not to its rise, which started in 1978.) 

Seismic deformations, which are registered only in the vicinity of the earthquake epicenter, and become 
weaker with increasing distance, cannot have any significant influence on the volume of the Caspian Sea 
basin (2). Similar to seismic deformations, changes in the bottom surface occur as a result of the mud vol-
cano activity, but they occur locally and cannot affect the sea-level.  

Among geological factors, controlling the sea water balance is the groundwater outflow. The majority 
of researchers consider that the groundwater outflow comprises an insignificant part out of the total (the 

surface outflow is 4-5 km
3
) and cannot significantly affect the sea-level, especially, since according to the 

available data, the total outflow amount is a relatively constant value. However, in a number of publications 
(8) there is a hypothesis that the alternation of tectonic compression and tension in the rocks underlying the 
Caspian Sea floor leads to either squeezing of the waters out or to their absorption, which results in chang-
ing sea-level. At the moment there is no evidence supporting this hypothesis.  

According to (1), there is a contradiction, which is undisturbed stratification of the silty waters, pointing 

to the absence of major migrations of the water through the bottom sediments. Secondly, for the flows to possi-
bly change the sea-level, we need to allow for such high volume and speed for squeezing the water out, as well 
as for their own different temperatures, degree of mineralization, brine content (during the period of sea-level 
rise more than 900 km were added, R.G.), that in these areas there must be massive hydrological, hydrochemical 
and sedimentation anomalies. And, as far as we know, there have not been registered any of such anomalies on 
the Caspian bottom waters. It is also noteworthy that the mechanism of periodical large-scale groundwater un-

load into the Caspian has not been yet explained according to geologists themselves (4).  
The question of the tectonic influence on the Caspian Sea level is more complex. Undoubtedly tectonic activ-

ity played the defining role on the initial stages of the sea basin depression formation. Tectonic activity was also 
important in its later evolution, which is evidenced by the deformation of the ancient Caspian marine terraces 
and location of synchronous layers   of shallow-water marine sediments at different hypsometric levels, or for 
instance the east-western shift of the Caspian basin within the Quaternary period by tens of kilometers. Anoma-

lies of the geodesic and sea-level measurements support the tectonic hypothesis. According to these anomalies, 
tectonic movement rates can reach 5-7 cm/yr, and can significantly contribute to the sea-level change. However, 
if one takes into consideration, that the Caspian basin depression is located within the geologically heterogenous 
territory, and as a consequence these movements will have a non-linear, periodical character with multiple 
changes in direction, that is not very likely that it will lead to high amplitude changes in the volume of the basin. 
Such type of movements will eventually lead to self-compensation.  

The fact that coastal forms of the New Caspian transgression along the entire Caspian coast (except for 
some brachyanticline folds within the Absheron Archipelago) are located at the same hypsometric level 
evidences against the tectonic hypothesis. Stability of the volume of the Caspian basin depression during 
the Holocene was confirmed by another special investigation (5).   

The main factor defining the Caspian Sea level in the Holocene and during the last decades is the cli-

mate change within its basin and water area. Multiple data from field and laboratory studies prove this. 
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Thus, comparison of transgressive and regressive horizons of the bottom sediments in the Caspian Sea 

shows that they were accumulated in different environments: during the transitions from warming or cool-

ing, increasing or decreasing humidity (1). There is a tight link between the components of the water bal-

ance, which was pointed out by many researchers, and also supports this point of view. Climatic or water-

balance concept of sea-level change in the Caspian is supported by quantitative data. Within the centennial 

period of observations of the Volga River runoff, the correlation coefficient between the sea-level and the 

differential integral curve of the  Volga runoff was 0,73. Volga runoff comprises not less than 80% of the 

entire river runoff to the sea and about 70% of the incoming part of its water balance. If we exclude years 

with small sea-level changes (1900-1928), then the correlation coefficient will rise up to 0,85. But if for the 

analysis we select periods with fast sea-level drop (1929-1941) and sea-level rise (1978-1995), then the 

average correlation coefficient will be 0,987 (3). According to calculations, these results will remain the 

same even if we start our estimation of the runoff and sea-level not from the year 1900, but from any other 

year. That is, to prove the causes of Caspian Sea level change, at least during the periods of its fast rise or 

drop, it is sufficient to analyze the link between the levels and ordinates of differential integral curve of the 

Volga runoff and there is no need to use geological hypothesis. Quantitative link of the sea-level with water 

balance is well traced when comparing the calculated values with actual increment of the level: it varies 

between 0,3 and 1,8 cm/year. All abovementioned does not imply that there is no need to study other fac-

tors, which in the interaction between each other in different circumstances can influence the sea-level. 

 

PREDICTION OF THE SE A-LEVEL STAND  
We still need to answer the third and the most important question about the forecast of the Caspian Sea 

level. As a result of recognition of the climatic nature of the Caspian Sea level changes within the last cen-

tury, the forecasts of the sea-level were mainly based on water balance estimates. There were a lot of such 

forecasts, but since they were based on probabilistic methods, they did not achieve good results for the 

lack of the theory and absence of training in long-term forecasts of climate change on vast territories. The 

same way, consequences of the supposed climate warming are clear neither for the Caspian basin depres-

sion, nor for its water area. Slightly more reliable are the forecasts based on Solar-Earth linkage and the 

changes of the global atmospheric circulation. 

To solve the question of the Caspian Sea level we are using the paleogeomorphological approach, based 

on the detailed study of the geologic and geomorphological structure of the coast. Upon studying the areas 

close to the mouths of the river valleys in the Dagestan and Azerbaijan coastal areas of the Caspian, and upon 

establishing the absolute levels of the basal horizons of the ingressive New Caspian terraces, which include ma-

rine and alluvial sediments, we came to the unpopular conclusion in the 1970s that the Caspian Sea level, which 

at the moment was at the level of -29 m, was not going to go down any more and was more likely to rise. This 

forecast, as we know now, proved to be correct (this method is described in detail in chapter 6). 

In the last decades of the XX century, when the Caspian Sea level started to rise, in the majority of stu-

dies the forecast was for almost linear or even accelerating sea-level rise reaching -25 or even -22, -21 m on 

the absolute scale for the beginning of the XXI century. The paleogeomorphological method in this case 

also allows a definite point of view. Based on our data on hypsometry and structure of the ingressive ter-

races in the mouth areas of the rivers falling into the Caspian, together with tacheometric levelling of the 

New Caspian marine terraces and the data on the absolute geochronology, we came to the conclusion, that 

within the last 2,0-2,5 ka, that is from the beginning of the Subatlantic chronozone of the Holocene, the 

Caspian Sea level was never higher than -25 m on the absolute scale. It is well-known that at about 2,5 ka 

there was a transition from Subboreal to Subatlantic chronozones. Since then the formation of the modern 

natural environment for the territory of the Caspian basin started, and correspondingly also of the modern 

or similar to modern water balance properties, which allows us to extrapolate our paleogeographical data to 

the modern epoch and to come to the following conclusions: 

 

CONCLUSIONS 
1. In the nearest future the Caspian Sea level will not exceed -25 m on the absolute scale, and consider-

ing economic activity and peculiarities of the coastal relief it is not likely to exceed -26 m on the absolute 

scale. This forecast is being confirmed: since reaching the level of -26,6 m in 1995,  the Caspian Sea level 
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has dropped by 0,55 m, although there were minor oscillations, and by the beginning of 2010 it is at the 

absolute level of -27,21 m. 

2. In the climatic conditions typical for the Subatlantic time interval of the Holocene, the Caspian Sea 

level oscillations between -30 and -25 m on the absolute scale represent a normal phenomenon and from 

this point of view it does not lead to an ecological catastrophe. When planning and developing economic 

activities in the coastal zone this range of oscillation (ñhazardous areaò) needs to be taken into considera-

tion (of course, wind-induced sea-level changes in the shallow-water areas must be considered also). The 

reason for loss of resources for the national economy is not the sea-level rise, which started in 1978, but 

thoughtless developing of the coastal zone exposed after the sea-level drop after 1929, that is the area be-

low ï26 m on the absolute scale.  

To support the abovementioned we can refer to the situation that occurred on the Caspian coast in the 

beginning of the XX century (when the sea-level was more than 1 m higher than modern) and at the end of 

the XIX century (when the level was 2 m higher than modern) and it was not interpreted as an ecologic ca-

tastrophe. During these high level stands neither of the cities of Makhachkala, Derbent, the village of Kas-

piyskii (former Laganô), nor other settlements located at the parallel laterally extended ridges were nega-

tively affected. Along the Caspian coast there were tens of fisheries, and more than 0,5 million tons of 

commercially valuable fishes were caught. Higher sea-levels compared to modern occurred in the XIII-XIV 

and in the XVII centuries. Meanwhile, Astrakhan for example is known since the middle XIII century and 

in the XIII-middle XIV centuries there was a capital for the Golden Horde ï Sarai Batu.  

This and many other settlements on the Caspian coast did not suffer from the high sea-level stand, since 

they were thoughtfully built on the elevated locations. It is possible to give more examples of the ñguil-

tlessnessò of the Caspian in the negative consequences observed today. Thus, the intensive wash-out of the 

coast in the city of Kaspiysk is caused by the unreasonable construction of the port at its southern end, its 

wharfs  are blocking the southward alongshore movement of the alluvium.  

The stairs and other constructions, which changed the natural slope incline, also contribute to the wash-

out. Intensive abrasion of the isthmus of the Agrakhanskiy Peninsula is mainly caused by the fact that after 

the manmade straightening of the riverbed of Sulak River in 1957 this part of the coast no longer received 

marine alluvium. The Astrakhan-Kizlyar railroad is under the threat of wind-induced shallow-water sea-

level rise, since it was built without allowing for the sea-level rise. And there are more examples of unrea-

sonable economic activity. 

3. With average water balance parameters in the Caspian for the XX century: the river runoff ï 

288 km
3
/yr, visual evaporation ï 77,3 cm/yr (taking into consideration the geomorphological structure of 

the Caspian basin and coast), its sea-level will tend to reach -27,5 (Ñ1,5m) 

4. The paleogeomorphological method does not give precise chronological reference points of the Cas-

pian Sea level stand, however, this is true for any other method. Though this method is based on the de-

tailed analysis of the geologic and geomorphologic structure of the coast that is on the actual data, reflected 

in the landforms and the sediments they are made of, in its information value it is not a less, but in fact a 

more reliable method to forecast the Caspian Sea level for the nearest and distant future, than calculated 

probabilistic ones. 
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There is an opinion that a number of islands in the Northern Caspian (Tyuleny Island, Maly Zhem-

chuzhny Island, Nordovy Island, Chechen Island and Chistaya Banka Island) were formed comparatively 

not so long ago ï the end of the 19
th
  ï the middle of the 20

th
 centuries.  çThe important feature about all 

these soils is their "youth", i.e. their age does not exceed 150 years that is limited by the age of the island 

itselfè (Leontiev, 1957; Badyukova, etc., 1995; Gennadiev A.N., etc., 1998).  

Tyuleny Island is located in the western part of the Northern Caspian, in hundred kilometers from the 

coast of Daghestan (N: 44
0
 28

/ 
25

//
, E: 47

0
 28

/
 59

//
). Tyuleny Island has the oblong form focused from the 

north to the south. Its diameter is about 5 km on the average. The northern part of the island is a little bit 

raised and there is a ring-shaped shelly sand bar on its relief which consists of two sickle curved bars of 3-5 

m in height. From the north the bar is bordered with sickle curved ridges. Downturn between the ridges 

usually has a flat surface and, as a rule, they represent an original surface of shells but sometimes they are 

occupied by saline soils. 

Nordovy Island is located in the Kizlyar Gulf, about 18 km. to the east from the coastline. It is a reed 

zone of several square kilometers with a small firmament in the form of seashells on the eastern tip of the 

island. The size of the land depends on the level of water in the sea. In turn, the water level varies accord-

ing to the direction and strength of the wind. To the east of the island there is a shallow extending to several 

hundred meters. Tyuleny Island is located in 40 km to the east. 

For the first time biocomplex scientific researches were carried out at Tyuleny Island from June, the 5th 

till June, the 20th, 2009 and at Nordovy Island in 2010. 12 persons participated in the expedition among 

which there were experts on botany, zoology, soil and ecology. The primary goal of the expeditions has 

been devoted to biodiversity study and geomorphologic and soil-geochemical researches. The researches 

covered all typical areas of the islands. While collecting the material they used modern traditional tech-

niques (manual gathering, mowing, light traps and digging traps). They also laid soil cuts under the stan-

dard. To determine the dynamics of fly of different species light traps with quartz radiators were set in 4 

extreme points of the island and hourly shootings were made. However the biggest emphasis in the re-

searches was made on Barberôs traps with the intensification of the light source. Digging traps operated for 

14 days (all day and night long) and were changed every 3 days. 966 Barberôs traps were set in the center 

and in the tip of the island. During the expedition 13678 species of various invertebrates were collected 

with the help of Barberôs traps (Table 1). 



Palaeoclimatic and palaeoenvironmental changes in the Caspian Region 

 61 

Table 1 
The quantitative analysis of some insects in Barberôs soil traps at Tyuleny Island 

 

Regular Groups  Barberôs Trap Barberôs trap with intensification 

of the light source 

Mantis 1 3 

Diptera 2 9 
Coleoptera 938 6206 

Ticks 4 - 

Molluscs 6 2 

Wood lice 20 4 

Spiders 308 517 

Hymenoptera 855 1490 

Hemiptera 6 1038 

Orthoptera 90 160 

Homoptera 4 162 

Neuroptera 8 38 

Staphylinidae 11 130 

Dragonflies 3 35 
Earwigs 96 1 

Lepidoptera 16 1515 

Total 2368 11310 

 

Table 2 
The quantitative analysis and comparative characteristic features of the fly of nocturnal and 

crepuscular insects 

 

Group of Insects  Tyuleny Island Nordovy Island 

Lepidoptera 3942 10299 

Neuroptera 5 2 

Coleoptera 12664 8164 

Diptera 13084 39011 

Hymenoptera 385 1 

Homoptera 210 2 

Orthoptera 3 18 

Dragonflies 231 263 

Spiders 2 - 

Staphylinidae 327 626 

Hemiptera 105 760 

Total 30958 59146 

 
During the expedition comprehensive biological studies on biodiversity were carried out including noc-

turnal and crepuscular insects. For these studies they used a model of the light trap proposed by Abdurah-

manov G.M. (1967). 

Expedition survey and selection of soil samples were made in different areas of Tyuleny Island. In total 

13 cuts were laid. It is necessary to agree with the detailed description and the characteristic of soils which 

are close to our data presented in Gennadiev A.N.'s work, etc., 1998. 

Soils of the island can be divided into the following groups: 

1.   Underdeveloped aeolian sandy soils of autonomous position locating on sandy bars; 

2.   Sulfide saline soils (Kasimov N.S., 1988), soils of subordinate positions locating on the edges of 

desiccation lagoons;  

3.   Underdeveloped sandy ferruginous soil locating at the foot of sandy bars; 

4.   Underdeveloped meadow saline soils formed in shallow downturns after regression of the sea; 
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5.   Underdeveloped hydromorphic sandy soils formed at flooding on the flat or raised areas; 

6.   Underdeveloped hydromorphic sandy saline soils formed during strong flooding near lagoons on 

sloping areas or small downturn. 

Due to the fact that automorphic soils develop under arid climate (semi-desert), on a poor sandy substra-

tum and accordingly under the poor vegetation growing on transplanted sands humus content in them is 

extremely small and the humus horizon is only 1 ï 2 cm. 

 In our opinion the increase of heavy metals content in soils at Tyuleny Island can be explained by the 

fact that in connection with the surge processes a large territory of the coastal part of the island is annually 

flooded that leads to ecological changes. The top horizons of flooded soils in comparison with not flooded 

ones contain high quantity of heavy metals (Zn, Cu, Pb, Cd, Ni). 

Our researches on Tyuleny Island revealed 148 species of higher plants. In structure of vegetation cover can 

be distinguished the following features: availability of areas both with dense vegetation and with very sparse. It 

is necessary to point out that all the leading families are specific to the Iran-Turanian and Mediterranean floristic 

region Besides there are families that are specific to the Central Asian deserts. They are: Tamaricaceae, Franke-

niceae, Elaeagnaceae, Apiaceae, Boraginaceae and types ï Artemisia, Salsola, Suaeda. At the same time a num-

ber of desert sorts that are typical of the Central Asian deserts in general is absent (Haloxylon, Acantolimon, 

Ammodendron, Krasheninnikovia, Cousinia). Such families as Ranunculaceae, Cyperaceae, Caryophyllaceae 

make related the flora of the Caspian region with areas of the Boreal floristic region.  

Biotopes of the island are strongly contrasting in terms of moisture and soil salinity. In this regard the 

species are characterized by significant environmental adaptability. Thus, in conditions of excessive mois-

ture the group of water and shoreline aquatic plants from the Ceratophyllaceae, Hydroharitaceae, Lemna-

ceae, Najadaceae and Typhaceae families is widespread. Many types of Chenopodiacea family are adapted 

to the terms of the excessive salinity. 

In general the eastern part of the island is characterized by the dominance of the Poaceae family species. 

Hydrophilic part of the island is not characterized by high variety of species or particular structure complexity 

of the communities themselves. The predominant part of the island is represented by solid monodominant 

thickets of Phragmites communis. These thickets basically grow on the lower parts of the island which are 

flooded with water at the south-east winds. Sometimes the dominant of plant communities of this part of the 

island are species from the Cyperaceae family such as Bolboschoenus, Juncus and Schoenus. 

Plant communities on the periphery of the western part of the island (except for its north-west coast) are 

similar to ones described above. Since the western part of the island is the most elevated zonal types of ve-

getation communities typical of the eastern coast of the Caspian Sea are widely spread there. In general 

they can be called semi-desert type of vegetation.  

The vegetation of the desert part grows on the sands and consists of the groups of halophytes: Halocnemum 

strobilaum, Kalidium foliatum, Halostachys caspica, Solicornia europea, Suaeda confuse, Frankenia hirsute etc. 

Sagebrush communities that occupy about 75ï80% of the western territory of the island are the most 

common semi ï desert in this part of the island. Sagebrush groups grow on the non-saline, slightly saline 

and saline sands. Sagebrush communities are presented by a great number of pure sagebrush groups that are 

adapted to the different habitat conditions (with deep-seated groundwater), mixed groups such as Botrioch-

loa, Stipa, Koeleria and other cereals and saltwort on saline areas. 

Sagebrush halophytic, sub-shrub and minor-shrub and semi ï desert groups are widespread in the cen-

tral part of the island. They develop on the soil with a close bedding of mineralized groundwater and salt 

marshes. They are presented by formations with different species of Artemisia and sub-shrubs of the Sueda 

and Solsola families. 

The variety and areology of animal groups of the present time (spiders, Coleoptera and Lepidoptera) is 

sufficient enough to evaluate the various opinions of authors mentioned above on the age and origin of 

these islands. 

Fauna of spiders of Tyuleny Island includes 74 species belonging to 49 types and 16 families. 8 spe-

cies were identified but not yet described as new ones for science. 8 species turned to be new ones for the 

fauna of Daghestan. They are Simitidion, Hypsosinga, Singa, Evippa, Devade, Liocranoeca, Leptodrassus, 

Mendoza and 23 species ï Simitidion simile (C. L. Koch, 1836), Hypsosinga pygmaea (Sundevall, 1831), 

Larinioides folium (Schranck, 1803), Singa hamata (Clerck, 1758), Singa nitidula C.L.Koch, 1844, Evippa 

apsheronica Marusik, Guseinov et Koponen, 2003, Devade tenella (Tystshenko, 1965), Liocranoeca spass-
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kyi Ponomarev, 2007, Cheiracanthium seidlitzi L.Koch, 1864, Clubiona juvenis Simon, 1878, Gnaphosa 

cumensis Ponomarjov, 1981, Haplodrassus minor (O.Pickard-Cambridge, 1879), Leptodrassus memorialis 

Spassky, 1940, Trachyzelotes cumensis (Ponomarjov, 1979), Zelotes segrex (Simon, 1878), Philodromus 

glaucinus Simon, 1870, Tibellus utotchkini Ponomarev, 2008, Ozyptila simplex (O.Pickard-Cambridge, 

1862), ʍysticus mongolicus Schenkel, 1963, Mendoza canestrinii (Ninni in Canestrini, Pavesi, 1868), Sitti-

cus ammophilus (Thorell, 1875), Yllenus albocinctus (Kronederg, 1875), Yllenus caspius Ponomarjov, 

1978.  

18 species of scarab (Coleoptera, Scarabocidae) were identified in the area of research belonging to 11 

families of Amaladera caspia, Amaldera euphorbiae, Anoxia pilosa, Aphoclius (bodilus) lugris, Aphoclius 

(evytus) klugi, Aphoclius klugi, Aphoclius kraatzi, Aphoclius vittatus, Chaetopteroplia segetum, Codocera 

ferruginea, Copris hispanus, Glavesis rufa, Onthophagus furcatus, Pentoclon bidens, Pentoclon idiota, Po-

lyphylla alba, Scarabaeus typhon and 22 species of tenebrionidae (Coleoptera, Tenebrionidae) belonging 

to 17 families of Anemia dentyres, Belopus crassipes, Blaps lethifera, Blaps parvicollis, Cripticus guisqui-

lius, Cripticus zuberi, Gonocephalum granulatum pussilum, Gonocephalum rusticum, Leichenum pictum, 

Melanimon tibialis, Nlassus faldermanni, Omophlus pilicollis, Opatrum sabulicolum, Oryctes nasicornis, 

Oxytherea cinctella, Penthicus dilectans, Phtora quatricollis, Pimelia capito, Scleropatroides hirtulum, Scle-

ropatroides seidlitzi, Tenebria obscurus, Tentiria nomas). It should be noted that one of Turkmen subspe-

cies ï Pentoclon bidens ï discovered on the island may be endemic of this island.  

A significant number of Pentodon algerinum bispinifrons were also captured on Tyuleny Island (Pic. 1). 

Tyuleny Island is the most northern and most western boundary of the range of this subspecies and proba-

bly represents relict island populations. Separation from the main range of the subspecies in Central Asia is 

about 500 km. It is significant that other species common for the rest of Daghestan is absent on the island.  

 

 
 

Fig. 1. Habitat map of Pentodon algerinum bispinifrons Reitter, 1894 (by Endrʮdi, 1985, modified)  
The filled circles are the range of subspecies, the black square is the population 

 
Tyuleny Island is the habitat area of  56 species of noctuids (owlet moths) shovel belonging to 40 fami-

lies and  15 species of which occur in a single specimen (Drasteria picta (Christoph, 1882), Macdunnoughia 

confuse (Stephens, 1950), Phyllophila obliterate (Rambur, 1833), Tyta luctuosa ([Denis&Schiff] 1775), 

Cucullia tanaceti ([Denis&Schiff] 1775), Helicoverpa armigera (Hʴbner, [1808]), Chazaria incarnate (Frey-

er, 1838), Chilodes maritime (Tausscher, 1806), Phothedes extrema (Hʴbner, [1809]), Mythimna straminea 

(Treitschke, 1825), Leucania L. zeae (Duponchel, 1827), Agrotis desertorum Boisduval 1840, Rhyacia si-

mulans (Hufnagel, 1766), Chersotis rectangula ([Denis&Schiff] 1775), Noctua comes (Hʴbner, [1813])). In 

large quantities by the number of specimen the following 13 species are found: Odice arcuinna (Hʴbner, 

[1790]), Drasteria flexuosa (Menetries, 1848), Grammodes stolida (Fabricius, 1775), Autographa gamma 

(Linnaeus, 1758), Schinia scutosa ([Denis&Schiff] 1775), Caradrina albina (Eversmann, 1848), Discestra 

trifolii (Tausscher, 1809), Discestra stigmosa (Christoph, 1887), Mythimna pallens (Linnaeus, 1758), My-

thimna vitellina (Hʴbner, [1808]), Leucania obsoleta (Hʴbner, [1803]), Noctua orbona (Hufnagel, 1766), 

Noctua pronuba (Linnaeus, 1758). 
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Thus the material on the biological diversity of these islands and the availability of autochthonous ele-

ments on them as well as a large number of not found species on the mainland do not allow to agree with 

the opinion of many authors on the age and origin of these islands. 
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INTRODUCTION  
For the history of the Caspian Sea in the late of 10 thousand years it is characteristic to free considerable 

changes of its level (in some tens metros). The reason is clear, this is the climate change. However, the uni-

ty of opinions concerning changes and the sea level, and a climate while is not present. Accordingly, there 

are also no uniform representations concerning interaction of these representations.  

 

CLIMATE CHANGE  
The late 10 thousand years allocate 5 periods (dating from [Hotinsky, 1989]  in thousand years) : Prebo-

real (10,3-9,3), Boreal (9,3-8,0), Atlantic (8,0-4,6), Subboreal (4,6-2,5) and Subatlantic (2,5-0). To these 

five periods often limited the Holocene. But the boundary of 10,3 thousand years is expressed not so sharp-

ly. Therefore it begin and with earlier boundaries. We true V.K.Gudelis [1961] opinion who offered as such 

boundary of 16 thousand years ago, when was started the beginning of ñradical reorganization in develop-

ment climatic and geographical conditions on the Earthò. It was preceded by late coldest phase of a freez-

ing (with 23 to 17 thousand years ago), and after there has come an epoch of warming and thawing of 

glaciers [Velichko, 1991].  

In the Western Caspian by palinologic data the listed periods Holocene are characterized by following 

conditions and temperatures and an amount of precipitation (on mid-mountain belt). For comparison it is 

cited the data and on two epoch proceeding to them.  

1. 23-17 thousand years ago. Conditions were very severe and dry. Borders of mountain belts pass-

whether on 1500 m more low, than now, and on plains deserts and semi-deserts dominated. Mid-annual 

temperatures fell to-2ÜC, January ï to-13ÜC, July ï to 5Üʉ.  

2. 16-9.3 thousand years ago. It was characterized gradual, with breaks (during the periods Drias), but 

steady (during the periods of Raunis, Bßelling, Allerßed and Preboreal) increase of temperatures and hu-

midity [Velichko, 1991]. Forests occupy almost all mid-mountain and a lot of part low-mountain and foo-

thills. The area of arid light forests extends.  

3. 9.3-8.0 thousand years ago (the Boreal period). Is a climatic optimum of the Holocene. Temperatures 

and humidity have reached maximum in Holocene values. Mid-annual temperatures have risen to 6-8ʉÜ, 

January ï to-5-8ÜC, July, to 14-16Üʉ. 600 mm of the atmospheric precipitation dropped out a year. Full 

thawing of the late concerns the end of this period in Europe the Scandinavian glacial cover also.  
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4. 8-4.6 thousand years ago (The Atlantic period). It is considered to be it climatic optimum of the Ho-

locene. Actually it is characterized by simultaneous fall, both temperatures, and dropping out precipitation. 

Average annual temperatures have decreased to 4-6Üʉ, January to 8-11ÜC, July to 13-14Üʉ, and an amount 

of precipitation to 200-250 mm a year. Reduction of a share of tree species testifies to it i.e. of almost all 

cuts, and in groups wood and grassy ï reduction rather warm and hygrophilous kinds. In the end of the pe-

riod warming which conceded to boreal warming is marked.  

5. 4.6-2.5 thousand years ago (the Subboreal period). New increase distemper-round and precipitation is 

marked. Average annual temperatures have risen to 8-12Üʉ, on January above ï5ÜC, July to 12-16Üʉ. Again 

600 mm of the atmospheric precipitation dropped out in a year. One-time increase in temperatures and pre-

cipitation has led to strong expansion of the area of forests.  

6. Late 2.5 thousand years ago (The Subatlantic period). Temperatures and an amount of precipitation 

fluctuate in certain limits. For average annual temperatures it between 4 and 8Üʉ, for the January, between-5 

and-11ÜC, for the July between 12 and 16Üʉ, for precipitation between 500 and 650 mm a year. In general, 

there was a process of aridization as, in general, temperatures were rising, and precipitations were decreasing.  

 

CHANGES OF LEVEL OF CASPIAN SEA 
In late 16 thousand years two epochs allocated ï Late Khvalyn and Novocaspian. Their deposits con-

tained the same fauna of modern Didacna. Them separate the friend from the friend on absence (in Upper 

Khvalyn) and to presence (in Novocaspian) Cerastroderma glaucum Poir. (More low ʉ. glaucum). Before 

it was named Cardium edule L. These epochs are considered to be transgressive, come after very deep (to-

45-50 m) regressions (Leontôev et al., 1977). But the absolute dating analysis of the Caspian precipitation 

and heights of their arrangement [Arslanov et al., 1978, 1988; Badinova et al., 1976; Kuptsov, 1980; Paru-

nin et al., 1989] testify about not-how many other history of Caspian Sea.  

For Late Khvalyn transgressions are considered as the most ancient of dating 15100Ñ300 (on 14C) and 

16510Ñ710 (on 230 Th/234U). But they occur with maximum for this transgression ï nearby 0ʤ height. 

Lifting of level to this mark about-40-50 m height should late not less than 2-3 thousand years. From this it 

follows that Late Khvalyn transgression has begun 19-17 thousand years ago, during time a maximum of 

development of glaciers, also has ended with 16-15 thousand years ago, when glaciers have started to thaw. 

Besides all specified and other dating are more senior 12 thousand years ago are received from Didacna 
delenda Bog. D. parallella Bog., D. protracta Eicw. and another Early Khvalyn didacna. They, as marked 

[Arslanov et al., 1988], basically, are strongly rejuvenated.  

The most ancient for actually Late Khvalyn deposits i.e. with modern fauna, but without, are dating 

11340Ñ160 (14C) and 12900Ñ350 ʣ.ʥ. (Th/234U). They occurs with-13 m height. Having added to it the 

same 2-3 thousand years, we receive to start transgression 16-15 thousand years ago, i.e. time of the begin-

ning of warming and thawing of glaciers. Radio coal-native dating of layers Late Khvalyn transgressions 

9560Ñ60, 8500Ñ100 and 7700Ñ250 years ago, received on marks about 0 m, shows that it has come to the 

end with 10 thousand years ago, also kept on these marks to 8 thousand years ago. Then regression has be-

gun. At an initial stage it was very fast. Radiocarbon dating 7840Ñ90, 7720Ñ70 and 7530Ñ160 years ago 

with -16 and-18 m height show that in a current of all of half-thousand years, 8-7.5 thousand years ago, 

level of Caspian Sea has fallen almost to 20 m.  

Believe that during this regression named Mangyshlakskaya, during very short time (no more than 1-2 

thousand years) level of Caspian Sea has fallen to 30 m, to-50m height, then the Novocaspian transgression 

when level has risen on the same of 30 m, to-20m has begun. [Leontôev et al., 1977]. But, if the specified 

fall of level still somehow can be admitted, for sharp lifting then no conditions were exist. As Shnitnikov 

marked [1956], by then the flat freezing in Eurasia has completely disappeared, and mountain was strongly 

reduced. We believe, what all ñproofsò of deep regression between the Khvalyn and the Novocaspian 

epochs, are actually left by the Enotayev regression which preceded the Late Khvalyn transgression. To it 

testifies ñmangyshlakskayaò fauna that the deposits revealed at the bottom of Caspian Sea on marks of -43-

53 m height. It is presented was Didacna, as early (D. subcatillus Andr., D. delenda Bog.), and late (D. tri-
gonoides Pall., D. barbotdemarnyi Gr.) khvalina [Artamonov, Maev, 1979]. This structure says that at ac-

cumulation of the given deposits occurred transformations Early Khvalyn fauna in Late Khvalyn fauna, 

and, means, it were formed between Early and Late Khvalyn transgession during the Enotayev regression.  
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After Late Khvalyn transgressions a regression occurred, but after 7.5 thousand years ago it slowed 

down and proceeded all subsequent time. In 7.5 to 6 thousand years ago according to radiocarbon dating 

(6350Ñ110, 6100Ñ80 and 5940Ñ100 years ago) level of Caspian Sea has fallen only on some meters ï to-

21-22 m height. And then, according to the subsequent dating, level of Caspian Sea fluctuated between-21 

and-31 m with the general tendency to the lowing.  

This tendency is well shown on layers in a cut Turali-sulphate in Dagestan. Here 5 layers are allocated 

with C. glaucum [Rychagov, 1974; Leontôev, Chekalina, 1980]. These layers settle down in steps. The 

maximum heights of the first layer ï -20 m, the second ï -21, the third and the fourth ï -22-22,5 m and the 

fifth ï -23-24m. Radiocarbon data are available for the second (5390Ñ390 ʣ.ʥ.) and the fourth (3400Ñ170 

ʣ.ʥ.) layers. Proceeding from [Shnitnikov, 1957] 1850-year-old cycle, G.I. Rychagov has defined age of the 

first layer about 8 thousand years ago. We was by 1850-year-old cycle have defined age and other layers. It 

for the first layer has appeared 8-6, the second ï 6-4, the third ï 4-2, the fourth ï 2-0,2  and fifth ï late 0,2 

thousand years ago.  

Thus, it is found out that C. glaucum into Caspian Sea has got 8 thousand years ago, when level of Cas-

pian Sea stood on a mark about 0 m. After as we have shown, regression has begun, and, means, all Novo-

caspian epoch was a regression epoch, instead of transgression.  

 

CONCLUSIONS 
Comparison of the climate changes revealed by us and level of Caspian Sea shows accurate interaction 

between them. An epoch of late coldest phase of a freezing (23-17 thousand years ago) was necessary on 

deep Enotayev regression between Early and Late Khvalyn transgressions. When thawing of glacial covers 

transgression has begun the Late Khvalyn has begun. During it about 10 thousand years ago level of Cas-

pian Sea has reached 0 m height (it is possible, hardly bigger or hardly a smaller mark). In our opinion, it 

has occurred because this height then had the Manych watershed, and Caspian Sea on Manych passage-

river surplus of the waters gave vent to Black sea. On this passage-river also has got into Caspian Sea C. 
glaucum [Veliyev, 1994].  

On a mark about 0 m level of Caspian Sea has held on to 8 thousand years ago. Then late Scandinavian 

glacier in Eurasia has thaw, and inflow of water to Caspian Sea has sharply fallen. Within a half-

millennium it has fallen almost to 20 m and about 7.5 thousand years ago and has stopped on-16-18 m 

height. Then rates of falling have decreased, but the tendency of decrease in level remained. To 6 thousand 

years ago the average level of Caspian Sea has gone down to-20m height. After level fluctuations in the big 

limits are fixed. But the average level continued to fall, than heights of layers of a cut Turali-sulphate testify. 

Late maximum of level of Caspian Sea is necessary on first half of XIX century, when has ended ña small 

glacial ageò. Now there is a warming process, and level of Caspian Sea for late two centuries has fallen to a 

few metros. Will this mini-regress proceed some more decades? Up to the middle of XXI century. 
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INTRODUCTION  
The major paleogeographical events of the Pont-Caspian region during the end of Pleistocene and Holo-

cene are very disputable. One of them is the problem of ñabsoluteò age of last epoch of the Manych strait 

existence. It is established during the peak of the Khvalynian transgression Caspian waters flowed via the 

Manych Strait into the Neoeuxinian basin (Svitoch, Yanina, 2001; Yanina, 2005; and other). Faunal com-

position points to a one-way migration of molluscs from the Caspian to the Black Sea (Fedorov, 1978; Po-

pov, 1983; Svitoch, Yanina, 2001 and other). The age of Manych Strait function during Lower Khvalynian 

epoch is estimated from 60 ka (Rychagov, 1995) to 30 ka (Popov, 1983) and to 11-14 ka (Svitoch, Yanina, 

1997), 11-12 ka (peak of Khvalynian transgression), 10.5 ka (closing of the strait) (Svitoch, 2007). The aim 

of this paper is to present the last data on radiocarbon dating of Manych Khvalynian fossil molluscs and, on 

this basis, to present a conclusion about the ñabsoluteò age of Caspian ï Black Sea connection during 

Khvalynian epoch.  

 

MATERIAL AND RESULTS  
Several locations of Khvalynian fauna (Fig. 1), analyzing which by radiocarbon dating method allowed 

us to educate some 14C dates and to update the Manych Khvalynian history. Radiocarbon dating was rea-

lized in the Laboratory of Quaternary paleogeography and geochronology of the Saint Petersburg Universi-

ty. Calendar age meanings are found on the base of calibration-programme "CalPal" (2006) of B.Weninger, 

O.Joris, U.Danzeglocke from Cologne University (www.calpal.de). 
In the Manych Depression, the marine Lower Khvalynian sediments are bedded on the Burtass-

Gudilovian lakeôs deposits with deep erosion. They include numerous fossil slightly brakish mollusks Mo-
nodacna caspia, Adacna vitrea, Hypanis plicatus, Dreissena, and brakish Didacna protracta, and D. eber-
sini ï index fossils for Lower Khvalynian deposits of the Caspian Sea.  

On the right coast of Vostochniy Manych river near the Chogray dam the structure of a terrace is found. 

Lower Khvalynian deposits contain dominating Hypanis plicatus, numerous Monodacna caspia and rare 

Didacna protracta, Dreissena polymorpha. 14C date of Hypanis plicatus shells is 11.47Ñ0.18 ka BP (LU-

5768), calendar age is 13.36Ñ0.20 ka cal BP. To the west, near village Zunda-Tolga in an abrasion escarp 

of the northern bank of the Chogray reservoir Lower Khvalynian deposits contain dominating Didacna 
ebersini and Didacna protracta, rare Monodacna caspia, Dreissena polymorpha, Hypanis plicatus and 

Adacna laeviuscula. The different index fossils were dated. 14C date of Didacna ebersini shells is 

http://www.calpal.de/
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11.42Ñ0.22 ka BP (LU-5726), calendar age is 13.32Ñ0.22 ka cal BP. 14C date of Didacna protracta (de-

pressed small shells) is 10.67Ñ0.14 ka BP (LU-5725), calendar age is 12.57Ñ0.17 ka cal BP. On the western 

end of Leviy Island (Manych Lake) Khvalynian deposits contain bivalve shells: Didacna protracta pre-

vails, D. ebersini, Monodacna caspia and Dreissena polymorpha are rarely found and D. subcatillus, Hy-

panis plicatus, Adacna laeviuscula, Dreissena rostriformis distincta are singular. 14C date of Didacna pro-
tracta is 10.93Ñ0.37 ka BP (LU-5769), calendar age is 12.75Ñ0.46 ka cal BP. 

 

 

  
 

Fig. 1. Plan of location of sections within the Manych Valley ɸ ï Chogray Dam; B ï Zunda-Tolga, C ï Leviy Island, D ï 
Manych-Balabino 

 

For answer on the question about Khvalynian history of the Manych, our investigations of Manych-

Balabino section (Svitoch, Yanina, 2001; Yanina, 2005) are very important. The Khvalynian deposits of the 

section include abundant fossil molluscs: brakish species (as Caspian origin and Black Sea one), slightly 

brakish species, fresh-water species and eurihaline marine species. Most of them are re-deposited. Numer-

ous shells of Monodacna caspia, Adacna laeviuscula, A. vitrea, Dreissena polymorpha, and rare Didacna 
ebersini (Early Khvalynian species only!) are ñin situò. Khvalynian shells were dated in the Laboratory of 

Pleistocene paleogeography of Moscow State University by O. Parunin. 
14

C date is 14.3Ñ0.68 ka BP (MGU-

1491). 
14

C date of shells composite (Khvalynian shells with Cerastoderma glaucum) is lots older ï 25.69Ñ3.0 

ka BP (ʄGU-1489). It proves our conclusion on the mixing of shells from different basins in the thanatocoe-

nosis, and on ñyoungò age of the Khvalynian fauna. 

 

DISCUSSION 
Two subassemblages are distinguished within early Khvalynian assemblage. There representatives oc-

cur at different stratigraphical position. We have dated the shells from younger subassemblage, correspond-

ing to establishment of ñbalanced profileò in the passage at the 20 m asl. There 14ʉ age is 10.93Ñ0.37 ʢʘ 

ɺʈ ï 11.42Ñ0.22 ʢʘ ɺʈ. The delicate early Khvalynian shells from 9 sections from different areas of the Cas-

pian region (Dagestan, Azerbaijan, Lower Volga, Lower Ural) have analogic 14ʉ age (Arslanov et al., 1977, 

1988). At the same time the late Khvalynian thick shells have the similar age. We obtained the similar 14ʉ 

data ï 12.65Ñ0.16 ʢʘ ɺʈ, 15.01Ñ0.30 ʢʘ cal BP (LU-5801) for late Khvalynian Didacna praetrigonoides from 

Azerbaijan. According to expertise of Prof. Arslanov, the perfect preservation of shells, the dating of inside 

part of shells, the commonality of calibrated 
14
ʉ age (the calendar-age) with 

230
Th/U dates provide the relia-

bility of late Khvalynian dates. They correspond to 
14
ʉ chronological interval Belling-Allered. 

The chronological data guess the 
14
ʉ age of delicate early Khvalynian shells is understated. It may be 

generate by younger carbonates ingrained in shells by isotope exchange. There are two ways of carbonate 

pollution of unrecrystallization shells: isotope exchange and diffusion of polluted carbonate inside crystal 

structure of shells. The isotope exchange is a fast process. It is characteristic for delicate shells. The pollu-

tion of thick shells by younger carbonate intervenes too, but the rapidity of diffusion is small. Generally the 
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thick shells comprise about 2% of recent carbon (Arslanov, 1987). We dated by radiocarbon method the 

thick shells of Didacna praetrigonoides from lower Khvalynian deposits (+20 m asl) of Mangyshlak penin-

sula. The carbon dating of outer fraction is 12.02Ñ0.13 ʢʘ ɺʈ (ʃʋ-5800ɸ), the dating of inner fraction is 

12.55Ñ0.21 ʢʘ ɺʈ, the calibrated age is 14.84Ñ0.45 ʢʘ ʩʘl ɺʈ. Such age can be cleared by small pollution 

of thick shells by recent carbonate. The inner fraction of shell is steady to pollution, and it has older age 

than outer fraction. The radiocarbon dating of inner fraction is most real age (a little too young perhaps, on 

the opinion by Prof. Arslanov).  

 

CONCLUSIONS 
The obtained data evidence an opening time of Khvalynian Manych Passage during the late Valday 

glaciation (the beginning of late Valday deglaciation). The epoch of the Manych Passage existence was 

ended from ~12 ka BP, ~14 ka cal BP ï at the close of early Khvalynian stage and the beginning of late 

Khvalynian stage of Khvalynian epoch.  
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The rapid rise of the Caspian Sea level in the period from 1978 until 1995 by almost 2.5 m led to in-

creased attention among researchers to the problem of the coast development under the transgression condi-
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Fig. 1. 1-beach, 2-lagoon, 3-bar, 4- erosion 
escarp, 5-cliff, 6-dunes, 7- longshore driftin, 

8-yellow sand,  9- geologic profile, 10-
georadar profile 

tions. One of the most studied parts of the Caspian Sea coast is the Turali area, which is located on the Da-

gestan coast to the south of the town of Caspiysk and formed by the zone of intensive modern sedimentary 

accumulation. 

The coastal territory before the recent rising of the Caspian 

sea-level included the generation of beach-ridges adjacent to each 

other. The beginning of its formation is connected with the re-

gression after the Caspian sea-level peak, which reached the mark 

of -25.8 m in 1929. As a whole, the surface of this terrace is þat 

and weakly inclined toward the Caspian Sea coast. Near Turali 7, 

this occupied approximately one kilometer during the lowest sea-

level. The terrace is composed of relatively coarse-grained ma-

terial that is why the eolian forms on this surface, except for the 

low dunes near some separate bushes, are absent.  

Since the end of the 1970s, the rapid rise of the Caspian Sea 

contributed to the height accretion of the beach bar with simulta-

neous movement inland. At the early stages of the Caspian sea-

level rise, the coastline retreated with a rate of up to 30 m per 

year. As a result, the modern terrace, where an extensive lagoon 

formed, was reduced in area more than twice. In 1995, the level 

reached -26.5 m and then it fell up to 40 cm. This led to the for-

mation of the regressive beach-ridge joined to the initial one; that 

is, there was formed a bar consisting of a series of beach-ridges. 

The bar is composed mainly of middle and coarse-grained sand 

with detritus, shells, and rare pebbles.  

The modern accumulation surface joins to the terrace located 

on the higher hypsometric marks and formed earlier during the 

Novocaspian time. In this area, the terrace represents the bar se-

parated Lake Big Turali from the Caspian Sea. Along the almost 

whole length of this terrace from the sea side, the clearly mani-

fested erosion scarp is located with a slope of up to 10ï15Á and a 

height of 2ï3 m (Fig. l). 

It is considered that the eolian forms in the Turali area were 

formed during the regressive stage since 1929. This conýrms to 

the widespread opinion about the fact that the eolian process is 

strengthened during the sea level fall.   In this case, a series of 

low beach-ridges is formed composed of more ýne-grained sandy 

material in comparison with the transgression stage.  However, 

this does not bring, as we consider, to the formation of large eo-

lian forms [2]. The regularities of the development of the eolian 

forms on the seacoast are correctly discussed taking into consideration the character of the natural coastal 

processes. The basic element of the eolian relief in the coastal zone is an avandune, whose formation is de-

scribed in detail in the literature [5, 6].  

The sea retreat leads, in turn, to the beach retreat, and in the back beach avandune appears, as it is al-

ways associated with this place. Therefore, under the condition of the continuous sea regression, series of 

avandunes parallel and stretching to the coast is consecutively formed. As a result, the sandy material is 

practically not transported inland, since it is intercepted by the sequential newly formed eolian form. The 

absence of a large volume of sandy material and also the proximity of the ground water, which prevents the 

formation of deep blow-outs, do not contribute to the formation of large dunes. 

We have carried out the granulometric analysis of the eolian sand sampled both in the Turali area and in 

some other regions of the Dagestan coastal plain. The resulted triangular diagram shows the high degree of 

the eolian sorting of the material (Fig. 2) since one fraction (0.25ï0.5 or 0.1ï0.25) dominates in all the 

samples.  
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At the present time, there are no large 

eolian forms on the bar. All the large dunes 

associated with the Novocaspian terrace 

surface. It is true that, at the present time, 

the sand has been practically mined for con-

struction needs. At the beginning of the 20
th
 

century, the eolian forms occupied much 

larger areas. As an example, to the north-

west from Cape Satun, dunes with a height 

of up to 12 m were earlier located. They 

gradually lowered and disappeared near 

Turali 6.  

Thus, all the eolian forms described 

above are located not on the modern regres-

sive terrace but on the higher Novocaspian 

terrace. On its edge, a wide bar was formed 

during one of the ýnale stages of the Novo-

caspian transgression, approximately 2ï3 m 

above the surface located behind it (Fig 1). 

Lately, the bar was partly eroded over the 

whole length from the seaside. Behind the bar, the low dunes extended to the inland along the dominant 

wind direction. It is important to note that the dunes are lower in height than the bar surface; that is, the bar 

lock up them from the sea. Both the relief of the bar and the nature of the dunes testify to the absence of the 

modern transportation of sandy material to the Novocaspian terrace. The dunes are reworked by soil 

processes and partially covered by grass and bushes. All facts allow one to assume that the dunes being 

considered are not modern. They are more ancient than bar and the contemporary regressive terrace as well. 

The bar is followed by the surface that previously was the lagoon bottom. According to the geomorpho-

logic situation and the geologic data available, the lagoon was very extensive and it was formed at a sea 

level of approximately -24 m. It stretched further to the north across the town Caspiysk to the town of 

Makhachkala. To the west from Cape Satun, it was connected with Lake.Big Turali (Fig.1). This lagoon is 

also clearly distinguished in the georadar proýles made perpendicular to the coastline through the barrier 

complex (Figs. 3a, b). Consequently, this extensive lagoon was formed 2603 Ñ 33 yr BP ( cal. 2300 yr BP)
2
 

probable during the so-called Ulluchaevskaya transgression [3] on the surface of the regressive terrace 

composed of the yellow sand with the top at -25 m. For a long time, sand was located under subaerial con-

ditions, so the well reworked soil is on its roof in all pits. 

In the lagoon loams there are a lot of small Cerastoderma glaucum. The upper parts of the loams are 

well reworked by soil processes too, which points to the subsequent draining of the lagoon as a result of the 

sea-level fall. Later on, the dunes were moved on the surface of this former lagoon bottom. According to 

this fact, the dunes are considered to be younger than lagoon. 

The yellow sand was of great interest for us, since it occurs in numerous pits and outcrops in the territo-

ry of the Turali polygon, actually everywhere it underlies the younger and more coarse-grained deposits 

that form the top of the Turali barrier complex (Fig. 1). Thus, the coastal landscape earlier was different 

from the modern one: the sandy deposits were predominant. It seems likely that, in the initial stages of the 

barrier complex formation, the coastline was stretched approximately from the northwest to the southeast 

towards Cape Burun. This is conýrmed by the location of beach-ridges on the Novocaspian terrace. Gradu-

ally turning out, they incline towards a cliff in the seaside of the bar. 

Consequently, during each sea-level þuctuation, the possible turn of the coastline took place. As a re-

sult, in the south, the coastline displaced inland; in the north, on the contrary, it displaced towards the sea 

side. The intensive erosion in the south led to the formation of the Manasskiy gulf, and then the erosion of 

                                                        
2 The radiocarbon age (AMS) was determined by Kh.V. Vonkhov in the laboratory of the Free University of Amsterdam in 

the Netherlands.  

Fig. 2 
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the ancient alluvium of the Manas River represented by gravelïpebble material began. This coarse-grained 

material was transported to the northwest due to longshore drifting, where, at the sequential sea-level rise, 

the thick transgressive pebble beach-ridges started to form. They overlaided the more ancient yellow well 

sorted sand of the former barrier complex. This complex was here during all the Holocene and Lake Big 

Turali from the very beginning was the lagoon, but not the open sea (Fig. 4). 

 

 
 

 
 

Fig. 3a, b Georadar profiles 

 

        
 

Fig. 4. Geologic profiles across the lagoon (Lake Big Turali) and barrier complex 

 

Then there was the deep Derbentskaya regression with a maximum at 1300 yr. BP. The sea-level fell down 

to -34 m [4], or even more. The new geophysical data obtained during the study of the Kura River avandelta 

testify an erosion surface with an age of 900 yr. BP at -48 m [7]. Thus, the level lowered signiýcantly during 

the Derbentskaya regression, which could have lead to a change of the relation between the inclines of the 

coastal plain and the nearshore slope. It is very important, as it determines the way the coast will be developed 

during the subsequent transgression [1]. It is quite probable that the land incline become steeper than those of 

the nearshore slope as this is conýrmed by the structural-geomorphologic structure.  
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The Derbentskaya regression was followed by the sea-level rise and erosion in the Turali area. The re-

gressive terrace composed mainly of yellow sand and thin lagoon loams was eroded. A large amount of 

eolian material from the beach could have been transported, as in the sand the ýne-grained fractions are 

predominant. 

The largest dunes were formed on the Novocaspian terrace near Caspiysk. At the sea level rise, the ero-

sion scarp retreated further to the west and occupied the position determined in the two georadar proýles 

where this buried scarp is clearly visible. Subsequently, the erosion process was changed into accumula-

tion, and the scarp was completely overlaid by the sediments. Just after, the bar was formed, which sepa-

rated from the ea the dune massif near Turali 5 and Turali 4 (Fig. 3a,b). 

 

CONCLUSION 
1. The sea-level þuctuations played the dominant role in the development of the shore in the Turali area. 

2. The type of coast has been changing repeatedly during the last two thousand years. During this time, 

it is regarded to have been accumulative with wide sandy beaches and a lagoon, accumulative with a beach 

composed of pebble material, then erosional one, and the accumulative coast again. At the present time, it 

is the  lagoonal type. 

3. The dunes on the Novocaspian terrace formed during the sea level rise after the Derbentskaya regres-

sion. They are signiýcantly younger than the ancient lagoon but are more ancient than the bar on the Novo-

caspian terrace formed at about 300 yr. cal. BP  as a result of the sea level rise up to -24 m. 
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INTRODUCTION  
The Lower Volga represents a very interesting paleogeographic study area. This area has the most arid 

and continental climate not only in the Volga drainage basin, but in the whole of Europe. It is only here, in 

the Caspian Lowland, that desert plant communities form the zonal vegetation type. 

When analysing data on the Holocene environments of the Lower Volga region, we see that many in-

vestigators (including P.V. Fedorov, O.K. Leontyev, G.I. Rychagov, S.I. and A.N. Varushchenko, A.A. Svitoch 

and others) have identified repeated fluctuations of  Caspian Sea level and established their ranges and 

chronology. Thus, S.I. Varushchenko et al. (1987) distinguished at least 7 transgressive stages (with sea 

level rising above the present-day level) between 8000 yr BP and the beginning of nineteenth century. 
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Despite continuous efforts of palynologists (see works published in the 1970s & 1980s by Tatiana Ab-

ramova, Vladimir Vronsky and others who studied lacustrine, fluvial and eolian sediments on the land, as 

well as bottom sediments of the Caspian Sea), palynological results have not revealed large-amplitude cli-

matic fluctuations and changes of vegetation which could be considered as congruent  with repeated Cas-

pian level changes as reconstructed by various methods (geomorphological, malacological, archeological, 

etc.). Only three stages have been recognized and characterized in the climate and vegetation evolution dur-

ing the Holocene (Abramova, 1980), who ascertained that:  

ï semi-desert and desert environments prevailed in the coastal Near-Caspian regions during the Man-

gyshlak regression; 

ï semi-desert and steppe vegetation, locally with some forest communities, was dominant at the New 

Caspian transgression maximum (in the Atlantic period); 

ï somewhat cooler and wetter climate was recorded at the end of Subatlantic period (the 14
th
 century).  

When studying the Northern Caspian area, it was difficult to trace past climate and vegetation events in 

sufficient detail on the basis of pollen data, as there were no available sections with complete Holocene 

series exposed, adequately dated by radiocarbon and thoroughly studied palynologically. 

To fill in the blanks in information, we turned to sections within the desert-steppe zone, though situated 

in another region ï the so called ñPearl of the Volgaò. It includes the Volga-Akhtuba floodplain and the 

Volga delta.  

In this paper we present reconstructions of landscape and climatic changes in the Lower Volga area dur-

ing the Holocene as obtained from palynological records and 
14

C dating of sequences in the Volga-Akhtuba 

floodplain. The palynological data were first published (in Russian) by N.S. Bolikovskaya (1990). 

 

RESULTS OF STUDIES OF THE HOLOCENE SEQUENCES  

IN THE VOLGA -AKHTUBA FLOODPLAIN  
Following are the results of detailed pollen analysis of Holocene sediments of two sections located 

within the most palynologically indicative area in the Northern Near-Caspian region, that is, the Volga-

Akhtuba floodplain. At this locality, the floodplain vegetation actively responds to climatic changes and 

related sea level fluctuations. 

At present the Northern Caspian Sea region includes desert-steppe and desert belts. Sagebrush-grass assemblag-

es prevail in the desert-steppe. Automorphous (zonal) landscapes of the Near-Caspian desert are dominated by var-

ious dwarf shrub forms of sagebrush (Artemisia gen.). Among shrubs growing on dune sands there are mostly ta-

marisk (Tamarix ramosissima) and Calligonum aphyllum of the Polygonaceae family. The coastal zone is dominat-

ed by saltworts (Chenopodiaceae), and the shoreline is fringed with dense stands of reed (e.g. Phragmites). 
The Volga-Akhtuba floodplain is now covered with rich herb meadow communities as well as dense ri-

verine forests. The latter, along with various willow species (Salix spp.), include poplar (Populus nigra, 

P.alba), maple (Acer negundo) and aspen (Populus tremula); there are also oak (Quercus robur), ash 

(Fraxinus excelsior), elm (Ulmus laevis, U. carpinifolia), birch (Betula pendula, B. pubescens) and black 

alder (Alnus glutinosa). Thickets in the Volga delta are dominated by willow. 

The studied sections are situated near Solenoye Zaimishche village, 5 km south of Cherny Yar in the 

Astrakhan Region, (47̄54¡ N, 46̄ 10¡ E), about 19-20 m asl (above sea level). The first sequence penetrated 

by a borehole at an oxbow lake margin on the high floodplain is composed of a lacustrine series 5 m thick. 

The series was sampled for pollen analysis (50 samples taken at 10 cm intervals) and radiocarbon dating (5 

samples). The palynological results confirmed by 
14

C dates (un-calibrated) enabled a detailed subdivision 

of the sequence and proved that lacustrine clays had been accumulating throughout the Holocene.  

Section 2 is a scarp (c. 6-7 m above the water edge) with fluvial sediments of the high floodplain ex-

posed. Representative data have been obtained from the upper 3 m of the exposed sequence. On the base of 

pollen assemblages, it may be correlated to the late SubborealïAtlantic periods of the Holocene. Pollen spec-

tra of the floodplain sediments made it possible to specify zonal belonging of the reconstructed vegetation. 

The palynological data formed the basis for a detailed stratigraphic subdivision of the studied sequence, 

and 26 phases in vegetation and climate evolution have been distinguished.  

Two models of transgressive-regressive regimes of the Caspian Sea during the Holocene were devel-

oped, based on the interpreted climatic and vegetation successions. The models have been correlated with 

schemes of Caspian Sea level fluctuations developed using various palaeogeographic methods (fig. 1).
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Fig. 1. Reconstruction and correlation of Holocene climatic events in the Lower Volga River Region 

1 ï fluctuations of heat sufficiency; 2 ï fluctuations of  humidification 
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SUMMARY OF HOLOCENE CLIMATIC AND VEGETAT ION EVENTS 
Preboreal period (10000-9200 BP) 
On the basis of climatic-stratigraphic schemes, position in the sequence and 

14
C date of 9560Ñ60 (un-

calibrated) obtained for a sample taken at a depth of 4.75-5.0 m, the sediments of the 1
st
 palynozone 

(formed under a cool continental and relatively wet forest-steppe climate) were attributed to the second half 

of Preboreal (corresponding with Pereslavl cooling of the central Russian Plain). They are dated as 10000-

9200 BP and correlate with the Sartas transgressive stage in the scheme by S.I. Varushchenko et al. (1987) 

Boreal period (9200-8000 BP) 

The early Boreal was marked by increasing climate continentality (cooling and drying), which led to a domin-

ance of steppe with scattered open forest stands of spruce and pine. The palynofloral composition, reconstructed ve-

getation, and radiocarbon date of 8500Ñ100 (sample from 4.5-4.75 m depth), make it possible to correlate the 

interval with the first regressive stage of the Caspian Sea in the Holocene.  

Two phases of vegetation evolution may be identified within the upper part of the Boreal sequence. We attribute 

the mid-Boreal phase, which shows a considerable climate warming and wetting, to the first climatic optimum of the 

Holocene in the Caspian region. It records the beginning of dominance by broadleaved species in the study area, and 

can be traced to the end of the Subboreal period. Using interpolation, this initial level is dated to 8500-8300 yr BP. It 

seems likely that the previous (Mangyshlak?) regression was of somewhat shorter duration than previously as-

sumed and that the Caspian Sea level was at its lowest between approximately 9200 and 8500 yr BP. 

A short ñcold spellò recorded at the end of Boreal period corresponds to the late Boreal cooling (dated to 8300ï

8000 BP). At that time dark conifers completely disappeared from the region, while oak and elm stands were also 

noticeably reduced. 

Atlantic period (8000-5000 BP)  
Three phases in the vegetation and climate evolution may be distinguished within the early Atlantic interval. 

The earlier phase has much in common with the mid-Boreal warm phase, and suggests that a longer period of 

warmer and wetter climate occurred between approximately 8500 and 7600 -7400 yr BP, which was interrupted 

by a short cooling in late Boreal. This stage corresponds to the first transgressive stage of the New Caspian basin 

(according to Leontyev and Rychagov). 

At about 7600 yr BP a phase of drastic aridization and cooling is recorded. Subsequently, improved thermal 

conditions led to enrichment of species composition in the forests, while relative drying suggests a sea level lo-

wering in early Atlantic, at about 7600-6100 yr BP. The extent of the lowering, however, was less than that in 

the early Boreal regression. 

The late Atlantic interval featured the greatest extent and diversity of thermophilic elements in the Vol-

ga-Akhtuba forests in the entire Holocene. In terms of warmth and moisture supply, the interval 6100 to 

5000 yr BP was the main climatic optimum at the study area. It may be correlated with the Gousan trans-

gressive stage of the New Caspian basin (according to S.I. Varushchenko et al., and Svitoch) with 14C 

dates of 6100Ñ80, 5940 and 5390 yr BP. A short-lived increase in climate continentality was recorded by pollen 

analysis within this interval at about 5500 yr BP. 

Subboreal period (5000-2500 BP)   
Development of the early Subboreal environments (5000-4200 yr BP) was influenced by progressive 

cooling. At the Atlantic/Subboreal boundary the onset of cooling coincided with a short-term aridization 

(approximately within an interval of 5000 to 4800 yr BP) which initiated the next regressive stage of the 

Caspian Sea. Later, up to the end of the early Subboreal stage, moisture supply increased steadily and the 

sea level, in all probability, was rising. The palynological results, therefore, provide support for conclusions 

of S.I. Varushchenko et al. on the sea level dropping to -32m most probably within the 5000 to 4400 yr 

interval. 

During an initial phase of mid-Subboreal warming (4200 to 3500 yr BP) the vegetation evolved under a 

warm and wet climate, relating to the 3
rd
 Holocene optimum identified in the North Caspian region. This 

was somewhat cooler and of shorter duration than the main, late Atlantic, optimum. Calculations and inter-

polation place the peak of the mid-Subboreal warming at about 3900-3800 yr BP (slightly older than it was 

in the northern regions). It corresponds to a transgressive stage identified by S.I. Varushchenko between 

4200-4000 yr BP. The sub-period ended with an episode of climatic drying at about 3700-3500 yr BP 

which may be correlated with an aridity phase in the Black Sea coastal regions and a regressive stage of the 

New Caspian basin between 4000 and 3500 yr BP. 
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The late Subboreal stage began with a wetter phase that lasted from 3500 to 2700 yr BP and resulted in 

forest-steppe returning to the Lower Volga region. This phase of humidity was synchronous with the late 

Subboreal cooling in the central Russian Plain and Turaly transgressive stage of the Caspian. We correlate 

the period of dry and warm climate at 2700-2500 yr BP with Alexanderbay regressive stage. 

Subatlantic period (2500 yr BP ï present day) 
Throughout the last 2500 years the climate in North Caspian region was generally cooler and more con-

tinental than during the Atlantic and Subboreal periods. 

The early Subatlantic (2500-2000 yr BP) is noted for climate and environment instability: a short-term 

cooling and wetting in the initial phase turned to an increase in the climate continentality and cooling at 

about 2400 yr BP. The process reached its peak at about 2200 yr BP, when broadleaved forests disappeared 

almost completely from the Lower Volga valley. 

During the mid-Subatlantic time (2000 to 1100 yr BP) the climate became milder, and three phases can 

be distinguished. A warming in the initial phase (dated as 2000-1500 yr BP) may be correlated with Ull u-

chai transgressive stage of the Caspian Sea (with radiocarbon dates from 2000Ñ140 to 1570Ñ100 BP; 

S.I.Varushchenko et al.). The subsequent cooling and aridization at c. 1500-1300 yr BP corresponds to the 

first phase of the Derbent regression. Renewed warming and increased humidity are recorded in the interval 

1300ï1100 yr BP. 

The initial, dry-steppe phase of the late Subatlantic stage featured climatic cooling and drying at about 

1100ï900 yr BP. At its maximum, the environments showed absolute dominance of semi-desert and desert 

plant assemblages, while the Volga-Akhtuba floodplain forests disappeared almost completely. Pollen data 

indicate that the Derbent regressive stage of the New Caspian basin was interrupted by a sea level rise at 

about 1300ï1100 yr BP; the lowest sea level presumably occurred between c. 900-700 yr BP.  

In the most recent sediments, subsequent to a radiocarbon date of 900Ñ60 yr BP, the study site has re-

mained within the area of semi-desert, not unlike those of the present day in the region. Some cooling and 

wetting was recorded within the interval 400-200 yr BP. Most of the sub-recent pollen spectra in the Volga-

Akhtuba region (studied for the purpose of interpreting the Holocene pollen assemblages) indicate that 

thermal conditions (warming) of the last century have led to an increase of broadleaf species in the Lower 

Volga floodplain forests more so than at any time during the last thousand years. 

 

CONCLUSIONS 
The following special features of terrestrial vegetation and climate changes have been established at the 

Lower Volga during the Holocene. They may be considered as indicators of the intensity and timing of trans-

gressive and regressive Caspian Sea level fluctuations controlled by climate, and also as a climatostratigraphic 

framework for comparison with palynological and other studies of the Volga delta Holocene sections.  

1) A specific feature of the Holocene within this region is the presence of three climatic optima, typical-

ly marked by peaks in heat and moisture supply.  

a) The main optimum dated to the late Atlantic interval (6100 ï 5000 BP) was a time of forest-steppe 

prevalence. The total of thermophilic tree species in the pollen spectra reaches 31%. The forest belt in the 

Volga valley consisted of mixed forests with hornbeam (ʉʘrpinus betulus, C. caucasica), oriental beech 

(Fagus orientalis), various species of elm (Ulmus laevis, U. foliacea), lime (ʊilia cordata), birch and other 

trees as well as conifer stands. 

b) The late Boreal (8500-8300 BP) and mid-Subboreal (4200 ï 3700 BP) optima were also dominated 

by forest-steppe or, at certain times, by steppe. They differed from the Atlantic optimum, however, in that 

the conditions were less favorable for broadleaf trees and the proportion of the latter was considerably low-

er. Total broadleaf pollen does not exceed 21-23%, with noticeably lesser proportions of warm (and mois-

ture) loving plants. 

The three stages described could most certainly correspond to transgressive stands of the Caspian basin. 

2) Transgressive Caspian regimes are also indicated by phases and sub-phases of a cool and relatively 

wet climate. The first is a forest-steppe phase recorded in the interval 10 000ï9200 yr BP. At that time, for-

est stands dominated by spruce and fir occurred in North Caspian region along with open pine forests. 

Another sub-phase of cooler and wetter climate, similar to the above in terms of climatic and vegetation 

characteristics, though of shorter duration, has been established on the basis of pollen data at the beginning 

of Subatlantic period of the Holocene, in the interval 2500-2300 BP. 
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3) Regressions of different rank might correspond to reconstructed minimums of heat and moisture 

supply, as well as intervals of noticeable warming and aridization. 

a) Two conspicuous minimums of heat and moisture supply occur in the early Subboreal and in the first 

half of late Subatlantic. The first one corresponds to the first Holocene regression of the Caspian Sea 

(Mangyshlak, by Varushchenko); palynological studies and radiocarbon dates obtained for the Solenoye 

Zaimishche section place it within the 9200ï8500 yr interval. The 2
nd

 minimum is correlatable with Der-

bent regression (1500ï700 BP).  

Pollen data indicate that the Derbent regressive stage of the New Caspian basin was interrupted by a sea 

level rise at about 1300ï1100 yr BP; the lowest sea level presumably occurred between c. 900-700 yr BP. 

b) Within the interval 8500ï1500 yr BP there has been one phase of sudden warming and aridization 

(about 2700ï2500 yr BP) and five phases of drastic cooling and aridization identified; the latter are approx-

imately dated as 8300-8000, 7600ï7400, 5000-4800, 3700-3500 & 2300-2100 yr BP and might correspond 

to short-term, though significant, lowerings of Caspian Sea level.  

The most important of them occurred about 7600ï7400 and 3700ï3500 yr BP. All the cool and dry 

phases were marked by dry steppe and semi-desert dominance in the region, with xerophytic assemblages 

of Chenopodiaceae and Artemisia occurring frequently. 

 

REFERENCES 
Abramova, T.A., 1980, Change of moisture in Caspian Sea region over the Holocene by pollen data, Fluctuations of 

moisture in Aral-Caspian area during the Holocene, Moscow, Nauka,  pp. 71-74 (in Russian). 
Bolikhovskaya, N.S., 1990, Palynological indication of environment changes in the Lower Volga region during the last 

10,000 yrs, Issues of geology and geomorphology of Caspian Sea, Moscow, Nauka, pp. 52-68 (in Russian.). 
Bolikhovskaya, N.S. and Kasimov, N.S., 2008, Landscape and climate variability of the Lower Volga River Region during the last 

10 kyrs, Problems of Pleistocene palaeogeography and stratigraphy, Vol. 2: The collection of the Scientific Works, Bolikhovskaya N.S., 
Kaplin P.A. eds., Moscow: Geographical faculty of Lomonosov Moscow State University, pp. 99-117 (in Russian).  

Varushchenko, S.I., Varushchenko, A.N. and Klige, R.K., 1987, Change of regime of Caspian Sea and drainless water 
bodies in paleotime, Moscow, Nauka, 239 pp. (in Russian). 

 

 

 

OBSERVATIONS OF TERRACING AND STRANDLINE S IN 

AZERBAIJAN IN ASSOCI ATION WITH MUD VOL CANOES AS 

INDICATORS OF PAST FRESH AND SEAWATER IN UNDATIONS 
  

R. GALLAGHER  
 

c/o 170 Gardner Drive, Aberdeen, UK, AB12 5SA; Gallagher_ronnie@yahoo.co.uk 

 
Keywords: Caspian Sea, Black Sea, paleohydrology, marine and freshwater deluge, cultural connections 
 

Fluctuations in the level of the Caspian Sea have greatly influenced coastal communities for millennia. 

This is due in part to a dynamic balance between regional climate, temperature, rainfall in the catchment 

areas of the rivers feeding the basin (principally the Volga), and evaporation from the surface of the sea. As 

an endorheic basin (i.e., having no outflow), and evaporation estimated to be just less than a meter per year, 

sea level will either rise or fall depending on climate and rainfall. Currently, sea level is around ï28 m rela-

tive to mean sea level. In the present era, fluctuations are only on the order of a few meters, and while sig-

nificant to those living near the sea, they are relatively minor compared to the dramatic regressions and in-

undations (transgressions) associated with the Ice Ages (Mamedov, 1997). 

During ice ages, the sea greatly shrinks due to a cooler, drier climate. At the end of an ice age, meltwa-

ter inundates the northern watershed areas to drain via river systems into the lowlying basins of the Aral, 

Caspian, and Black Seas. In addition, ice cap melting from the Himalayas and Hindu Kush adds to the in-

flow. Significantly, it is further recognized that Arctic Ocean ice fronts advanced onto mainland Russia and 

blocked the north-flowing rivers (Yenissei, Ob, Pechora, Dvina, and others) that supply most of the fresh-

water to the Arctic Ocean (Baker, 2007; Grosswald, 1998; Mangerud et al., 2001 and 2004; Rudoy, 1998). 
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In consequence, large ice-dammed lakes formed between the ice sheet in the north and the continental 

water divides to the south. The lakes overflowed toward the south, and thus the drainage of much of the 

Eurasian continent was reversed. The result was a major change in the water balance on the continent, de-

creased freshwater supply to the Arctic Ocean, and increased freshwater flow to the Aral, Caspian, Black, 

and Baltic seas. The legacy of these inundations has left marks on the soft Azerbaijan landscape both above 

and below sea level in the form of terraces and strandlines. To complicate the picture further, the presence 

of marine mammals, such as the Caspian seal, demonstrates previous connection to the Arctic Ocean. 

Overall, it is a complex and poorly understood situation, and a detailed chronology of inundation and sea-

level change has yet to be established for the Caspian Sea. 

As an amateur archaeologist with a fascination for the prehistory of Azerbaijan, it became apparent that 

there were cultural similarities between Azerbaijan and the Caucasus to the Mediterranean region and, in 

particular, pre-dynastic Egypt. Examples include the presence of ócart rutsô on the Apsheron Peninsula, 

near Baku, similar to those of the Mediterranean countries, especially Malta; petroglyphs of multi-oared 

boats at the Gobustan outdoor museum are identical to images from Egypt. Most notably, the father of 

Egyptology, Sir William Flinders Petrie, observed philological similarities in place names, peoples, and 

geography within the Egyptian Book of the Dead to the Caucasus and concluded (contentiously) that Egyp-

tians owed some of their ancestry to the Caucasus region. These and other similarities are addressed in a 

separate paper. What seems evident, however, is that cultural connections may well have come about as a 

result of maritime transportation in a flooded landscape. (Petrie., 1926) The possibility of firm cultural con-

nections has encouraged investigation of the Azeri countryside for evidence of inundation. In doing so, a 

number of observations have been made of terracing and strandlines that may contribute to archaeology and 

our understanding of Eurasian paleohydrology. Bivalve mollusk samples have been obtained for radiocarbon 

dating of a prominent 100m elevation mud volcano marine terrace.  Results will be available in August 2010.    

This paper presents observations on the water-etched landscape of Azerbaijan and considers possible 

circumstances that led to strandlines and terracing at greater than 200 m and marine water in excess of 115 

m above mean sea level. Evidence points towards prolonged Eurasian glacial meltwater and diverted river 

drainage, and the possibility of oceanic ingress from the Barents Sea. Some archaeological evidence is pre-

sented that alludes to wider maritime connections between the Mediterranean and Central Asia. 
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Azerbaijan and the Caucasus played a major role in prehistory, at the dawn of civilization when the 

landscape was very different from today. Due to (inundation of diverted northern Russian rivers caused by 

the Ice Age Arctic ice fronts, plus melt water from the northern ice sheets and Hindu Kush icecaps in the 

Late Pleistocene), the landscape was deluged. This allowed the Caspian Sea to connect to the Black Sea at 

the Manych Lake system via the Kuma-Manych corridor. (Baker.,2007), (Grosswald., 1998), (Mangerud et 

al., 2001 and 2004), (Rudoy.,1998). This significant waterway effectively connected the Caspian Sea to the 

Mediterranean, potentially allowing for ancient travel, trade and cultural transfer to occur in the Early Ho-

locene, possibly as late as 6000 years ago. The waterway also served to link people across the Caucasus. 

Observations of rock carvings found at Gobustan are of special interest for they indicate early inhabi-

tants used large oared vessels that could have been used in long distance transportation between the Cas-

pian Sea and into the Mediterranean Sea. Rock art images of boats and people from Gobustan show strong 

similarities to imagery of predynastic Egypt. óCart rutsô, ï long incised carved channels in bedrock, (possibly 

used in megalith transportation) are typically found in coastal countries around the Mediterranean, including 

Malta. óCart rutsô are obviously the product of a maritime culture and are oddly also found in Azerbaijan.  

A number of archaeological discoveries have been made to indicate that the people had an animistic be-

lief system, knowledge of astronomy and that they venerated the sun. Evidence of this is deduced from 

large anthropomorphic landscape carvings which have yet to be scientifically recognized and studied. Simi-

lar features are also to be found in Western Asia. Bekbasser, (2005). Marsadolov, (2005). Great effort evi-

dently went into creating landform images and indicates that the ancient inhabitants had a strong social or-

ganization. Such organization combined with an animistic and sun worshiping outlook suggests regional 

cultural connections.  

Tangible evidence exists in both mythology and in rock carvings to demonstrate connections to pre-

dynastic Egypt. For example, Sir William Matthew Flinders Petrie, the Father of Egyptology, and a re-

nowned scientist Professor Reginald Fessenden pointed out that, in the óEgyptian Book of the Deadô the 

mythological people, place names and geography all have counterparts in the Caucasus, and suggested it 

may be an ancient Egyptian homeland. Strikingly Petrie observed that there were only two places where the 

sun rose over the Mountain of Bakhau (Baku) and set over the Mountain of Tammanu; one was the Book of 

the Dead the other the Caucasus mountain range. Petrie (1926).  

Fessenden also notes that the Caucasus mountain range is aligned at an angle of 23.5 degrees which 

matches the angle of tilt of the planet earth. The consequence of this is that the sun rises at the winter sols-

tice to the South East and sets at the Summer Solstice to the North West, both in line with the Caucasus. Fessen-

den (1923). Such an observation where the óheavensô seemingly joined with the earth (mountains) would be ap-

parent to an astronomically aware and sun worshipping culture and would have great religious significance.  

Curiously the iconography associated with the Egyptian Book of the Dead can be identified with specif-

ic locations in the Caucasus. For example Besh Barmak (or Mt. Barmak) to the north of Baku is a place of 

religious pilgrimage today; it is steeped in legend, is an archaeologically though unstudied rich landscape 

and also appears to be a huge zoomorph. The mountain further shares attributes with the Egyptian descrip-

tion of the óMountain of Bakhau of the Rising Sunô. Its name ï Barmak, bears a phonetic resemblance to the 

ancient Greek word for the Sphinx, ï Harmakis. This suggests that the enigmatic Sphinx may have been 

carved in memory of this important landmark.  
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Europeôs highest mountain, Mount Elbrus as seen from the North Caucasus city of Kislovodsk may be 

the source of the Egyptian Ahket sybol. At the winter solstice the sun appears to sit between the two peaks 

of Mount Elbrus, just as it appears with the Ahket.  

Even more striking is a perceived alignment relationship between the Great pyramids of Giza and the 

Caucasus Mountains. Starting from the apex of the Pyramid of Menkaure and sighting over the apexes of 

the Pyramids of Khafre and Khufu the distant targets are respectively Mt.Elbrus and Mt Kasbek. The com-

bined accuracy has a probability against chance of around one in a million and goes well beyond co-

incidence. These and several other intriguing alignments appear to indicate that the Egyptians, using their 

profound astronomical, mathematical and engineering abilities built the pyramids as indelible markers or 

signposts to important places to communicate to posterity who they were and where they came from.  

It is further curious to note that the timing of early Egyptian dynasties coincides with the migrations 

from the northern Caucasus in the 3
rd
 millennium BC, the ï óKurgan Hypothesisô as expounded by Maritja 

Gimbutas. It seems reasonable then to infer that some migrants left the Caucasus by boat to settle in Egypt: 

a place where long cultural connections may have been established.  

It is therefore postulated that: with the loss of the Kuma-Manych waterway, due to diminishing meltwa-

ter, and subsequent deteriorating environmental conditions, the rich Kurgan culture that stretched across the 

Caucasus was driven to live in more environmentally reliable locations, one of which is the Nile Valley. In 

doing so technical know how was exported and may have been instrumental in kick starting the Egyptian civi-

lization. Monuments were created in honour of, and to remind of an ancestral homeland. Over time, distance 

and with transportation difficulties the memory of the Caucasus faded only to be remembered in mythology. 

It is salutary to note that Sir William Matthew Flinders Petrie challenged future archaeologists to re-

search cultural connections, but for various reasons this has yet to happen. It is hoped that this paper and 

the information presented, provides sufficient evidence to support his conviction and serves to stimulate 

study into the theory of an ancestral Egyptian homeland in the Caucasus. 
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The Caspian Sea, the largest lake in the world, represents rapid sea level change. This provides a real 

physical model of coast against rapid sea level change in a period of just a few years which may take a mil-

lennium in the oceanic body. Between 1929 and 1995 Caspian Sea level passed the last cycle with a range 

of Ñ 3. This caused terrible effects along the coast and destroyed many buildings, roads, farms and other 

human properties. While the lowest fall lasted in a period of 48 years left marine deposits, developed resi-

dential zone, the rapid sea level rise occurred in a period of 18 years, representing disordered cycle, im-

posed landward shift. This paper reflects the last rapid sea level rise outcome along Iranian shoreline using 

landsat and filed data.  In this study the south Caspian sea has been subdivided within 23 littoral cells and 

each cell also contains 4 transects over a 2 km distances. The results show that the coast reaction against 

rapid sea level rise in some parts is still experienced seaward due to strong coastal progradation and sedi-

ment supply.  Beside of main coastal processes, a local factor (Local morphology) plays as a fundamental 

task on the near shore morphology. 

 

 

 

RAPID HOLOCENE SEA -LEVEL CHANGES ALONG THE IRANIAN 

CASPIAN COAST 
 

1
A.A. K AKROODI , 

2
S.B. K ROONENBERG, 

3
H. MOHAMD  K HANI , 

4
M. YAMANI , 

3
M.R. GHASEMI   

 
1
Geological Survey of Iran, Kakroodi_a@yahoo.com 

2
Delft University of Technology, Netherlands, s.b.kroonenberg@tudelft.nl 

3
Geological Survey of Iran, Azadi Square, Meraj Ave., 13185-1494, Tehran, Iran 

4 
Department of physical Geography, Faculty of Geography, university of Tehran, Tehran, Iran 

 

The Caspian Sea is known due to rapid sea level change in the world. In the recent years its level ex-

perienced Ñ3m from 1929 to 1995 showing very rapid sea -level change in comparison with oceanic sea -

level change therefore, it is a laboratory to study rapid sea level change and its influence on the coastal evo-

lution. The main attempt of this study is to reconstruct the sea- level curve in Holocene by using core sam-

pling and radiocarbon dating. The Caspian Sea is not only regional interest but also its level is affected by 

global change therefore, it reflects the global change including climate and tectonic effects. The stratigra-

phy evidence approves the number of cycles of the Caspian Sea towards late Holocene are being increased. 

The main rapid sea level- rise took place about, 2380, 5990, and 8800 BP in Holocene.The early Holocene 

was started with a big regression and lasted to 8800 BP. There is a thin distinct surface showing a big 

flooding around 8800 PB. Four Phases of long-term sea level rise as cycles of the Holocene period were 

identified. Other phases as smaller cycles were distinguished on nearshore core and can be ranged in peri-

ods of 250- 300 years as disordered cycles. 
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INTRODUCTION  
Global warming and the rise of the world oceanôs level are among the most important present-day envi-

ronmental problems. Within most of the world regions present-day sea-level change proceeds as a rule ra-

ther slowly and it is almost imperceptible in human life time scales. The Caspian Sea offers a unique oppor-

tunity to study the impact of sea-level change on the coastal zone for short-term period, because the Cas-

pian sea-level change is much more rapid than that of the world oceans. For this reason, the Caspian Sea 

shores are perhaps the best sites to study the effect of sea-level changes on coasts (Ignatov et al., 1993; 

Gennadiev et al., 1998; Kasimov et al., 2000; Kroonenberg et al.,2000). 

The Caspian Sea is well known for large and rapid sea-level fluctuations. The most recent cycle lasted 

only 65 years. Sea-level fell by over 3 m between 1929 and 1977 and rose again by 2,4 m until 1995, when 

it started falling again. Today it is stable at ï 27 m below global sea-level, but it can be a short break in the 

transgression period or it can be the beginning of the regression period. The most dramatic consequences of 

the influence of rapid transgression were experienced by accumulative coasts (Ignatov et al., 1993).  

The Central Dagestan type of coasts is rather suitable for studying the environmental change of the Cas-

pian accumulative shores under sea-level fluctuations. During the sea-level fall (1929-1977) the coastline 

moved seawards. Small-scale retreats of the coast resulted in the formation of very low sandy-shelly bars 

with a height of 0.2Ñ0.5 m (Kroonenberg et al., 2000). No lagoons were formed in this period according to 

monitoring data and aerial photographs.  

The last transgression of the Caspian sea (1978-1995) caused the development of barrier coasts with ad-

jacent lagoons at shores with intermediate gradients between 1-10 m/km (Ignatov et al., 1993). After 1978 

the marine terrace is progressively drowned and barriers and lagoons move landward at an average rate of 

20-30 m/year. Such type of the coasts is common for Dagestan. The formation of the barrier-lagoon system 

during the last transgressive coastal cycle is typically for different regions of the Caspian shore (Ignatov et 

al.,1993; Badyukova et al., 1993; Kravtsova et al.,1997). Lagoon coasts occupy about 10% of the world 

ocean shores (Recent global changesé, 2006).  

 

MATERIALS AND METHOD S 
Field works were conducted near the Turali research and training station, which belongs to the Moscow 

State University and is located 30 km to the south of Makhachkala, the capital of Dagestan. The investiga-

tions were carried out in 1995-1996 when the sea-level rose (Gennadiev et al.,1998; Kasimov et al.,2000) 

and they were continued in 2001-2005 when it became stable.  

The Turali key site stretches from the waterline across a modern constructional plain to the scarp of the 

New-Caspian Holocene terrace. The New-Caspian terrace is separated from the modern terrace by a rela-

tively low scarp (up to 2 m high). The level of the terrace is 3.5 m higher than the sea level now. 

The modern constructional plain varies in width from 100 to 500 m; a series of low bars of 1929, 1941, 

and 1956 can be distinguished within this plain. The field work was carried out at a cross-section (150Ĭ400 

m) stretched from the New-Caspian terrace to the sea shore through the modern strand flat (Fig.1). During 

the fieldworks about 500 soil samples, 100 samples of bottom sediments, 100 samples of natural waters were 

collected. 

The most important physical and chemical parameters of surface and ground waters and of each se-

lected soil horizons were defined immediately at the sampling points: pH, Eh, total dissolved salts (TDS), 

the sodium content. The analysis of water samples, bulk and mobile forms of chemical elements in soils 

were done by the atomic-absorption method using the spectrophotometer Hitachi 180 (Japan).  
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In order to define bulk values of heavy metal content in soils and bottom sediments the samples were di-

gested with a mixture of concentrated acids (HNO3 and HF). For analysis of mobile forms of elements in soils 

and bottom sediments 1N (2N) HCl was used as the extraction agent. Water-soluble, exchangeable and 

amorphous forms of elements passes are extracted in this way, and also, in part, organic-mineral connections.  

 

RESULTS 
Inundation and waterlogging of the coastal zone have resulted in a considerable change of coastal soils. 

Former coastal solonchaks, weakly developed loose sandy hydromorphic soils, and meadow solonchakous 

soils are replaced by wet-meadow ferruginous solonchaks, marsh sulfide-gley solonchakous soils, and the 

submerged soils of the lagoon. The morphology, geochemistry and evolutionary sequences of these soils 

have been described in detail in our previous publications (Gennadiev et al.,1998; Kasimov et al.,2000). 

The soils studied have close evolutionary links. They have undergone differently directed evolutionary stages. 

In dependence on particular site conditions, the soils and sediments of the coastal zone can be subdivided into three 

evolutionary groups with respect to their response to the advances and retreats of the sea (Gennadiev et al., 1998). 

The first group includes the recent beach deposits (T-I). They occupy the most seaward position. The 

oldest evolutionary group includes soils on the sediments of the New-Caspian terrace (T-III) that are not 

affected by modern water table fluctuations. The concentrations of majority of chemical elements in weakly 

developed sandy soils of the New-Caspian terrace soils are low (Table 1).  
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Low geochemical background of the chemical elements is due to light granulometric composition of 

marine sediments composed of clean sand and shell detritus. Only Mo has an increased background con-

centration that corresponds to boron-molybdenum geochemical specialization of the Caspian region.  
The middle evolutionary group (T-II) includes different soils of meadow avant-marsh and marsh-lagoon 

zone that are variably transformed by superimposed processes during the transgressive phase and the phase 

of the stabilization. 

Transgressive phase. The flooding and waterlogging of the soils of coastal plains in Central Dagestan 

have modified the geochemical conditions in the coastal zone and altered the chemical composition of 

modern soils and sediments. 
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Table 1 
Concentration of elements in slightly affected soils and sediments of the site, mg/kg (n=5) 

 

Concen-

tration 

Fe Mn Ni Co Cr Cu Zn Pb Cd Sr Mo 

Bulk  10000 155 5,3 2,6 2,2 2,9 18,8 5,7 0,07 405 6,7 

Mobile 1382 87,7 0,3 0,5 0,65 1,1 4,6 2,6 <0,01 225 ï 

 

The changes of geochemical properties and concentrations of trace elements are shown in the Tables 2 and 3. 

Phase of the sea-level stabilization. After the stabilization of the sea-level the movement of the bar-

lagoon system has stopped, the lagoon has shoaled. The depth of the ground water table has decreased in 

the marsh zone. That led to the transformation of geochemical parameters and trace elementôs concentra-

tion in the soils of the salt marshes.  

 

Table 2 
Changes of geochemical properties in soils and sediments of salt marshes upon the fluctuation  

of the Caspian Sea level 

Soils Phase Eh, mV pH TdS,mg/l 

1 transgression*(23) +150é+200 8.2-8.6 20-100 

stabilization ** (30) +150é+200 8.1-8.6 20-100 

2 transgression (32) -159..+150 8.4-9.2 100-1000 

stabilization (59) -80é+120 8.3-8.7 200-5800 

3 transgression (22) -150é+100 8.1-8.5 500-2500 

stabilization (30) -130é+150 6.1-7.4 1200-7100 

4 transgression (14) -50é-380 7.5-8.3 2000-6000 

stabilization (19) -150é-300 6.1-7.3 3000-6000 

 

Table 3 
The concentrations of chemical elements in soils and sediments of salt marshes (site ñTuraliò), mg/kg 

 

Soils Phase Fe Mn Ni Co Cu Zn Pb Cr 

1 transgression* 

(23) 

95001 152 4 1,7 2,5 15 5,8 2,5 

15002 101 0,4 0,4 0,8 4,1 2,4 0,05 

stabilization**  

(30) 

8700 144 3,7 1,5 2,4 13,5 6,3 2,3 

1850 121 0,6 0,5 0,7 2,9 1,8 0,05 

2 transgression 

(32) 

9300 163 3,8 2,0 2,0 14,8 4,1 2,8 

1200 109 0,5 0,6 1,0 5,6 2,6 0,14 

stabilization 

(59) 

8900 189 4,3 1,7 2,2 15,2 4,5 2,5 

1500 118 0,9 0,8 0,7 4,1 2,4 0,09 

3 transgression 

(22) 

6500 227 3,9 2,2 1,9 15,6 4 3,7 

4200 131 0,7 0,9 1,2 7,3 3,2 0,15 

stabilization 

(30) 

7600 248 6,2 2,4 2,5 17,1 5,7 4,4 

3100 161 1,4 1,5 1,8 9,2 2,7 0,12 

4 transgression 

(14) 

5950 136 3,2 2,2 3,0 13 3,5 8,8 

5400 102 2,6 1,2 2,9 12,1 3,2 0,9 

stabilization 

(19) 

5200 176 6,5 2,6 3,3 14,2 4,5 6,6 

4400 110 1,6 1,6 2,7 13,0 3,0 0,11 

 

Investigations: * ï 1995-1996; **-2001-2003. (n) ï number of samples. 1-bulk forms; 2 ï mobile forms. 

Soils: 1-weakly developed hydromorphic loose sandy soils of terrace of the 20-30-ies; 2-weakly developed 

meadow solonchakous and wet-meadow ferruginous solonchakous soils of meadow avant-marsh zone; 3-marsh 

solonchakous soils of marsh zone; 4-aquic soils of the lagoon. 
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DISCUSSION 
Long-term monitoring of the shore zone landscapes of the Central Dagestan abrasion-accumulation 

plain (Turali site) allows to reveal the environmental changes due to the whole cycle of the Caspian sea-

level changes (regression-transgression-stabilization). The first part of the cycle lasted for 50 years (1929-

1978) and was characterized by the retreat of the sea, lowering of the ground water table, and general de-

crease in the degree of hydromophism of the territory. The second phase of the cycle (1978-1995) corres-

ponded to the rise in the sea level and the depth of the ground water, and to increase in the degree of water-

logging of the soil cover (Gennadiev et al., 1998; Kasimov et al., 2000). The transgression of the Caspian 

sea caused the formation of bar-lagoon system along the seashore that moved landward at an average rate 

of 20-30 m/year. 

The third part of cycle (1995ï2006) is characterized by the stabilization of the sea, shallowing of the la-

goon and lowering of the ground-water in the marsh zone. The movement of the bar-lagoon system land-

ward has stopped. 

The geochemical conditions in coastal soils were not various during the regressive period. The concen-

trations of the chemical elements were low and spatial distribution was homogeneous. From the beginning 

of the transgressive period the variety of geochemical conditions in coastal soils increased that affected the 

mobilization and availability of both major and minor metals. The distribution of trace metals in the sedi-

ments has been modified to a great extent by landscape-geochemical processes that caused the formation of 

geochemical barriers in soils. 

The formation and gradual inland movement of the bar-lagoon system has led to additional accumula-

tion of organic matter in low-marsh soils; the development of anaerobic processes in the presence of sulphate-

rich water has resulted in the precipitation of sulphides in bottom sediments of the lagoon and in the soils of low 

marshes. The co-precipitation of iron and heavy metals together with sulphides and the accumulation of iron at 

oxidizing barrier are the main processes of the transgressive period (Kasimov et al., 2000). 

After the stabilization of the sea-level the geochemical conditions of the marsh soils began to change 

slowly. The shallowing of the lagoon has resulted in partial oxidation of sulfides in the upper horizons of 

marsh soils and formation of sulfuric acid. This is accompanied by the acidification of coastal soils and 

increased the accumulation of iron in the upper horizons of the soils.  

During the period of sea-level stabilization the redoxcline in the marsh soils has shifted below 10-15 cm 

that caused the higher mobility of trace elements in the upper 5-15 cm and accumulation of total forms on 

the oxygen geochemical barrier. 

The development of meadow vegetation in the marsh zone increased the rate of humus accumulation in 

coastal soils. As a result in 2001-2003 the rate of humus accumulation in peaty horizons was 1,9 % per year. 

If the sea-level begins to rise again that will lead to the movement of bar-lagoon system landward and 

the width of lagoon will decrease (Recent global changeé,2006). It will lead to waterlogging of the weakly 

developed meadow solonchakous and wet-meadow ferruginous solonchakous soils within meadow avant-

marsh zone. It will cause the development of the anaerobic processes, the accumulation of sulphides, hu-

mus and concentration of chemical elements. 

The further stabilization or regression of the sea-level will be accompanied by the drainage of the marsh 

zone, the oxidation of the sulfides in the upper horizons, acidification of soils and the accumulation of iron 

in the soils. On the one hand, the accumulation of iron oxides and hydroxides, humus can cause the accu-

mulation of other microelements. On the other hand, the acidification of soils may enhance the mobility of 

heavy metals and their removal from the soils. The proportion between these two opposite processes must 

be studied in the future. 

 

CONCLUSION 
The salt marsh environment is a complex system. Even small changes to the surrounding environment 

can significantly affect the overall cycling of the metal forms. Salt marsh sediments provide a valuable tool 

for the study of trace metal behaviour during different landscape-geochemical processes. 
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INTRODUCTION  
The article deals with the indicatory property of the fluctuation of the Caspian Sea level as a recording 

media in the system of endodynamics-exodynamics from the point of view of geodriftgenal concept of re-

lief evolution. It is suggested to use the correlation relationship in the given system to establish and predict 

the regime of geodynamic stress of the crust. The investigations carried out in this aspect show that periods 

of high stand in the sea level correspond to the periods of compression, whereas periods of low standï to 

the periods of stretching, and the both periods ï to the periods of relative stabilization of the crust tension. 

Thus, regime conditions are associated with intensification or weakening of earthquakes and mud volca-

noes, as well as dynamics of oil and gas well flow rate. 

The fluctuation level of the Caspian Sea in the light of the fundamental argument of its being isolated 

from the World ocean is determined by its autonomous response to exogenous and endogenous events, 

where climate and anthropogenic factors are traditionally preferred. However, but for some scientists, 

without neglecting the importance of these factors, we pay attention to the crucial role of phenomena de-

termined by endogeodynamic processes such as ebb and float of intraformational waters into the sea, vo-

lume changes of its basin. Thus, the assumed relationship is considered in terms of geodriftgenal concept 

(geodriftgenal results from movements of tectonic plates of the Earth geomorphosystem), which develops 

on the basis of the principles of the theory of plate tectonics (mobilism) and representing geomorphologic 

concept (modified option for mobilism) as a theoretical basis for the study of mechanisms of relief forma-

tion and development from new points of view. According to this concept, the full cycle of the relief evolu-
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tion from peneplain-to peneplain is divided into successive stages of divergence, convergence, anvergence 

as well as rifting, spreading, subduction, collision, relaxation, planation stages. (4, 6, 9, 11). 

During the divergence period rifting stage is characterized by a split of lithosphere and development of 

rift systems, followed by formation of the ocean basin, and the formation of morphostructures of rift trough 

and continental destructive plateau margins, while the spreading stage is characterized by plate spreading, ex-

pansion of the ocean bottom and the formation of sequential-evolution number of primary conformal morpho-

structures of underwater non-volcanic uplands (mass), valleys, basins, mid-ocean ridges and other varieties. 

During the divergence period subduction stage is characterized by mersion of one plate beneath the oth-

er in the mantle, the shortening and closure of oceanic basin and the formation of largely conformal mor-

phostructures, abyssal plains and basins, volcanic mountains, subduction troughs (deep-sea basins), super-

subduction island arcs, active plate margins (transition zones), and in the collision stage due to escalation of 

counter motions and restriction of the ocean floor there occur collisions of tectonic plates, which is accom-

panied by transformation of morphostructures of previous stages, there are formed heterogeneously and 

heterochronously built cover-scaly block infolded conformal and disconformal morphostructures of suture 

zones. 

During the anvergence period in the conditions of dynamic and thermal relaxation stage of geodynamic 

stress, disseccation is characterized by exogenous dissection and destruction of mountain ranges, degrada-

tion of existing morphostructures and the emergence of their typological variations, while during the plana-

tion stage relief dissection in its low stable position is completed by its leveling to the peneplain and forma-

tion of platform morphostructures (4, 6, 9). 

According to the above-mentioned geochronological scheme the relief of the region under consideration 

in the system of the alpine suture orogenic belt having gone through the Baikal, Hercynian full cycles and 

divergence stage of incomplete alpine cycle develops in the incomplete collision stage of its convergence 

period of relief evolution. Thus, such phenomena as complexity and homogeneity of geological and mor-

phodynamic characteristics of topography, seismic activity, intensity of mud volcanoes, variations of geo-

physical fields, fluctuations of the Caspian Sea level, instability of oil recovery in time, quasiperiodicity of 

recent tectonic movements and other endogenously predetermined events generated by the geodynamic 

regime of tectonic plates and changeability of the crust tension stand in close connection with each other. 

This probably affects the density of solid and liquid substances of the crust and their geophysical proper-

ties, so that magnetic and gravitational fields depending on the current geodynamic situation undergo cer-

tain qualitative and spatial transformations(1, 2, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14).  

Analysis of the above-mentioned situations connected with the laws of geodriftgenesis in terms of the 

relief of the Caspian Sea testifies to the fact that considerable complexity and diversity of geological-

geomorphological structure and special geodynamic condition at the abutment joint of the tectonic plates 

display close relationship with the relief evolution conditions in the collision stage. As the relief evolution 

of Eurasian and Afroarabian tectonic plates predetermined formation of a wide range of heterogeneously 

built morphostructures, their heterochronic morphogenetic and typological varieties, as well as their re-

gional and local spatial differentiation.  

The presence of zones of magmatogenic rocks of ophiolites association, considerable horizontal dis-

placement of thick layers of the alpine cover, with widespread development of overlapping-overthrust fold-

ing morphostructures, richness of magmatism products characteristic of compression and stress regimes of 

the crust, regular connection of overthrust plane and deep faults with the direction of subduction (subflu-

ence), one-sided asymmetry of linear morphostructures, correspondence of the course of morphostructures 

with the course of margins of tectonic plates (microplates) and transform faults, traces of rotational kine-

matics of plates and blocks testify in favor of the given model.  

However, zones of deep crustal stresses are projected onto its surface by morphostructures of significant 

dynamic activity. Due to this, there can be observed strict subordination of morphodynamic environment to 

a certain regularity, i.e. strengthening of deep geodynamic crust tension leads to intensification of gravita-

tional and fluvial destructions of morphostructures and vice versa. There is observed intense degradation 

and destruction of young slopes of mountainous ranges and ridges as a response to endogenous deformation 

and particularly thrusting movement of plates of the alpine cover (4, 9, 11, 14). 

As to seismic activity in the region it should be noted that as deep destruction of rock layers in the crust 

is closely related to the geodynamic tension of tectonic plates, the known models of earthquake preparation 



Palaeoclimatic and palaeoenvironmental changes in the Caspian Region 

 89 

(diletation- diffuse and avalanche-unstable fracturing) are characteristic both for the periods of compression 

and of the crust extension. In addition, it is believed that intrusive body which according to the concept of 

intralability creates additional tension and by causing seismic dislocation plays a certain role in the prepara-

tion of the earthquake (5, 10).  

Therefore, earthquakes which take place every year, as well as occasional intensification of mud volcan-

ism testify to the geodynamical stress condition of the crust and its quasiperiodic nature of changeability. It is 

assumed that strong earthquakes which occur due to the rise of the sea level are connected with the compres-

sion regime and those which happen during the fall of the level are associated with the crust extension regime. 

Statistical analysis of historical and archaeological data, and instrumental observations of the fluctuation 

of the Caspian Sea show that besides Qauternary and its more ancient large-scale transgressions-regressions 

alleged and fixed multiple fluctuations have been taking place throughout the history of the sea since its 

isolation from World Ocean. There is no doubt that this phenomenon happening with varying frequency 

and amplitude will keep on happening in the future as well, and apparently will continue up to the anver-

gence stage of the evolution of the relief and the final closure of relics of the Tethys Ocean. Therefore, the 

study of the relationship of sea level fluctuations with endogeodynamic factors, in particular, the regimes of 

the crust stress, remains a very challenging problem and its solution is of great importance in the economic 

and socio-environmental plan (13). The observed periodicity of the Caspian Sea fluctuation, which is cer-

tainly influenced by the eustatic factor, displays a close relationship with a quasi-periodic changeability of 

crustal tension and regime interchange, compression, extension and relative stabilization. Thus, during the 

periods of compression regime due to the crust compression there occurs thrusting of rock masses and 

withdrawal of interformational waters contained in them into the basin and constriction of its bath, and dur-

ing the decompression regime there takes place extension of the crust, extension of rock formations and 

reabsorption of basin waters and expansion of its bath. Thus ,in the first case due to the increased water 

volume and decrease of the basin volume there takes place a rise in the sea level and in the second case due 

to the decrease of the water volume and increase of the basin volume there is observed a fall in the sea lev-

el. So, the established regularity allows us to use it as an indicator of changes in the geodynamic regime of 

the crust and thereby predict the time and terms of compression/extension regime and stabilization of the 

geodynamic stress. This taken into account allows us to state that periods of rapid rise and fall of the level 

of the Caspian Sea will be limited to the periods of intensification of compression and extension respective-

ly, and long-term periods of high and low stand in the sea level ï to the periods of relative stabilization of 

the crust tension. 

It should be noted that verification of the validity of the doctrine under consideration can be carried out 

by space-monitoring or by high-precision re-leveling by means of establishing a remote connection be-

tween the special receiving-transmitting sets installed at ground-based control stations(light houses, survey-

ing benchmarks, etc. and stationary satellites as well as by establishing precise geodetic triangulation net-

work to cover the most characteristic geotectonic structures-blocks of the region. The results of the ob-

tained information will make it possible to determine the character and quantitative parameters of recent 

tectonic movements and thereby make judgements of the geodynamic environment of tectonic plates and 

crust of the Caspian region (3).  

Plate-tectonic concept of minerageny allows to stick to endogenous, deep mantle origin of hydrocar-

bons. At the same time it is assumed that expulsion of hydrogen-carbon-concentrated fluids in continental 

and marine depression of the mantle migrate from the deep subcrustal faults into the overlying rock layers 

and once reaching the impermeable shielding clay layers of sedimentary cover concentrate in sediments 

with reservoir properties and under favorable lithologic-structural and thermodynamic conditions form oil 

and gas fields. Herewith, geodynamic conditions and laws of their formation and location allow us to as-

sume that the volume of oil and gas production should increase during the periods of compression regime 

and decrease during the periods of decompression regime of geodynamics of the Earth crust, which is evi-

denced by its quantitative indicators (2). 

 
CONCLUSION 

We believe that geodriftgenal concept will compensate for the theoretical crisis in geomorphology con-

nected with the collapse of the doctrine of geosynclines and play an important role in understanding the 

mechanisms and regularities of formation and evolution of Earth relief. The possibility of correlation of the 
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periodic fluctuation of the Caspian Sea level with the crust regime allows us to use this relationship as a 

geodynamic indicator: catastrophic rise/fall of the level will reflect intensification of extension and com-

pression respectively, whereas high or low stand in the level will testify to relative weakening of tension.  

This principle is of utmost importance. This principle has great importance for the forecasting of devas-

tating natural phenomena connected with the fluctuation of the sea level rise, the rational use of natural re-

sources of the Caspian Sea and the coastal regions, for insuring the sustainable functioning of the oil sector 

as well as and for tackling other scientific-applied issues. 
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INTRODUCTION  
The susceptibility of coastal lowlands, which affected by climatic process, water level changing of 

oceans and seas and impacts of anthropogenic activities, is very high. So that the ecological and morpho-

dynamic characteristics of these regions become involved in a critical vulnerability due to the function of 

sea water level rise and down periods. In fact, slight slope of lands behind coast which have negative and 

reverse direction as compared with coastal berms, provide favorable conditions for marining on the occa-

sion of water level rise and coastal aquifers piezometric level rise. Consequently, marginal wetlands appear. 

In view of biodiversity in these areas, habitat value and significance for conservation objectives is strongly 
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considerable. Miankaleh wetland has such environmental importance so that according to the defined crite-

ria by international union for conservation of wetlands has presented as a protective area [1].  

The connection of this basin and Caspian Sea is established via marginal canals. Usually in the case of 

water level rise, vast parts of littoral zones could be submerged then territory of Miankaleh wetland will 

expand. The main question of this study is the impact assessment of natural and anthropogenic factors on 

morphodynamic deformation in Miankaleh lowland area. Environmental and erosive vulnerability condi-

tions of this area have increased because of Low and reverse slope sandy shore, Caspian rapid sea level 

changing and hydrodynamic forces from it, furthermore economical efforts expansion (fishery, port, oil and 

gas, tourism, power plant and construction). The results of several surveys prove that this coastal signifi-

cant area of Caspian Sea has permanently been impressed by environmental forces of Caspian Sea level 

changing throughout the Quaternary geological history [2]. Hence current morphological appearance is 

depended on hydrodynamic forces and Caspian Sea water fluctuations [3]. With the comparing the shore-

line transpositions of Caspian Sea south-eastern coastal parts on the region between Torkaman and Gomi-

shan ports in 40 recent years, we can find out the replacement rate and morphological deformation of Cas-

pian Sea slight slope coasts along with rapid fluctuating periods[4].  

Furthermore, it is proven that the wide sandy area evolved from flows parallel with coast in direction of 

west to the east throughout recent several thousand years [5]. Survey about native and immigrant bird bio-

diversity of mentioned wetland in addition to the benthic and fishes, show precious habitat value and exces-

sive bio susceptibility of this area [5]. Recent accumulation of trading and commercial efforts in ports, wa-

ter effluents from city and village communities and leading industries, solid waste disposal, toxicant con-

centrations generated from fertilizers and pesticides, is the main cause of increasing environmental vulne-

rability rate around Gorgan bay and Miankaleh wetland [6]. Therefore, this study aims to assessment of 

morphodynamic deformation which effected by both sea water level changing and anthropogenic activities 

in Miankaleh peninsula. To achieve this main goal, we have identified precisely the recent sedimentary 

morphodynamic characteristics of studied area. Then we have simulated the structural reaction encounter 

with the mentioned agents by taking advantages of aerial photos processing and field observations.  

 

METHODS AND MATERIAL S 

Studied area 
The slight slope and lowland, Miankaleh is located on the south ï eastern regions of the southern coasts 

of Caspian Sea in the lengthwise direction around a canal between Torkaman port and Ashoradeh peninsula 

where is adjacent to the Amirabad port (fig.1).  

 

  
 

Fig. 1. Study area location map 

 

It is situated in the widthwise direction between Gorgan bay and Caspian Sea (fig.1). This area is ex-

panded as a sandy spit in the direction of western, eastern along with the Caspian Sea shoreline. The length 

is about 70 kilometers and the width is about 2 kilometers. There is one of the most important Caspian Sea 

ports (Amirabad port) in the western parts of this region. Also Ashoradeh peninsula, in the end of eastern 

parts, is considered as a main center for the sturgeons fishing. The aqueous connection of the Gorgan bay and 

Caspian Sea is feasible via marginal canals such as Ashoradeh and Khozeini canal. The vast regions of Mian-

kaleh area is covered by maritime sandy sediments which appear in the intercalation shape of the microlithic 



Palaeoclimatic and palaeoenvironmental changes in the Caspian Region 

 92 

and adhesive wetland sediments. This kind of sediments is seen in central parts of peninsula that contains lots 

of mussels. Also, the eastern parts of Miankaleh include sedimentary wetland environment and middle part 

where is concentrating location for the majority of the aquatic organism.  

 

Methods 
After collecting required data and documents on Coastal modification impact on the low land of Mian-

kaleh from research centers and organizations, we surveyed in detail several references obtained from 

cross- referencing in papers and from internet researches. Then primary familiarity with studied area was 

taken place from the viewpoint of natural geology and environmental attributes. Thereafter, morphologic 

features and widespread morphodynamic phenomena conditions of this area were assessed with applying of 

satellite images (Google earth). Simultaneously, field observations and sampling transects were determined 

(fig. 1). Sedimentary morphodynamic structure condition of the area in the direction of vertical to shoreline 

between Gorgan bay and Caspian Sea was sampled and measured by field works conducted around eight 

transects where it was chosen in lengthwise direction of Miankaleh.  

Moreover, to determining the impact of anthropogenic activities on geometrical structure and sedimen-

tary morphodynamic along with 3 stations around Amirabad port, needed measurements were performed in 

western, central and eastern sections of coastal area. After preparing of sedimentary samples in the labora-

tory and accomplishing some required examinations, we analyzed the characteristics of sediments texture 

from the viewpoint of particle size and distribution thus related sedimentary environment. Subsedimentary 

environments and shorelines around peninsula were assigned by transferring data to the geological informa-

tion system (GIS) and putting down them on digitized map. The transpositions of shoreline and submer-

gence of coastal lands were verified by Interpreting and comparing of aerial photos belonged to a 40 years 

period of times (1965-2005) in a scale of 1:10000 which contains both water level rise and down condi-

tions. After that, we achieved to identify vulnerable regions towards Caspian rapid sea level fluctuations. 

Finally bioecological conditions and the territories of paludic lowlands were assessed by comparing the 

sedimentary subenvironments in both Caspian Sea water level rise and down.  

 

RESULTS 

Å Morphodynamic and morphological features of Miankaleh  
The aerial photos processing and field works conducting around eight measurement transects (fig.1) 

specify that Miankaleh Sand spit possess morphologic sub-strata and sedimentary sub-environments in the 

direction of west to east. 

 

Å Morphodynamic structure transposition  
The consequences of processing and comparing the aerial photos of Miankaleh coastal regions in a pe-

riod of times (1965-2005) which contained Caspian Sea water level rise and down phenomena, show dif-

ferent dislocation of Miankaleh peninsula shorelines in western, central and eastern parts. The scope of the 

coastal lands submergence in the situation of water level rise has diverse features in the different regions. Be-

sides the extension of coastal morphodynamic features such as: erosive bays, connecting canals, wetlands and 

sandy spit expansion happen more in the case of sea water level rise to sea water level down. In the time of 

Sea transgression period, the growth of vegetable coverage is seen more in berms and sandy dunes.  

 

Table 1 

Sedimentary morphodynamic and morphological stratification of Miankaleh Sand spit 

Morphodynamic Phenomena Sedimentary sub-environments Miankaleh Region 

Erosive terraces, Beach 
cusps,Sand Dunes,Primitive beach 

and Fluctuation terraces 

Aeolian environments, Primitive 
Berms,Wetland Fringe, Shoreline,Wetland 

Band Beam,Gorgan Bay 

Western Part 

Beach cuspsRipple 
marks,Scattered Sand Dunes,Strip 

Pool Pits,Sand Spits 

Shoreline, Wetland,Sand Dunes,marginal 
canals,Wetland Fringe,Gorgan Bay 

CentralPart 

Pool Pits, Lagoon Marginal lagoon,̪Primitive Sandybeach , 
Gorgan Bay 

EasternPart 
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Table 2 

Geometric and morphodynamic structure characteristics of western coastal parts of Miankaleh 
 

Station 
No. 

Geographical position Morphodynamic features 

x y 
1 36,83575 53,22120  Delta, berm, Sand Dunes 

2 36,85000 53,39999 Erosive terrace, beach cusps, Destroyed Sand dunes,  

3 36,86837 53,47748 Sand bar, ripple mark, Small Beach cusps, Sand Dunes 

 

Å Anthropogenic impacts on coastal structure deformation 
The evaluation of geometric and morphodynamic structures in sandy spit western parts of Miankaleh 

around the 3 measurement stations in the west direction to the east of Nekaroud embouchure to the end of 

Amirabad east part, confirms the erosive phenomena enlargement produced by anthropogenic activities like 

ports, sheep building, power plant and related oil and gas industries in centre of Miankaleh western regions 

(tab.2). So that shoreline has been retreated to 900 meters in this part of Miankaleh and the growing trend 

of erosion involves sandy dunes which caused coastal berms eradication. This event has influenced the lo-

cations of 20 kilometer radius from west direction to the east. The most important engineering construc-

tions, which affected the erodibility of Miankaleh western parts, are coastal break water obstacles, groins 

and coastal guard constructions. 

 

DISCUSSION 

ÅField observations and satellite images analysis 
The conclusions from field observations and satellite images analysis indicated that sedimentary mor-

phodynamic and morphologic features of Miankaleh peninsula have specific qualities as well as at the end 

eastern of Amirabad part to the central point of Tazehabad coast adjacency in Miankaleh sandy spit is 

formed of the Caspian primitive coastal sandy sediments. The coastal profile from Gorgan bay to the Cas-

pian Sea shoreline orderly contains: lowland part of Gorgan bay with the dominant vegetable coverage of 

Xanthium shrubs and filled with calcareous shell of mollusks (bivalve and gastropod). After that we reach 

the primitive sandy coast of Caspian Sea with an altitude code of -24 that embraced microlithic sandy se-

diments and marine mussels (Cardium edule).  

This part of Miankaleh sandy spit is covered by prairie, raspberry bushes and sour pomegranate. The 

surface of sandy sediments dressed in dark brown colored soil whose thickness is about 10 centimeters. 

After the wide area of primitive Caspian Sea berms, we arrive to the inactive sandy dunes which have ex-

tensive vegetative coverage. In the next area, active and semiactive sandy dunes could be seen. Ultimately, 

the coastal profile leads to a slight sloped beam which has reverse slope towards coastal berm along Cas-

pian Sea shoreline with the coverage of halophytes such Xantium plants.  

This kind of biomorphological state exists in whole of western parts of Miankaleh. In fact, the morpho-

logical feature assessment of western parts of Miankaleh shows the function of Caspian Sea water level rise 

excessive phases in the past whose altitude code is changed of -24 to present -26.5.  

Coming a large amount of sandy sediments out of sea surface, is the cause of sandy dunes formation. 

The widthwise expanding of sandy dunes territory is strongly related to the vegetative coverage enlarge-

ment. Due to reduction of sandy sedimentary substances, coastal berms deform to marginal wetlands in 

central parts of Miankaleh coast. Faraway from shoreline, sand spits are formed by coast paralleled flows in 

west direction to the east. At the back of these sand spits, strip wetlands have been created with the average 

depth of 1.5 meters. The accumulation of vegetative coverage and the permeability of coastal lands in this 

area have been caused the decrease and dispersion of sandy dunes in Caspian Sea primitive coast.  

On the other hand, marginal basins such as wetland appear strongly in eastern slight sloped parts, while 

coastal sands have been disappeared. Submergence situation of this part of Miankaleh coast has been so 

fragile that a vast part of this area has sunk since 1978 when Caspian Sea water level has increased 2.5 me-

ters up to now. Consequently; Khozeiny canal and aquatic connection width between Gorgan bay and Cas-

pian Sea has been developed. One of the morphodynamic features of this area is the creation of erosive 

bays in south- eastern part of Miankaleh. The penetration of sea brine is the cause of salty land generation 

in lowland around Gorgan bay. Salty crystals appear in the mentioned salty lands at aridity time. Therefore 
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Miankaleh contains 3 morphological features; coast, intermediate and wetland in direction of west to east. 

The erosive vulnerability in the edge of Miankaleh sandy spit is increasing from west to east. 

 

Comparing of the aerial photos analysis conclusions:  
The result comparisons of aerial photos processing during 40 years (1965ï2005) which include two im-

portant Caspian Sea water level rise and down phases, prove deformation manner of Miankaleh sandy spit 

related to Caspian Sea water level changes. The collected data from limnograph stations show about 3 me-

ters depression in sea water level from 1940 to 1979, whereas; Caspian Sea water level has got a rapid rise 

about 2.5 meters from 1979 to present. The examination of morphodynamic deformation rate in Miankaleh 

coast indicates that erosive vulnerability mostly exists close to the eastern regions between Torkaman port 

and Ashooradeh in the mentioned times. The slight slope of this region helps speed rate of marining and 

generally morphological features have been changed seriously as connecting canals (Khozeiny) and wet-

lands widthwise have been developed. 

Morphodynamic deformation rate is more expanded in eastern parts in compare of western parts in as 

much as the shoreline has moved only 60 meters up to now. In consequence, marining is seen fewer in 

western parts. In the case of sea level regression, raspberry bush lands and sour pomegranate shrubs are 

expanded through the berm, however; owing to the water level rise and soil salinization, the mentioned ve-

getative coverage are destroyed and the bodies can be found under sediments. Meanwhile; it is proven that 

the most Vulnerability towards sea water level rise seems from the end of eastern to central part of Mianka-

leh peninsula. Other regions have fewer Vulnerability risk.  

 

Å Anthropogenic impacts on erosive vulnerability  
Port constructions, groins building, coastal break water obstacles, coastal guard constructions, land sur-

facing and sand takings, increase erosive Vulnerability in western parts of Miankaleh close to the multipur-

pose Amirabad port. Actually Amirabad port (in the end western part) and Ashooradeh peninsula (in the 

eastern part) are affected more by anthropogenic activities. In addition; erosion phenomena has been seen 

more in Amirabad free zone in compare of eastern parts of Miankaleh.  

The rest area of Miankaleh is under protection with no human access and damages. The measurements 

of geometrical structure in western coast of Miankaleh indicate that quay and coastal break water obstacles 

induce radically berm deformation and shoreline strike deviations (tab2). There is sedimentary accumula-

tion in west of Neka power plant (station No.1). To the west, the affection of coastal flows causes coastal 

disruption and erosion of central parts (station No.2). The main morphodynamic features, which have been 

obtained from human activities, are known as appearance of vast erosive terraces, developed crescentic 

beach cusps and disappearance of berm and sandy dunes (station No.2). Dramatically the effect of con-

structions on coast is reduced by going far from central part (station No.3). Actually the impact of marine 

constructions is caused the movement of shoreline about 900 meters exactly in central regions.  

Therefore; the western coast of Miankaleh is vulnerable and dangerous in view point of anthropogenic 

activity expansion. Finally; because of gentle slope in littoral zone which generated by coastal break water 

obstacles and quay, provide artificial condition of coastal land submergence.  
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INTRODUCTION  

Well-known, that changes of the World ocean level, the seas, large lakes and other reservoirs strongly 

depends on a global and regional climate. The Earthôs climate is an extremely complex nonlinear system 

with numerous feedbacks, the dynamics of which are not obvious. To define tendencies of the further 

changes and to reveal relationships of cause and effect of mathematical models absolutely insufficiently. It 

is necessary to study laws of variability of climatic parameters on the big time intervals. 
The following problems have been examined in our research: (1) Analysis of the Black and Caspian 

Seas level change during tool supervision and over Late Pleistocene and Holocene; (2) Study of changes of 

three climatic parameters (temperature, precipitation, and atmospheric pressure) during the instrumental 

measurement period; (3) Definition of the degree of influence of these parameters on river discharge and 

sea level change in the Black and Caspian Seas by cross-correlation tests; (4) Study of the periodic struc-

ture in time series using trend-analysis, spectral and wavelet analysis ; and (5) Analysis of the reasons giv-

en for sea level change of the World Ocean, the Caspian and Black Seas and the scenario of change pre-

dicted for the future in the Black Sea. 

 

CASPIAN-BLACK SEAôS SEA-LEVEL OSCILLATION OV ER LATE  

PLEISTOCENE ï HOLOCENE  
According to the known theory of fluctuation of World Ocean level (and the seas) and continental lakes 

level for Pleistocene and Holocene occur synchronously, but have an opposite sign. These fluctuations oc-
cur as the result of global changes of a climate (Feodorov, 1978; Richagov, 1997; Shmuratko, 2001).  

On the long time periods of level change of the Caspian Sea and Black Sea as a whole occur under this law, 
really. However on rather short periods essential deviations from this law are sometimes fixed. On astronomical-
climatic-eustatic models (Zubakov, 1986; Shmuratko, 2001) the level change of Black Sea lags behind fluctua-
tions of World Ocean almost on the quarter of phase the millennium-cycle. What the reason of it? 

Black Sea is midland though it is connected to Atlantic Ocean through system of narrow passages and 
the seas, as is known. Black and Caspian exhausting are removed on significant distances from the centers 
of origin of climatic changes: North Poles and Atlantic Ocean. 

On data by Mikhaylov (2000) and Richagov (1997) Caspian Sea level in Late Pleistocene and Holocene 
had big fluctuations in amplitude. The Khvalinian stage included two transgressions in histories of Caspian Sea: 
the largest for the Pleistocene ï Early Khvalinian (40-70 thousand years BP, a maximum level 47 abs. m, that on 
74 m is higher modern) and Late Khvalinian (10-20 thousand years BP, rise of the level up to 0 abs. m).  

These transgressions were divided deep with Enotaevian regression (22-17 thousand years BP), when the sea 
level has fallen up to ï 64 abs. m also was on 37 m below modern. Significant fluctuations of sea-level occured 
and during Novocaspian stage of his history which have been concurrent with Holocene (last 10 thousand years). 

After Mangishlak regression (10 thousand years BP, downturn of a level up to ï 50 abs. m) five stages 
the Novocaspian transgressions divided small regresses were marked (fig. 1ɸ).  

Geological history of Black sea in the same interval of time tested also significant events on scales: 
Neweuxinian regression (Neweuxin-I, 30ï20 thousand years ɺʈ when the level has decreased up to -100 
é-110 abs. m), Neweuxinian transgression (Neweuxin-II, 18,0 ï 9,5 thousand ɺʈ, the level has risen up to 
absolute marks of -25 m (shelf) and up to -17 m (Prichernomorian limans), about 6 thousand ɺʈ the level 
was higher modern +1-2 m. In Holocenian history of basin there were large enough regressions (maxi-
mum): about  8.2, 6.2, 4.0, 3.0-2.3 thousand ɺʈ (fig. 1ɺ) (Konikov, 2007).  
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Fig. 1. (A) Sea-level change of Caspian Sea  by Richagov (1997) (In Mikhaylov, 2000);  (B) level change of Black Sea 
(Konikov, 2007) and Atlantic Ocean (Mºrner, 1971) 

 

Comparison of these events for the Black and Caspian seas shows some deviations from the general 

laws. Interest causes essential conformity Enothaevian regression with regression Neweuxin-I. The Man-

gishlak regression coincides with small amplitude regression of Black Sea (Shnyukov, edid., 1985). Re-

gressions of Caspian Sea during prehistoric time (ɺʉ) between transgressions I, II, III and, in part, IV as a 

whole coincide with Early Drevnechernomorian, Tirasian and Khadzhibeian regression (Konikov, 2007). 

 
GLOBAL AND REGIONAL CLIMATE CHANGE AND S EA-LEVEL OVER  

INSTRUMENTAL OBSERVA TION  
Boichenko and Voloshchuk (2006) have shown that there is an alternation of long periods of warming 

and cold snaps in the extra-tropical parts of the Northern Hemisphere during the last hundred years that can 

be considered as a component of natural variations. Climate change in the northwestern region of the Black 

Sea has shown an increased trend in mean annual surface temperature. Regional temperature changes, in 

comparison with global changes, are less pronounced. This results from the fact that warming has a width 

differentiation (amplifies at high latitudes). It is notable that from the middle of the 1920s, the global situa-

tion varied slightly: there is an insignificant increase in mean annual temperature and a substantial increase 

in precipitation. 

A stronger link with these indicators (temperature, pressure and RSL) is found in the Caspian Sea. 

Analysis of the components of water balance in the Caspian Sea has revealed that the basic contribution (up 

to 72% of dispersion) in variability of sea level is attributed to inflow of river water within the Volga River 

basin (Mikhaylov, 2000; Arpe and Leroy, 2007). The reasons for the change in the Volga discharge include 

variability in atmospheric precipitation (largely during the winter) in the river basin. The precipitation re-

gime, in turn, can be defined by atmospheric circulation. It has been shown that an increase in sediment 

discharge into the Volga basin is related to sub-latitudinal atmospheric circulation, and a reduction to a sub-

meridional type of circulation. Other studies, however, have related changes in the Caspian precipitation 

regime to pressure systems in the Pacific Ocean (Arpe and Leroy, 2007). 

The World Ocean is a system of an integrated kind reflecting changes of a global climate. Thus changes 

in global temperature reveal changes in sea-level change of the World Ocean. Interdependence between 

these factors is characterized by cross-correlation factors of 0.61 to 0.72. For the Black Sea, numerical val-

ues of atmospheric circulation even to a greater degree, than the temperature are connected with considered 

parameters (such as sea level, rivers discharge, and atmospheric precipitation).  
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The original source of the moisture in the Volga basin includes the influences of the North Atlantic 

Ocean. It is there that greater evaporation from the sea surface leads to an increase in the amount of mois-

ture transferred to the Eurasian continent and, consequently, to increased atmospheric precipitation in the 

Volga basin.  

Recent water level fluctuations in the Caspian Sea level have been influenced mainly by anthropogenic 

factors. For example, there was a reduction in discharge because of irrevocable losses to in-filling, sedi-

ment fill following dam-construction on water basins), evaporation from the surface of artificial reservoirs, 

and water extraction for irrigation. It is believed that since the 1940s, irreversible water consumption stea-

dily increased, which has led to reduction of inflow of river water to the Caspian Sea and an additional de-

crease in its level compared with the natural trend. At the end of the 1980s, the difference between actual 

sea-level and the restored (natural) one has reached almost 1.5 m (Malanin, 1994). Thus, total water con-

sumption in the Caspian Sea for those years has been estimated at 36ï45 km3/year (the Volga accounting 

for nearly 26 km3/year). If not for the withdrawal of river water, the rise in sea level would have begun not 

in the late 1970s but in the late 1950s (Mikhaylov and Povalishnikova, 1998). Technogenic influence on 

water balance of Black Sea has begun in the late 50-years. Building of the water basins on the large rivers 

(Dniester, Dnieper, Danube) at this time has begun. The Dnepr discharge is reduced at the expense of with-

drawal from water basins almost on 75 %. However thus level lifting in Black proceeds. 

 

PERIODICITY OF VARIA TIONS IN CLIMATIC FA CTORS AND SEA LEVEL  
Wavelet-analysis of a global temperature time series has allowed identification of cycles of around 10, 

20-25, 55-60 years which are superimposed on longer periods (e.g. 100-130, 300-329 year cycles). These 

small-scale cycles are present throughout ï the entire period of recorded observations of 1864-1984, includ-

ing the industrial and post-industrial periods (Fig. 2).  

Most climatic indices show a dominant influence of the 60-year-old fluctuation (e.g.  Datsenko and 

Monin, 2004). Bojchenko (2007) made   spectral analyses of temperature for the interval from 1000-1850 

AD and also found quasi-periodical fluctuations with periods of 57Ñ1 and 66 Ñ 2 years. The last observable 

60-year cycle began in the 1970s. Its peak coincided with the beginning of the current 21
st
 century. It is 

likely that the temperature maximum of the 60-year-old cycle has terminated and some stabilization and the 

tendency for temperature decrease will be observed in the future. The assumption of a pause in global 

warming within the next decades, similar to the pattern from 1940-1970, has been forecast by Datsenko and 

Monin (2004). 

 

 
Fig. 2.  The time number of cyclical change in global temperature and its wavelet transformation (left) and standardised  

wavelet values   corresponding to scales 17 (~22 year period) and 29 (~60 year period). 

 

THE POSSIBLE SCENARIO OF DYNAMICS OF THE BLAC K AND CASPIAN SEAS 
Considering the 60-year fluctuations of temperature, in the next 20-30 years, some stabilization of level 

fluctuations of Black Sea is expected, with a slow trend towards its increase. For the Caspian Sea after the 

increase period, after the middle of the 90-year cycle, a decrease is marked. The level of Black Sea (on sta-
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tistical forecasting) may rise 15 cm by 2050 AD and 30 cm by 2100 AD. In the most adverse scenario, it 

could increase 40 cm by 2050 AD and 100 cm by 2100 (Konikov, Likhodedova, 2007). Last two decades 

when rising of Caspian sea level has begun, in the majority of forecasts accelerated growth of level to ï 25 

and even ï 20 abs. m was predicted almost linear and above in the XXI-st century beginning. Decrease in 

mid-annual levels last four years in total on 0,34 m, probably, testifies that in 1995 level has reached the 

maximum (-26,66 abs.m), and about change in the tendency of a course of Caspian sea level. Anyway the 

prediction, that a sea level hardly will exceed a mark ï 26 abs. m (Richagov, 1997), apparently, is justified. 

 

CONCLUSION  
By means of the statistical analysis, the relationship between relative sea levels (RSL) in the World 

Oceans and the midland Black and Caspian seas is linked with climatic parameters. Consequently, we show 

the statistical dependence of Caspian Sea water level with RSL in the World Ocean and changes in atmos-

pheric circulation is greater than for Black Sea. Based on spectral and wavelet analyses for time series of 

climatic factors, river discharge and sea levels for almost 200 years of measured intervals, statistically sig-

nificant periods are determined to occur at cycles of 10, 20-25 and 55-60 years. Short periodic cyclicity has 

been established for intervals of the following lengths: seasonal, 2-3, 5-7 years. Analysis of long data series 

for d
18
ʆ stable isotopes in Greenland ice, and Dnieper discharge reveal quasi-600-year and quasi-300-year 

cycles. The scenario of change of in the climate and water level of the Black and Caspian seas during the 

next few decades and the long-term forecast is presented. Rise in the level of Black Sea water may proceed 

as early as 20-30 years ahead and will reach stabilization by the end of the 21st century. Then a regressive 

decrease in level may be expected according to influence Shnitnikov humidity cycle. The Caspian Sea level 

will continue to rise, that corresponds to model Arpe and Leroy (2007). For the big periods (it is more than 

10 thousand years) the climatic mechanism and levels of the Black and Caspian seas accurately works are 

in an antiphase. On shorter periods there are deviations from this law. 
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INTRODUCTION  
The Caspian Sea is a unique component of Earth's landscape, as it is the closed sea-lake with a huge 

catchment, which makes the Caspian a reliable moisture integrator reflecting both long- and short-term 

climate fluctuations within a vast territory. Historically the Caspian Sea can be considered in terms of per-

manent alternating transgressions and regressions, resulting from fluctuations in moisture content and water 

budget element relations in the past epochs. 

Throughout more than 200 years scientists have been trying to discover the nature of the Caspian Sea 

level (CSL) fluctuations. The contemporary ideas about the CSL fluctuations are based on the structure of 

the CSL water balance that is determined mostly by the climatic factors. The amplitude of the CSL fluctua-

tions does not exceed 4 meters during the instrumental period from the highest level (-25.2 m BS) in 1882 

to the lowest level (-29.1 m BS) in 1977. Whilst the amplitude mounted to 8-10 meters during the New-

Caspian transgression, some estimates suggest 12-19 m. 

In the 1930s water-budget calculations revealed the relationship between CSL fluctuations and riverôs 

inflow from the basin; the last has been a climate-related factor. Interest to this issue has recently increased 

due to sea-level rise from -29.1 m to -26.5 m and progress of anthropogenic global warming at the same 

time. This sharp raise of the CSL for 2,45 m in 1978-1995 has lead to flooding and submerging of the Sea 

coasts and caused sufficient economic and ecologic losses. 

 

CLIMATE CHANGE IN TH E CASPIAN SEA BASIN FOR THE LAST DECADES 
Since the late 19

th
 century the mean annual air temperature has increased by about 1.29Üʉ for the Rus-

sian territory that surpasses the global annual air temperature increase. Recent years the tendency towards 

warming has grown significantly and in the period of 1990-2000 the mean annual surface air temperature 

increased by 0.4
¯
ʉ. 2007 has manifested to be the warmest year followed by 1995 and 2005 for Russia. 

Anomalies of mean air temperatures were positive for all the seasons, more pronounced in the winter-

spring period (trend equals to 0.3Áʉ/10 years), less ï in the summer-autumn. In the autumn period, even, 

some cooling has taken place in western ETR up to 2000. Mean annual temperature has increased rather 

unevenly over all territory [Assessment report, 2008; Lemeshko, Speranskaya, 2006].  

In individual regions, including the basin of the Caspian Sea the temperature rise has been also significant.  

Air temperature and precipitation anomalies were evaluated for 1991-2000 (Efimova at. al., 2004) (ta-

ble 1) for the Caspian Sea basin. Geographically the northern (the Volga River basin) and eastern (desert 

area) parts of sea basin exhibit warming for all seasons with most significant rise of winter temperature.  

The Volga River discharge amounts to almost 70% (some estimates suggest 82%) of the inflow to the 

Sea. Runoff of three other large rivers (Ural, Kura and Terek Rivers) is about 1-6%. That is why we put the 

main emphasis on the Volga River runoff. For the last 50 years the Volga River was under the anthropo-

genic influence. 12 large reservoirs have been constructed in its catchment.  

Significant CSL fluctuations have been recorded throughout more than a hundred-year observational pe-

riod. From the beginning of observations till the end of 19th century the CS had a relatively stable level, 

fluctuating near -25.8 BC. The tendency to decrease in the mean annual Sea level was observed from 1882 

and continued up to 1977. In 1978-1995 there has been sharp raise of the CSL for 2.45 m up to -26.5 m BS 

(Project ñSeasò, 1992; Frolov, 2003). Duration of these inter-century fluctuation periods is comparable with 

the duration of the Atmospheric Circulation periods. The index of the North-Atlantic Oscillation (NAO) is 
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more frequently used now as a characteristic of the natural climate change [Hurrell and Van Loon, 1997]. 

Over the last three decades the index has been shifting to positive index values. The positive tendency of 

the CSL change coincides with positive phase of the NAO-index (Figure 1) and increase of Global air tem-

perature during last decades of 20th century.  For the period 1939-2000 the coefficient of correlation be-

tween the index of the NAO and CSL is 0.36 and  between Global temperature and CSL is 0.74. Therefore, 

the CSL could be considered as the function of general atmospheric circulation and global temperature. Its 

importance as an independent indicator of climate system change becomes higher now than it was sug-

gested before. 

Table 1  

Precipitation and air temperature anomalies for 1991-2000 from mean value of period 1951-1975 in 

the Caspian Sea catchment 
 

 Precipitation anomalies, mm Air temperature anomalies, Üʉ  

Year Winter Spring Summer Autumn 

Northern part 25 1,5 0,7 0,2 0 

Eastern part 50 1,2 0,2 0,6 0,2 

Western part 50 0,5 0 0,4 -0,2 

Southern part 0 1,0 0,2 1,0 0 
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Fig. 1. Five-years mean values of NAO index and Caspian Sea level 

 

 

THE COMPARISON ANALY SIS OF THE CSL CHANGE FOR THE WARM PERIO DS OF THE 

HOLOCENE  
The contemporary ideas about the CSL fluctuations are based on the structure of the Sea water balance 

that is determined mainly by the climatic factors. The amplitude of the CSL fluctuations does not exceed 4 

meters during the instrumental period. Whilst the amplitude mounted to 8-10 meters during the New-

Caspian transgression. 

Modern environmental and climate change has been caused by natural and man-made factors. To study 

both natural and anthropogenic climate changes and their impact on the CSL change we should compare 

three periods of the Holocene: two periods without visible human impact and the third one ï the last dec-
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ades of the 20-th century with a considerable anthropogenic influence, both local and global scales (regula-

tion of inflow by reservoirs and progress of global warming). But the main purpose is to analyze the impact 

of the climate variation to water balance of endoheric sea-lake.  

Based on our previous study, have been investigated three warm periods: the Holocene climatic optimum 

(6.2 ï 5.3 KA B.P.), the warming of 1930s and 1978-1995, in order to study ranges of the Sea level fluctuations. 

The time period 1978-1995 was accompanied by the global warming and the growth of the CSL from -

29.0 m to -26.5 m BS. For this period the Volga River basin was characterized by the following hydrome-

teorological conditions: air temperature anomalies was about +1.0ÁC for cold period and about +0.2ÁC for 

warm period; annual precipitation was by 2-6% and height of snow cover was by 11% higher than normal; 

number of days with anticyclones was by 13% less than normal and inflow to the Sea exceeded mean an-

nual one on 24 cub.km [Mescherskaya, 2002].  

Up to 1970s all rivers of Russian part of the Caspian basin were artificially regulated. As a result, the in-

flow to the Sea decreased on 9.2 % from the Volga River, on 24% from the Ural River, on 60% from the 

Terek and Sulak Rivers and on 12.8% by the Kura River. In total, the inflow to the Caspian Sea decreased 

about 12%, it equals to 25% from the Volga River runoff. The losses of water resources by evaporation 

from the reservoirs was about 8-10 cub. km (about 3% of the Volga River runoff) [Shiklomanov, Geor-

gievsky, 2002]. Under natural conditions (without human impact) the mean annual inflow should be equal 

to 343 cub km. Maximal volumes of the inflow by rivers have been observed in 1979 and 1985 (350 cub 

km per year) and in 1990 (360 cub km per year).  

The next period which was very important in the Caspian Sea history is 1930-1941. During this period 

Sea level decreased on 1.8 m and it falling was observed till 1977. Trend of Sea level was equal to 16 

cm/year for 1930-1941 and even for this short period of ten years it is statistically significant. 

Climate conditions over the Volga River basin for warm 1930s differ from 1978-1995. Winter air tem-

perature was colder on 0.2ÁC and summer temperature was warmer on 0.5ÁC. There was less than normal 

precipitation (by 17%), snow (by 6%) and river runoff (20 cub km per year). Number of days with anticyc-

lones was by 16% higher than normal. 

Comparison of water balance components shows that inflow by rivers was on 131 mm (40 cub km/year) 

and precipitation was on 75 mm less than in 1978-1995. Evaporation from the Sea was by 85 mm higher 

than for 1978-1995.  

In the geological past of the Earth there were warm epochs and some of them had the global tempera-

ture anomalies similar to predicting in the nearest future [Borzenkova, 1992]. The climatic optimum of the 

Holocene (6.2-5.3 KA B.P.) was characterized by global warming at 1 C̄. During this warm epoch winter 

temperature would be higher on 1-2 ʉ̄, and summer temperature would be higher on 0.5-1.0̄ C compare 

with 1881-1965 over the Volga River catchment. In the western part of catchment (Oka and Msta Rivers) 

precipitation would be lower on 25-30 mm per year, in the middle part precipitation would increase on 50 

mm/year, in low Volga and over the Caspian Sea water surface annual amount would be on 100 mm higher 

(Fig. 2). The Caspian Sea level in the climatic optimum of the Holocene was about -21õ- 22 m BS accord-

ing to estimates by Rychagov, 1994.  

A hydrological model has been used to estimate the changes in the water balance of the Volga River 

catchment and to model the CSL response to climate change [Lemeshko, 1992; Borzenkova, Lemeshko, 

2005]. The model is based on the semi-empirical calculation method and on paleoclimatic scenario for the 

Holocene climatic optimum, considered as analog of future conditions in some features. 

The scenario consists of the regional data on deviation of annual precipitation, winter and summer air 

temperature.  

Applied method allows to calculate the mean monthly values of evaporation, runoff and moisture con-

tent of active soil layer (1 m) using data on mean monthly values of surface air temperature, air humidity, 

precipitation, cloudiness, surface albedo and solar radiation, both for the modern climatic conditions, and 

for climatic conditions different from the present ones.  

The obtained mean values of potential evaporation and evaporation (monthly, seasonal, annual), runoff 

(annual) have been compared with observed data. The comparison shows their good agreement. Calculating 

accuracy of annual potential evaporation and evaporation is 8-10%. Modelling annual runoff of the Volga 

River equals to 274 km
3 

has been compared with data from the World Water Balance (1974) (254 km
3
). It 

was shown that the model enlarges runoff for 9 %.  
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22 meteorological stations located in the Volga River catchment have been used for modelling of water 

balance components for global warming by 1ʉ̄. Changes in annual precipitation according to the scenario 

of the Holocene climatic optimum and river runoff are shown in the Figure 2 (a, b).  

 

 
 

 
Fig. 2. Deviation of annual precipitation (left) and runoff (right) (mm) with Global warming by 10C. 

 
Changes in precipitation and runoff in outline have a similar geographical distribution. Decrease in pre-

cipitation leads to decrease in runoff in the upper and middle parts of the Volga River catchment and in-

crease of precipitation in the low Volga River leads to increase of evaporation and runoff, which are strong-

ly affected by precipitation for Holocene period as the temperature changes are not large.  

For the whole Volga basin mean annual changes of evaporation and precipitation are adequate and 

equal to 5 mm, and river runoff would not change. It means that additional amount of precipitation would 

be compensated by increase of air temperature in the study basin for this concrete climatic scenario. So, the 

sufficient changes of water balance parameters for the Volga catchment should not occur as the modeling 

values of evaporation and runoff are insignificant and are less than calculation accuracy.  

 

CONCLUSIONS  
Global climate changes influence natural and human systems and form new tendencies in the land hy-

drology, as well as in hydrological regime of inland water bodies. The paleoclimatologists usually consider 

the hydrological regime of closed lakes as the reliable indicator of changes in natural ecosystem and mois-

ture regime for different epochs in the past. Now we have made first attempt to use paleoclimatic recon-

struction to predict the hydrological regime with expected changes of climate.  

The temperature and precipitation anomalies have been compared for 1991-2000 and the Holocene op-

timum. It has been concluded that quantitative estimates of the air temperature and precipitation agree be-

tween themselves for the Caspian Sea basin [Borzenkova, Lemeshko, 2005]. It means that the climatic op-

timum of the Holocene should be used for the near future climate scenarios as well as for assessment of the 

Caspian Sea level change. 

Analysis of climate regime for the 20 century show that during warm periods of 1930-1941 (mean glob-

al temperature anomalies was 0,17
0
C) and 1978-1995 (mean global temperature anomalies was 0,32

0
C) 

behavior of the Caspian level was opposite. Duration of the CSL fluctuation periods is compatible with the 

duration of the circulation epochs. The atmospheric circulation is an important forcing phenomena of cli-

mate (precipitation, temperature, pressure) and hydrosphere (water level in the oceans, seas, lakes, river 

runoff) over vast areas, therefore, the circulation parameters for the remoter past epochs can form the basis 

for forecasting the future level of the Caspian Sea. 
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INTRODUCTION  
General rise of the World Ocean level in the 20th century causes world-wide concern on its impact on 

oceanic coasts. Predicting this impact is hampered by the slow pace of sea-level rise in the past, and the 

complexity of coastal processes. The Caspian Sea, having experienced sea-level changes of up to a hundred 

times the eustatic rate, offers accelerated real-world models of how soils behave under such conditions. 

These data can be used to calibrate and validate existing simulation models of soil behavior within coastal 

areas of other seas.  

Long-term monitoring of the Caspian Sea shore zone soils allows revealing the changes due to the whole 

cycle of sea-level changes. The first part of the cycle lasted for 50 years (1929-1978) and was characterized 

by the retreat of the sea, lowering of the ground water table, and general decrease in the degree of hydromor-

phism of the territory. The second phase of the cycle (1978-1995) corresponded to the rise in the sea level and 

the depth of the ground water, and to increase in the degree of water-logging of the soil cover. Studying the 

geochemical changes in soils and sediments of the Caspian coastal zone for the last cycle of the sea-level fluc-

tuations presents a key for the geochemical indication of sediment formation environments in the past. 

 

MATERIALS AND METHOD S 
We have studied geochemical consequences of the sea-level fluctuations at two key-sites: Turali area 

(western coast of the Caspian Sea) and Damchik area (northern coast, Volga delta). The Turali coastal plain 

extends along 10 km between Cape Satun in the north and Cape Bakay-Kichklik in the south, about 20 km 

south of Makhachkala, the capital of the Republic of Dagestan. The main part of the coastal plain is formed 

by a New-Caspian (Holocene) coastal terrace at about -22 m below the oceanic level (Kronstadt gauge). 
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The terrace ends on its seaward side by a fossil cliff about 3 m high, and is separated from the sea by a con-

temporary terrace which includes a narrow coastal strip, a lagoon, and the present-day coastal barrier. It is 

the modern terrace that the effects of the recent sea-level cycle have been monitored. The field investiga-

tions at the Turali site were carried out along a cross-section (150x400 m) near the Turali-7 fish factory 

stretching from the New-Caspian terrace scarp to the sea shore. The cross-section was studied in detail, 

including the coastal morphology, soil cover, vegetation succession and geochemistry of soils, sediments, 

water, and vegetation.  

Environmental changes in the Volga delta have been monitored in the Damchik area of the Astrakhanskiy 

Biosphere reserve in the western part of the lower delta plain. The Volga delta is one of the largest deltas in the 

world, and distinguishes itself from others by its extremely gentle gradient and by the impact of much more rap-

id sea-level fluctuations than at those along oceanic coasts (Kroonenberg, Rusakov, Svitoch, 1997). 

In both cases the coastal development has been studied by compiling data from existing maps, aerial photo-

graphs, satellite imagery and field data. Sediment architecture has been revealed using ground penetrating radar 

profiles in Turali and geophysical survey using the Parametric Echosounder in Damchik area. This was com-

bined with field description and sampling of a number of outcrops in Turali and augerings until 10 m depth in 

Damchik, which were studied in great detail for granulometry, pollen, geochemistry, malacofauna, and dated 

using AMS 14C techniques on mostly in-situ mollusks (Kroonenberg, Kasimov, Lychagin, 2008). Interpretation 

of the geochemical data was done on the base of the landscape geochemistry approach. 

 

RESULTS 
Our study showed that the environmental diversity of the coastal zone essentially depends on the Cas-

pian Sea level fluctuations. Along accumulative shores the sea transgression gives rise to geomorphologi-

cal, lythological, soil, biotic, as well as geochemical diversity of the coastal landscapes. This is caused by 

inundation and water-logging processes, with a corresponding rise of the groundwater table, and also si-

multaneous vigorous development of vegetation in newly-formed hydromorphic and semi-hydromorphic 

areas. On the contrary, the sea regression leads mainly to the passive drowning of the shore zone with a 

following decrease of the coastal environment variability. 

Geochemical conditions of the coastal landscapes are also caused by the sea-level fluctuations. Regres-

sive stages associate with a weak variability of geochemical environment in sediments and soils. They are 

characterized mainly by alkaline oxic conditions, and salinization as a leading geochemical process.  Geo-

chemical diversity of the coastal zone during transgressive stages is much higher. Conditions vary from 

neutral to highly-alkaline, and from oxic to highly unoxic. Newly-formed geochemical processes are pre-

sented by sulfidization, gleyzation, ferrugination, organic matter accumulation, and salinization. They 

cause a formation of various contrast geochemical barriers in soils and sediments with a consequent re-

distribution of chemical elements. 

New-Caspian sediments in Turali area are presented by marine sediments of regressive stages, lagoon 

deposits, paleosoils, and coastal bar sediments. Among them the lagoon deposits were found of the most 

interest due to controversial opinions on their formation. Application of geochemical methods gave us an 

opportunity to clear up some arguable questions. We used a ratio Fe/Mn to indicate conditions of the la-

goon sediment formation. These metals show similar behavior in the most of geochemical environments, but 

not in alkaline gleyic conditions, which are characteristic for subsoils and sediments of the seashore. Iron here 

shows a low mobility, since manganese migrates quite actively and accumulates in a rather high extent at geo-

chemical barriers. This feature is characteristic also for the recent terrace. Present lagoon sediments and 

marshy soils are enriched with both Fe and Mn, but factor of enrichment for Mn is mush higher. 

New-Caspian complex described in the outcrop TS-1 in canal Turali-Sulfat (Fig.1) includes sandy layer 

of the recent coastal bar (samples TS-1-01 ï TS-1-03), lagoon sediments (samples TS-1-04 ï TS-1-05), and 

a buried soil (samples TS-1-06 ï TS-1-09).  

Bulk value ratio Fe/Mn in a sandy layer is about 40, which is quite typical for New-Caspian sediments 

and close to the ratio of clarks of these metals in the earth crust. The ratio in lagoon deposits was found 

much lower: 10-20. According to data obtained for the present coastal marsh zone such a ratio indicates 

low salinity of groundwater in a strip adjacent to paleo-lagoon. This fact was interpreted as an evidence for 

more humid conditions in the area during a highstand of the Caspian Sea about 2600 BP (due to results of 

AMS-dating of bivalves found in the lagoon sediments).  
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Fig. 1. Outcrop TS-1 and Fe/Mn ratios 
(bulk values and forms extracted with 1N HCl) in sediment samples 

 

 
Fig. 2. Fe/Mn ratio in dated sediments of Core 11 (Damchik area) 
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Further research in Turali area and adjacent areas of Dagestan Republic confirmed these relationships. 

Lagoon layers in New-Caspian sediments from outcrops of Big Turali Lake and mouth of Shura-Ozen Riv-

er showed enrichment with Fe and Mn accompanied with a low Fe/Mn ratio.  

This peculiarity has been approved by our study of the Holocene sediments in Damchik area in the Vol-

ga delta. It can be shown on example of Core 11 drilled in October 2006 to the depth up to 9 metres. Chem-

ical analysis of samples from this core has revealed the lowest Fe/Mn ratio in layers dated about 2600 BP 

(Fig. 2). It coincides with results obtained at the Dagestan seacoast and speaks about similar geochemical 

conditions of the sediment accumulation in both areas during the New-Caspian highstand when the sea-

level reached -25 m.Analysis of data obtained for sediments samples from holes drilled in Damchik area 

presents different possibilities for the geochemical indication of paleoenvironments. Of a special interest 

are geochemical ratios Ba/Sr and Mo/Zr which can be used to distinguish buried soils and also to separate 

freshwater and marine sediments (Fig. 3).  

 

 
 

Fig. 3. Ba/Sr and Mo/Zr ratios in dated sediments of Core 11 (Damchik area) 

 

CONCLUSIONS 
Environmental diversity of the coastal zone essentially depends on the Caspian Sea level fluctuations:  

transgression gives rise to geomorphological, lythological, soil, biotic etc. diversity of the coastal land-

scapes, since regression leads to decrease of the coastal environment variability. 

The sea-level rise causes a development in the coastal marsh of a number of epigenetic processes, which 

determine a formation of complex geochemical barriers; it results in a complication of the coastal geochem-

ical structure, since sea-level fall leads to its simplification. 
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Studying the geochemical changes in soils and sediments of the Caspian coastal zone for the last cycle 

of the sea-level fluctuations presents a key for the geochemical indication of sediment formation environ-

ments in the past. A number of geochemical ratios can be applied for the geochemical indication of pa-

leoenvironments:  Fe/Mn, Ba/Sr, Mo/Zr, etc. 
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INTRODUCTION  

The Early Holocene Mangyshlak regression is a remarkable event in the history of the Caspian Sea. Da-

ta on this regression was first published by Zhukov M. M. Its traces in the form of specific erosive land-

forms (such as the Ural furrow) were established at the bottom of the Northern Caspian Sea. The age of the 

Regression was defined as post-Khvalynian, the amplitude of level recession is up to 22m below the current 

one (-50m abs. height).  

Later, based on the analysis of the structure of the Caspian Sea bottom sediments, it was shown that the 

level of the Mangyshlak Sea fell significantly below the specified mark, and that the regression was multi-

phase. It was established that between 8.5 and 10.0 thousands years ago, there were at least three stages of 

regression with level delays at altitudes of about -50m, -70m and -90m abs. [Mayev, 2006, 2009]. In this 

paper, the lithological features of the Mangyshlak bottom sediments were considered, and their relationship 

with climate change was discussed. 

 

STRATIGRAPHY AND LIT HOLOGY OF BOTTOM SED IMENTS  
The characteristics of the condition during the Mangyshlak period outlined here are based on the analy-

sis of materials in the structure of the Caspian Sea sediment cross sections. More than 150 sediment cores 

were investigated.  

Long sediment cores, lifted from the bottom of the Caspian Sea with the help of large piston and direct-

push sand samplers, showed a multi-layer structure of the cross section of the upper Quarternary bottom 

deposits of the Caspian Sea. The cross section includes a number of layers, whose properties are deter-

mined by changes in sedimentation conditions, first of all by cyclical nature of sea level fluctuations.  

The cross section contains lithologically different layers formed, of course, under substantially different 

sedimentation conditions. Lithologic isolation of the layers has appeared to be consistent over a large area 

of the bottom of the South and Middle Caspian Sea, including the shelf and deepwater areas. This made it 

possible to take lithostratigraphic principles supported with a correlation of sedimentation stages with a 
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known sequence of the major general Caspian paleogeographic events as the basis for stratigraphic parti-

tion of the cross section of the Caspian bottom sediments.  

Within the exposed part of the cross section, four layers (hori-

zon) are marked out, significantly different from each other by 

their lithological composition.  

The top horizon ï folded grey high-carbonate silts with shells 

of Cardium edule L. (= Cerastoderma lamarcki, C. glaucum) in 

the shallow parts of the shelf, has the medium and late-Holocene 

age (Q4nk). This horizon corresponds with the neo-Caspian trans-

gressive epoch. The main feature of neo-Caspian sediments is the 

significant content of chemical calcium carbonate ï 2-3 times more 

than in the underlying older sediments. 

The underlying second horizon is comparable with the Man-

gyshlak (early Holocene) regressive stage (Q4mg). Its lithological 

differences were most clearly manifested in the cores, taken on 

the shelf. The main feature is in the coarsening of the granulome-

tric composition of bottom sediments, right up to the appearance 

of inclusion of gravel-pebble material, which are weathered shel-

ly detritus. There are also traces of erosion of underlying sedi-

ments. All these features match well with the characteristics of 

the regressive basin: lowered level and reduced depths, dis-

placement of the coastline, etc. In the cores taken on the shelf, 

the joints of all Mangyshlak interbeds with underlying and over-

lying sediments are sharp, rough, and this indicates continually 

repeated erosion processes, and possibly, redeposition of sedi-

ments.  

The above features, together with the coarse-grained compo-

sition of Mangyshlak sediments indicate the predominance of 

high-energy conditions in relatively shallow water with active 

wave impact on the bottom during their accumulation period. The 

depth of the sea during the formation of Mangyshlak sediments 

was several tens of meters lower than in the same places today. 

The considerable scales of regression are suggested by the 

fact that changes in the structure of sediments, including an in-

crease in their coarseness are apparent not only on the shelf but 

also in the deeper parts of the Middle Caspian and South Caspian 

basin. Within their limits, the influence of the regression had an 

impact in the substantial change of the ratio of pelitic and aleuric 

fractions of deposits causing a significant increase in the propor-

tion of aleurite (fig. 1).  

Also a feature is the relatively low carbonate content of Man-

gyshlak sediments. It is significantly lower than the carbonate content of the neo-Caspian sediments, but 

much higher than the underlying upper khvalynian deposits. 

A special feature of the natural conditions of the Mangyshlak epoch was not only the extremely low po-

sition of the sea level, but also the presence of an additional source of entrance of terrigenous (fluvial) ma-

terial from the eastern coast of the South Caspian into the sea. Lithological features of sediments and the 

distribution of their thichness indicate this. Apparently, this source could be the ancient Uzboy River. In the 

preceding (late-khvalynian) and subsequent (Neo-Caspian) period, this coast, as now, remains a closed 

drainage area. 

Next, is the third horizon, the underlying sediments of the Mangyshlak age, are deposits of the late-

khvalynian transgressive basin (Q3hv2), the most deep-watered among the ones considered, and this is due 

to the thin mechanical composition of predominantly pelitic low calcareous deposits. 

 

Fig. 1. Cross section of bottom sediments of 
the Caspian Sea (core No. 101, western 

South Caspian, sea depth 406 m) 
ʘ ïʉʘʉʆ3 content; ʚ ï content of aleuritic 
fraction 0.1- 0.01 mm; 1 ï clayey silt; 2 ï 
aleuritic clayey silt; 3 ï law-calcareous 
clayey silt; 4 ï calcareous clayey silt 
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RELATIONSHIP WITH CL IMATE  
It should be noted that the composition of sediments of the studied part of the Caspian Sea bottom se-

diments is a clear proof of the connection between a change of transgressive and regressive stages with 

changes in climatic conditions in the Caspian Sea basin. Several features of the Caspian bottom sediments 

are subject to climate. We shall consider only two of them ï calcium carbonate content and the composition 

of palynological spectra.  

First, attention is drawn to a noticeable change in the content of ʉʘʉʆ3 on the borders of Mangyshlak 

layers with the underlying upper khvalynian deposits and especially sharp change ï with the overlying neo-

caspian (see figure). The close link with climate bearing-out rates from land to sea of dissolved ʉʘʉʆ3 is 

known: an abundant supply of carbonates in the sea and their accumulation in bottom sediments occur in 

warm and humid climates. It is also known that there are practically no calcareous components in the sedi-

ments of cold polar seas, and at the same time, their abundance in sediments of tropical seas. This explains 

the lowest carbonate content of the underlying upper khvalynian deposits compared to the time of their 

formation with the epoch of the Late Valdai Glaciation [Rychagov, 1997], which is characterized by fairly 

cold climate. A little higher than ʉʘʉʆ3 content in Mangyshlak deposits, formed during the early stages of 

the Holocene ï preboreal and probably boreal period with their relatively harsh climatic conditions and 

only had began with climate warming.  

A much sharper, spasmodic increase in the carbonate content of sediments is observed at the border of 

Mangyshlak and neo-Caspian layers. This leap is associated with the onset of the Atlantic period about 

eight thousand years ago ï the Holocene ñclimatic optimumò when the climate became much warmer and 

more humid. Palynological feature of the upper Pleistocene and Holocene deposits of the Caspian region 

emphasizes the climatic isolation of the Mangyshlak stage. Such isolation is clearly evident in the study of 

our cores [Abramova, Mayev, 1974]. In the upper khvalynian and neo-Caspian deposits underlying and 

overlying the Mangyshlak layers, spore-pollen spectra at the prevalence of herbaceous plants pollen still 

contain a significant amount of pollen of tree species. This suggests a significant involvement of forest 

coenoses in vegetative cover, which points to a relatively cold and humid climate. In contrast, the palyno-

logical spectra of Mangyshlak sediments are characterized by almost complete absence of pollen of tree 

species and the absolute dominance (95-97%) of herbaceous pollen, among which up to 87% are made up 

of xerophyte pollen. Such composition of pollen spectra shows a sharp xerophytization of the vegetative 

cover, continentalization and aridization of climate during the era of the Mangyshlak regressive basin. 

 

CONCLUSION 
Consideration of some features of the deposits of Mangyshlak horizon enabled us to clarify some pa-

laeogeographical features of the relevant epoch, including the position of paleolevel ancient regressive ba-

sin. Of particular interest are columns, taken on the eastern shelf near its outer edge in the zone of reduced 

thickness of neo-Caspian deposits, where lithologic isolation of the Mangyshlak layer deposits is most 

clearly pronounced. 

The investigation of bottom sediments showed that during the Mangyshlak regression epoch, the sea level 

decreased during the maximum stage to almost 100 meters below level of World Ocean. After a maximum re-

gression and before the first stage of the neo-Caspian transgressive basin, there were very high rates of level rise 

ï an average of about 20 centimeters per year. Note that close to this value, the speed of level rise was actually 

observed in separate years in the modern history of the Caspian Sea in the second half of the last century. 

These discovered features of the Mangyshlak sedimentation conditions and other epochs of the late 

Pleistocene and early Holocene strongly indicate a causal link of transgressive-regressive sea-level fluctua-

tions with a distinctly pronounced climate change. 
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INTRODUCTION  
Upper Pliocene (the Akchagylian) deposits are widely distributed within the southeastern part of the 

East-European Plain ï especially in the oil and gas province such as the Northern ʉaspian Region. Eco-

nomic activity, including environmental protection and management within oil and gas fields, requires geo-

logic and palaeogeographic studies, the prediction of environmental changes and the discovery of analogs 

for the latter. Amongst the various palaegeographical methods, pollen analyses play an important role since 

they provide the information on the flora, and vegetation and climate changes. The purpose of this paper is 

1) to present the Late Pliocene (the Akchagylian) stratigraphy; 2) to provide the complete information on 

the flora and the vegetation, and their changes through time; 3) to indicate the changes of ancient landscape 

and climate; and 4) to show the interrealationship of the changing climate and vegetation with the trans-

gressions and regressions in the palaeo-Caspian. 

This study uses material from the east of the Northern Caspian Region (between the Ural and Emba riv-

ers), where the palynology of the Akchagylian has been studied very little (Fig.1). 

 

 

Fig. 1. The Northern Caspian Region 

 

STRATIGRAPHY  
Until now the stratigraphic status of the Akchagylian has not been properly defined. 

A three-fold subdivision of the Akchagylian is the most widely used. In this work, palaeomagnetic 

boundaries are used to define the Upper Pliocene and the Eopleistocene, in accordance with published data 

(Nevesskaya et al., 1984; Pevzner, Vangengeim, 1986; Trubikhin, 1987; Nikiforova and Alekseev, 1989). 

The base of the Akchagylian is at the boundary between the Gilbert and Gauss paleomagnetic intervals, at 

around 3.6 Ma; the Akchagylian/Apsheronian boundary, is at the top of the Olduvai palaomagnetic episode 

in the 1.64 ï 1.66 Ma intervals.  

mailto:naidina@ilran.ru
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According to the new stratigraphic framework for the West Europe by Cita et al. (1999) the base of the 

Piacenzian of the Mediterranean is located at the base of small scale carbonate cycle 77 of Punta Piccola, 

Italy, which coincides with the Gilbert-Gauss boundary at 3.6 Ma and with the base of the Akchagylian of 

the Caspian region (Naidina, 2009). 

The base of the Gelasian of the Mediterranean starts at stage 103.20 ka above the Gauss-Matuyama 

boundary, at 2.589 Ma and also corresponds to the mid-Akchagylian of the Caspian region. Suc et al. 

(1997) proposed that the Plio-Pleistocene boundary be moved back to the 2.6 Ma horizone (Gauss-

Matuyama boundary). 

 

MATERIAL AND METHODS  
Cores from several boreholes drilled in the Plio-Pleistocene deposits in the Ural-Emba area from the 

east of the Northern Caspian Region were provided by the geological survey team from the Kargalinsk geo-

logical exploration expedition. Well material has been described and characterized faunally. 

Pollen grains were separated using a cadmium solution according to the method of Grichuk, followed 

by acetolysis using the method of Erdtman. Identification and counting of pollen were undertaken on a 

ñLabovalò biological microscope at a constant magnification of 400ʭ. 

Palaeogeographical analysis of fossil arboreal flora of varying composition was undertaken using the 

method of Grichuk (1959).  

 

RESULTS 
Pollen preservation is exellent in the upper Pliocene sediments of the Ural-Emba area. At around 3.6 Ma 

and prior to 2.6 Ma two main pollen assemblages are recognized: a steppe assemblage with pollen from 

xerophytic Chenopodiaceae, and a forest assemblage dominated by pollen from various pines and elms. 

At around 2.6 Ma, pollen assemblages are distinguished by the growing influence of forest-taiga pollen 

species, and they correlate with the mid-Akchagylian pollen assemblages from the deposits of the Urdinsk 

beds in the west of the Northern Caspian Region (Kovalenko, 1971) and in the Eastern Precaucasus (Naidi-

na, 1999) (Fig. 1). 

From 2.6 Ma to 1.6 Ma pollen assemblages differ in containing more diverse pollen coniferous and 

broad-leaved trees. At around 1.6 Ma deposits are characterized by uniform pollen assemblages with a do-

minance of Chenopodiaceae pollen. 

 

COMPOSITION AND PALE OENVIRONMENTS  
Until the end of the Pliocene the Northern Caspian Region was situated between two floral regions: a 

European area of mixed forest and a Mediterranean area of steppe (Nevesskaya et al., 1987). During the 

Akchagylian there was succession of changes in the relationships between the geographical elements of the 

flora, and the role of thermophilic elements decreased. 

The main types of pollen assemblages in the Akchagylian deposits of the Ural-Emba area reflect forest, 

forest-steppe and steppe landscapes. Phases of development of the vegetation have been recognized, the 

alternations of which reflect fluctuating climatic conditions. Periods of forest vegetation correspond to hu-

mid intervals, whereas treeless periods were arid. 

At the beginning of the early Akchagylian, a treeless landscape predominated. At the end of this time 

interval, the Ural-Emba area had a forest-type of vegetation. Pollen from pan-holarctic geographical groups 

(Picea, Pinus, Abies, Alnus, Betula, Salix, Juniperus, Cornus, Myrica and Rhamnus), American-Euroasiatic 

groups (Corylus, Fagus, Quercus, Tilias, Ulmus, Acer and Ilex), and also areas with subtropical elements, 

show that the climate was moderately warm and quite humid. The early Akchagylian forests were characte-

rized by the maximum diversity of arboreal species. Representatives of American-Mediterranean-Asiatic 

(Castanea, Juglans, Pterocarya, Zelkova, Celtis, Rhus and Liquidambar), American-East Asian (Tsuga, 

Carya, Nyssa, Liriodendron and Magnolia) and East Asian (Keteleeria and Sciadopitus) geographical 

groups are present.  

A cooling trend is present in the mid-Akchagylian. This is demonstrated by numerous types of conifer-

ous species, the occurrence of forest-taiga forms, and the reduced of termophilic elements. 

Towards the end of the mid-Akchagylian a tendency towards a more continental, arid climate is noted. 

Treeless landscapes developed. The beginning of the late Akchagylian marked an increase in aridity. This 
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is shown by the development of sparse oak-pine forests and treeless landscapes. Apparently, on the flat and 

gently undulating plains between rivers, there was a predominance of xerophytic grasses and undershrubs. 

Sparse forests grew on the slopes of river valleys. 

The late Akchagylian and early Apsheronian times were characterized by an intensification of the conti-

nental climate and an increasing aridity. Xerophytic Chenopodiaceae-Artemisia steppes landscapes predo-

minated.  

 

IMPACT OF THE AKCHAG YLIAN TRANSGRESSION ON THE VEGETATION  
In all probability, during the Late Pliocene and Eopleistocene there was a single transgression. The 

stages of expansion and contraction of the palaeo-Caspian were due mainly to the influence of climatic fac-

tors, which had an even more immediate influence on the vegetation. According to Sidnev (1985), the first 

stage of the transgression occurred as early as the Kimmerian. Later, in the middle of the early Akchagy-

lian, the transgression spread, and the treeless landscapes of the earliest Akchagylian were replaced by for-

est landscapes. Broad-leaved-conifer and pine forests dominated, with elm, tsuga and relict turga flora. Ar-

boreal flora of this type indicates a temperate-warm and humid climate. During the second stage, the Akc-

hagylian transgression reached its maximum. It occurred in the second half of the mid-Akchagylian, ex-

tending to the north, northeast and west. A general cooling on the adjacent land led to the growth of forest-

taiga spruce-pine forest with tsuga and fir. The zone of forest-taiga shifted to the south over a considerable 

area of the eastern part of the Northern Caspian Region. 

The succeeding contraction of the marine basin occurred during the late Akchagylian. The late Akcha-

gylian regression was related to a decrease in humidity. This led to the development of a treeless xerophytic 

vegetation. In the Caspian region the Akchagylian/Apsheronian boundary generally represents a regressive 

stage of the marine basin. 

 

 

Fig. 2. Correlation of changes in vegetation with changes of the coast line 

 

Pollen analyses shows that during transgressions the area occupied by forests increased, whereas regres-

sions correspond with a more arid, continental climate with a steppe and semidesert environment. Accord-

ing to the pollen assemblages, the types of vegetation cover varied from steppe during periods of decreas-

ing marine influence, to forest-steppe and forest during transgressive episodes. The changing vegetation 

cover was determined by the climatic fluctuations and variations in sea level. During the Akchagylian, the 

change between forest and treeless landscapes in the area of the modern Northern Caspian Region occurred 

no less than five times (Fig. 2). Since the Akchagylian is thought to have lasted for 1.6-1.8 Ma, the change 

occurred approximately every 0.2-0.3 Ma. 
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CONCLUSIONS 
The main conclusions of this study are: 

ï paleogeographical analysis of the arboreal flora shows that throughout the Akchagylian, there was a 

successive reduction in the proportion of thermophilic elements; 

ï expansions of the sea led to moderately humid conditions, with the development of forest landscapes. 

Contractions of the sea were characterized by increased aridity and the development of treeless landscapes; 

ï the first cooling was at around 3.6-3.4 Ma, and corresponds with the beginning of the Akchagylian 

and the Gilbert/Gauss palaeomagnetic inversion. There was change in the main floral elements. The second 

more significant cooling, at 2.3-2.6 Ma, corresponds with the beginning of the mid-Akchagylian and the 

Gauss/Matuyama palaeomagnetic inversion; the maximum stage of the Akchagylian transgression occurred 

and coniferous forest landscapes developed. 
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INTRODUCTION  
The Qara-Su River basin is located in Golestan Province, northeast Iran. Its topographic relief ranges 

from +3204 to ï28 m and trends toward the west. The basin has a south side asymmetric drainage network 
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along 60 km and drains more than 1779 km
2
 of the Gorgan Area to Gorgan Bay, southeast corner of the 

Caspian Sea (Fig. 1).  

In our opinion the key to the logical reconstruction of evolution of the QSRDN (and lower stream of 

large rivers in coastal plain especially with deltaic system such as Volga River and Gorgan ïRud River) lies 

in the CSL fluctuations in glacial and interglacial periods, a mysterious phenomenon that does not easily let 

itself to scientists.  

Instrumental records of sea level change reaches back only to 1837, and age data on earlier sea levels 

are fragmentary and often contradictory (Kroonenberg et.al, 2003). 

During the late Quaternary, the CSL has fluctuated with amplitude of tens of meters under the different 

combinations and synergies of Tecto- glacio eustasy. In the last 8000 years it fluctuated repeatedly with 

amplitudes up to at least 15 m, and it dropped from a highstand at +50 m in the Last Glacial down to possi-

bly even -113 m in the early Holocene (Kroonenberg et.,al ,2003). In spite of serious uncertainties in dat-

ing, the frequency and magnitude of these fluctuations are well documented by raised marine terraces, 

coastal fixed sand dunes (Ehlers,1971; Ownegh, 1999), fluvial and eolian sediments(Ministry of power and 

water, 1970), and fossil shells as cardium edule (Yasini,1981) in the Gorgan Plain and Alborz foothills. 

Similar evidence has been reported from the other locatities of the Caspian Sea coast such as kara-Bogaz-

Gol Gulf and Volga Delta (Gasse, 2001; Girant, 2000; Varushchenko et al., 2000) and Kura Delta (Kroo-

nenberg et.al, 2003).These excellent environmental archives allow the reconstruction of the past conditions 

of the Caspian Sea coastal geomorphology. 

The drastic oscillations of local base level has severely affected the geomorphological work and spatial 

configuration of the QSRDN which contains 9 namely sub-basins. This evolution has been very obvious and 

critical so that it can be mentioned as an exceptional case throughout the Caspian Basin due to the specific 

spatial configuration and synergistic effects of the Alborz Mountain direction, active Gorgan Fault strike, 

presence of long narrow tectonically controlled Gorgan Bay (Dickerson, 2000), and the continuous fluctua-

tions of the CSL. 

At present this area is known as ñQara-Su Lowlandsò and contains several marshes while usually 

threatened by flooding and ponding hazards in winter and early spring. 

The main purpose of this paper is to reconstruct and mapping the development stages of the QSRDN in 

response to CSL fluctuation in late Quaternary using available data.  

 

ASSUMPTIONS 
Due to the spatial and temporal nature of the subject, and mutual reaction of tectonic activity and Cas-

pian Sea eustasy in the region, this research is based on the following assumptions: 
2.1. The drainage basin morphometric adjustment to the sea level changes can be reconstructed by the 

chrono- stratigraphical and geomorphological methods (Bo, 2001). 

2.2. The tectonic effects of the Alborz uplift and south Caspian subsidence is not meaningful to change 

local elevation of the tributary junction points to the mainstream, although vertical displacement of the 

Gorgan Fault of several meters has the potential to complicate the reconstruction of the past sea levels and 

their evidences in regional scale. 

2.3. Current available chronological data on the entire CSL during historic and geologic times can be 

combined grossly for a regional scale such as Gorgan Area (south Caspian Basin). 

2.4. Reconstruction of the river drainage network development for the last complete cycle or regression 

of the Caspian Sea from +15 to ï28 m during the 45000 BP. 

 

METHODS 
Considering the morpho-chronological nature of subject, this research was accomplished by a combina-

tion of the present data and documents of the CSL fluctuations during the Wurm glacial and Holocene 

through the following stages: 

3.1. Extraction and combination of the CSL elevation in historic and geologic time scale that were dated 

by the more sophisticated radiometric methods (C14, Th, O18 ,TL) or estimated (correlated) by geomor-

pho- sedimentological and fossil evidences. 

3.2. Mapping the ancient extent of the Caspian Sea and Gorgan Bay according to current topographic map 

contours at +20,0,-10,-15,-20 m that are very close to critical sea level points of stream branch junctions.  
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3.3. Determining the tributary junction points elevation (I to X) to the main stream as effective and crit-

ical levels in the evolution of the basin drainage network using 1:50000 scale topographic map. For the de-

tection of the Qara ïSu mainstream bed and tributary junction points air photos (1:50000), TM (1:100000) 

and Cosmos (1:50000) satellite images were also used. In this scheme, every critical sea level is an indica-

tor to a tributary junction (in sea regression) and separation (in sea transgression). Basin drainage network 

mapped at different critical sea level with separation of 9 sub-basins (Fig. 4-8). 

3.4. Selection and calculation of 10 hydro-geomorphological additive parameters(A,P. W1, W2, W3, 

W4, W5, NW, L, Ls) that play key role in the reconstruction of the river paleo-drainage network under the 

known global and regional eustatic trends (Ownegh,1992). Outlets of sub-basins were closed at the junction 

points to the main stream so that in several cases lead to considerable inter-basin areas and alter somewhat 

the amount of the key parameters. 

3.5. Determining the effect of the each tributary junction on the amount of key parameters or calculation 

of their variations between successive critical sea levels (A to I) in gross (percent) and normalised value 

(frequency difference divide by elevation difference). 

3.6. Rank comparison the effect of each tributary junction between critical sea levels on the hydro-

geomorphological development of basin drainage network in both gross and normalised values, and testing 

their statistical differences by chi-square method. 

 

RESULTS AND DISCUSSION 
This study has resulted in several key hydro- geomorpholoical concepts on the evolution of the QSRDN 

during late Quaternary. The most important of these are: 

 

Sea level fluctuation trends 
At present literature, there are different data and opposing (paradox) paradigm upon the time, ampli-

tude, duration, rate, and number of regressions and transgressions and really regarding to ñCaspian Pa-

limpsestò in Pleistocene and historic time (Ownegh,1997). 

Interpretation of a relatively comprehensive curve shows that the water level of the Caspian Sea has 

been experienced a typical quasi-cyclic variations in all of the possible time scales including seasonal (40 

cm), annual (15 cm), decadal (150 cm), centennial, (up to 10 m) (CEP, 2002) and millennial (up to 50 m) 

(Derbyshire and Goudie, 1997) since the maximum last glaciation. Amplitude of fluctuations for the last 

450-500 years is equivalent to 7 m (Fig.9, (CEP, 2002).  
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In the last 8000 years it fluctuated repeatedly with amplitudes up to at least 15 m, and it dropped from a 

highstand at +50 m in the Last Glacial down to possibly even -113 m in the early Holocene and the last 

major highstands occurred 2600 BP and 300 BP. Both highstands coincide with worldwide periods of cool 

and wet climates, marking the beginning of the Subatlantic and the Little Ice Age respectively (Kroonen-

berg et. al, 2004, Fig.10). 

According to the available data the CSL has never been stable and in last 45000 years it has experienced 

at least 75 fluctuation cycles with amplitude of 1.5 m and average period of 625 years. Maximum relative 

stability of the CSL has been documented at ï25 m for almost 6000 years from 28500 to 22500 BP (Table 

2 and Fig.9). 

In the Gorgan Area there are several reliable morpho-sedimentological evidences to the at least 4 cycles 

of the CSL long-term catastrophic fluctuations in late Quaternary (Ownegh, 1991).  

 

 

Fig.9. The changing nature of the Caspian Sea (A) The extent of the sea during the Mikulino 
interglacial (B) at the present day; (C) The greatly expanded sea during the Early Valday 
glaciations; (D) The transgression and regression of the Caspian since the last interglacial 

(modified from Chepalyga, 1984) 

Fig. 10. Variations in the water level of the Caspian Sea during the Holocene (Klige, 1992) 
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Sea level changes effects 
Long-term, erratic and successive changes of the CSL in the late Quaternary have had direct and indi-

rect effects on the hydro- geomorplological evolution of the Qara -Su River basin that can be divided in 

two different patterns: 

ï Slow effects on the geomorphological work of rivers, including changes in normal and backward ero-

sion, longitudinal and cross profile of streams, alluvial fans, deltas, flood plains, marine terraces, coastal 

sand dunes, and sequences of marine and continental deposits and related coastal underground water aqui-

fers. At current sea level raised period, under the severe sea storm waves brackish water penetrates up-

stream up to 3 to 4 km and causes a submerged temporary condition on the river mouth and delta. 

ï Rapid effects on the spatial pattern of drainage network, including changes in drainage pattern, stream 

junction and separation, and numerical value of the hydro-geomorphological (physiographic) parameters 

especially between successive critical sea level or tributary junction points 

. ï According to available isobath maps, the present-day Gorgan Bay with maximum depth of 4 meters 

at ï28 m sea level (Fig.3) has dried at ï32 m several times, and probably the follower extent of the main-

stream of Qara-Su River changed drainage patterns of the basin as an indication of ñAncient Qara-Su 

River Basinò or its last generation. 

ï The number of sea level repetition in the late Quaternary varies from 1 at +25 m and 26 at -28 m 

(Fig.3-8). Therefore the total number of branch junctions and separations were 1(Gharmabdasht at +15 m) 

and 21 ( Zavardasht at ï 23 m) . 

 

 
Drainage network development 
ï The evolution of the QSRDN has taken place under the very sensitive morpho-tectonical conditions 

and complex eustasy of the Caspian Sea in late Quaternary, so that the QSRDN connected and discon-

nected several times during last 45000 years. 

ï Following the regression of the Caspian Sea (ancient Gorgan Bay) at +25 m, the mainstream of Qara-

Su River gradually developed on the graben bed of the Gorgan Bay and received new branches from the 

northern slope of the Alborz Mountain at critical sea level elevations. Even at +20 and 0 m almost 32.4 and 

25.9% of the current surface of the basin and nearly all of its mainstream length has been occupied by the 

Caspian Sea or Gorgan Bay (Figures 4 and 5). The maximum extending of Gorgan Bay in a more distinct 

long narrow shape has occurred at -15 m in about 700 BP and it was possible to spreading at least to -10 m 

even without the formation of Gorgan ( Miankaleh) sand Spit. 

ï  Successive regressions and transgressions of the Caspian Sea during the late Quaternary resulted in 

successive junctions and Separations of the 9 tributaries to / from the mainstream 

ï Vertical distance of critical points vary between 30.5m (class A) and 0.5 m (class B), and their hori-

zontal distance vary from 9.96 km (class D) to 0.42 km (class B) Table.2), that affect severely the norma-

lized rates of parameter variation.  

ï In a continuos regression model of the Caspian Sea (or a complete cycle for Qara-Su Basin), the first 

and latest tributary (respectively at +15 and ï23 m) has connected to the main stream between 44500 to 
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2600 BP (Table and Figure ). Therefore, at least for the last complete cycle the branches junction time and 

development rate of QSRDN can be dated by the CSL stages. 

ï The erratic and rapid morphometric changes in the basin drainage network has taken place at the criti-

cal sea level or tributary junction points from +15 to ï23 m. Above and below +15 m there were many sub-

basin internal changes (Figure). Over the +15 m, all of the 9 tributaries (or sub-basins) of the current Qara-

Su River has been independent streams and has directly entered to the ancient Gorgan Bay at same time. In 

this model, tributary junctions has begun at +15 m and ended at ï23 m through passing ï16, -18, -19,-19.5 

,-20, -22 m respectively. The effects on the drainage network above the +15 m and even above each tributa-

ry junction point can be termed ñSub-basins internal evolution" . The most outstanding of them are for ex-

ample the junction of two mainstreams of the Ghazmahleh (at +143 m) and Zavardasht (at +19 m) sub-basins 

(Fig, 11). 

ï The high degree of youthfulness of the mainstream rather than their branches from the fluvial point of 

view. The maximum age of the main stream as a distinct river can be estimated almost 45000 years. 

ï According to actual value of the 10 morphometric key parameters, at every present critical sea level, 

the succession of rank or relative importance of the 9 sub-basins (with direct junction to mainstream) is 

different. At ï23 m as the latest junction point the rank order of the sub-basins are as: 5,3,1,2,4,6,8,7 ,and 9 

respectively (Table 3). 

 

 
 

ï The 9 sub-basins of the Qara-Su River can be divided to eastern and western groups according to their 

hydro-geomorphological properties and contribution to the related changes in drainage network in the late 

Quaternary. The eastern sub-basins including 1, 2, 3, 4 and 5 are much larger and effective in comparison 

to the western sub-basins including 6, 7, 8 and 9 (Fig.11, Table 2). 

ï The average rate or acceleration of the CSL fluctuation for a continuos regression or transgression (multi-

cycles) between +40 to ï26.5 m is 1.466 mm/y. The rate of latest sea level rise (mono-cycle in 1978-1995) is 

150 mm / y (Table 2). Therefore the temporal morphometric variations of the QSRDN depend on the elevation 

of the junction points and the rate of the sea level changes (in preference to sea regression), but the similar spatial 

variations relate on the morphometric dimensions and geographical distribution of the sub-basins. 
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ï The differences between branch junction effect in gross and normalized values indicate to differences 

of two successive critical sea level elevation and hydo-geomorphological dimension of branches that can be 

related to rate and date of sea level changes (Fig.12). 

 

 
 

 

 
ï The differences of successive critical sea level or branch junction elevation are meaningful at 0.01 

confidence level. 

ï The variation in the amount of key parameters (except of Ls) between successive critical sea level 

were different and significant at 0.01 and 0.05 confidence level (Table.3).  

ï The differences of parameter average changes between critical levels are considerable at 0.01 confi-

dence level, so that maximum and minimum of them have been in B (junction of Ziarat at level of III or -

16m , D (junction of Shastkula at level IV or ï19 m) and H (junction of Zavardasht at level IX or ï23 m) 

and A (junction of Nomell at level II or -15.5m) critical level classes in both gross and normalised values 

respectively (Tables 2 and 3). 
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CONCLUSION 
The complete cycle of hydro-geomorphological evolution of the QSRDN can be reconstructed by the 

simplification of the very complex eustatsy of the Caspian Sea in late Quaternary (in last 45000 years) be-

tween +15 and ï28 m critical sea level In this proposed model, Garmabdasht river with diversion to the 

west at + 15 m (was not able to reach to Gorgan-Rud River mainstream) has established the first generation 

of the QSRDN in 45000 BP. 

The initiation of the mainstream on the tectonically bed of ancient Gorgan Bay during the Caspian Sea 

regressive stages and cross to the southern independent streams caused to their successive capture and gra-

dual formation of the present day QSRDN. 

In comparison to southern tributaries, the mainstream of the Basin is very young (younger than almost 

45000 years). In addition, the youthfulness of the establishiment of the current Qara-Su basin can be 

counted as an exceptional case in the entire Caspian Basin. 

The sensitivity of the QSRDN and its coastal geomorphology to the quasi-cyclic fluctuations of the 

Caspian Sea level is very high.  

Spatial and temporal variations of the hydro-geomorphological evolution of the QSRDN in relation to 

the morphometry of the sub-basins and the fluctuation of the CSL has different patterns throughout the late 

Quaternary. 

In spite of serious hesitations on the long term predication of the CSL trends, in next 50 years the water 

level will rise to -22 m (if not controlled and stabilised at a desirable level to five coastal countries by of-

fensive strategy) that will result to drastic changes and a retrogressive partial ïcycle in the development of 

QSRDN (separation and independence of the last 2 tributaries , Zavadasht and Ghazmahahleh ) and coastal 

geomorphology especially around the Gorgan Bay.  
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INTRODUCTION  
This paper focuses on structure of the Pleistocene and Holocene sediments of Central Caspian (depres-

sion between Mangyshlak and Apsheron Thresholds). Data used is of high-resolution single-channel seis-

mic profiling systems with vertical resolution from 2-3m to 0.2m. In general, sedimentation processes in 

the Central Caspian are controlled by bottom topography, especially morphology of continental slopes, and 

sources of sedimentary material (rivers runoff first of all). The steep (first degrees) western slope is a path-

way for sediment output from numerous mountain rivers of the Great Caucasus (Terek, Samur, Sulak and 

others), which are the main source of suspended matter in region. Mangyshlak Threshold had been formed 

under influence of Volga and Ural rivers, which have great water output but less suspended material. The 

main peculiarity of the Caspian Sea is its rapid level-change which results in rhythmic sedimentary forma-

tions of different scale: several generations of sediment waves on western slope, regenerative channel sys-

tem on the west of Mangyshlak Threshold and repeating creep formations on its east. All these formations 

have several internal unconformities, which can be traced on seismic sections and are therefore regional. 

Such pattern correlated with deep well could help to improve our knowledge about sedimentary processes 

during level changes. 

 

REGIONAL SEQUNCES 
Basic data interpretation shows three regional acoustic sequences R1, R2, R3 (Fig.1), the same as in 

previous investigations [1]. Due to two deep drilling sites (PRV-1 and Central) it is possible to refer the 

acoustic sequences to lithological ones and to the regional stratigraphic scale and absolute age. Such corre-

lation proves the horizon between R1 and R2 to be one of the largest regional stratigraphic markers. It indi-

cates the most dramatic Caspian regression of last 1 mln years, the Turkanian one (occurred about 600-

700kyr ago). The second horizon, between R2 and R3, marks the most dramatic transgression of the whole 

Caspian history, the Khvalinian one (occurred about 20-30kyr ago). More detailed interpretation shows 

several internal unconformities in each of the regional sequences. These unconformities have different 

shape and quality in different local settings nevertheless in whole they obviously separate different seis-

moacoustic units and can be referred to transgression and regression environments. The geological age of 

these regional units can be identified from synthetic interpretation of local units. 

 

LOCAL FORMS AND  SEQUENCES 

Derbent sediment waves 
The local sequence on the western slope of Central depression consists of several generations of sedi-

ment waves, interbedded by acoustically transparent layers (Fig.3). The whole sequence has a form of a 

wedge and is situated between the shelf break and the steep step down to abyssal plain. The relief of 

present bottom shows vast field of sediment waves (1km length, 30m height, field 100km x 30km). The 

field has been developing during last 700kyr, and occupies Regional Sequences 2 and 3. Sediment waves 

are of mixed origin, because the environment favors both turbidity and bottom current processes. The main 

regional source of sediment material are numerous Caucasus rivers on nearby shore (shelf break is only 30-

40km from the coast here). The material supply is very good, thus occasional trigging from Caucasus is 

responsible for regular turbidity flows. On the other hand, there are bottom currents of complicated pattern. 

Erosive or accumulative effect of the currents depends on sea level. Nowadays (transgression) erosion is 

occurring. The pattern of local unconformities and wave pattern of seismic sections clearly represent trans-

gressive-regressive cycles (Fig.2). Geological and absolute age table is taken from [2]. 

mailto:vitapu@ocean.ru


Palaeoclimatic and palaeoenvironmental changes in the Caspian Region 

 123 

       



Palaeoclimatic and palaeoenvironmental changes in the Caspian Region 

 124 

            



Palaeoclimatic and palaeoenvironmental changes in the Caspian Region 

 125 

Sediment waves of channel system 
The western part of Mangyshlak Threshold is built by several great fan systems of Volga and Terek 

Rivers with influence of nearby smaller rivers. Each regional sequence here represents a cycle of growing 

and retreating of local fan system and its lobes with spectacular erosion unconformities and lobe bodies, 

which clearly correlate with regressions. A dramatic system of channels exists in modern bottom relief, and 

several paleo-channel systems of different age are visible on seismic sections. There are several fields of 

turbidity sediment waves on their levees (Fig.2), both modern and paleo ones (average parameters 100ï

500 m length, 10 m height). Sediment waves show different morphology, probably because of not precisely 

normal transactions, nevertheless they can be considered as indicators of meanders and active environment. 

Geological data inside channel in present bottom shows filling of thin modern sediments over coarse Man-

gyshlak sediments. Thus, the modern channel system is at least of Mangyshlak age. 

 

Sediment waves of contour currents 
Between wave field of Derbent and the channel system, there is a zone of wavery bottom relief (2-3km 

length, 20m height), which also represents seismic pattern of ñrunning waveò. Due to big distance among 

profiles, this third type is questionable at present. Nevertheless similar waves are situated seaward from the 

drift on continental rise of Derbent slope, in Central depression. All these forms are supposed to be the re-

sult of anti clockwise near bottom contour current or its different branches. 

 

Mangyshlak Creep 
In eastern part of Mangyshlak Threshold several paleofan and paleodeltaic complexes of Ural River are 

situated. The avandelta parts show spectacular creep formation. The folds are of ñclassicalò creep shape: 

flat tops, narrow valleys, irregular morphology and geometry. It is interesting to follow up several ñgenera-

tionsò of creep folds, since there are several of them in every regional sequence, and each slightly differs 

from others. Geological cores show water-saturated plastic clay.  

Nevertheless, in nearby deep-drilling site CEN-1 the near-bottom clays are not so wet and plastic, as 

they do not flow into the borehole, so no casing is needed. This can be explained by change in lithological 

facies, which is not represented on the seismic data. It should be noted that in most eastern parts the most 

upper part of the creep is eroded by channels of next fan system. 

 

CONCLUSIONS 
Level changes of Caspian Sea during last 700kyr, can be better understood from accurate interpretation 

of high-resolution seismoacoustic data. There are several types of sediment waves (accumulative forms) 

and a creep zone (plastic deformation forms), which can be used as evidences of different environments 

and sea levels and help to understand complicated pattern of interdependent sediment processes in the past 

and at the present. 
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INTRODUCTION  
New palynological data are presented from the Holocene and Late Pleistocene of the Volga Delta. The 

data are from shallow (c.10m) cores taken from the Damchik region of the Astrakhan Biosphere Reserve, 

Russia, during fieldwork carried out in 2006 and 2007. Around 210 samples were analysed for palynology 

(by K. Richards and N. Bolikhovskaya) from seven cores. Core locations were selected based  on shallow 

seismic surveys, giving a spread of localities from the proximal (northern) and distal (southern) parts of the 

study area. The results are calibrated by 
14

C dates.  

 

PALYNOLOGY ASSEMBLAG ES AND POLLEN ZONES 
Almost all of the samples selected for study contained rich recoveries of palynomorphs, including 

mixed associations of pollen, spores, algae and dinocysts. The pollen floras include several types of tree 

(arboreal) pollen including Pinus (pine), Quercus (oak), Ulmus (elm), Tilia (lime) and Carpinus (horn-

beam). Other types include Betula (birch), Alnus (alder) and Salix (willow). The latter can be found fre-

quently growing at the river margins (levees) of the present-day Volga delta. Pollen from herbaceous (non-

arboreal) plants occurs frequently and includes Gramineae (grass), Artemisia (mainly cold and dry ñsteppeò 

plants) and Chenopodiaceae (typically from desert and / or salt-marsh localities). Another important group 

includes pollen from various aquatic (i.e. water dwelling) plants.  

These include open water, floating, types such as Potamogeton (pond weed) as well as rooted forms 

such as Sparganium (bur reed) and Typha (reed mace). Seven palynological zones, prefixed DP (Damchik 

Palynology), were identified which are further sub-divided into eleven sub-zones. Most are constrained by 
14

C dates. Furthermore, the zones can be broadly correlated to the palynological climate / vegetation 

scheme for the Lower Volga-Akhtuba study at Solenoye Zaimishche (Bolikhovskaya 1990; Bolikhovskaya 

& Kasimov 2008) and also to interpreted transgressive / regressive phases of the Caspian Sea (e.g. Varu-

schenko et al. 1987).  

Zone DP-7 
Zone DP-7 is assigned only in Damchik-9, where it occurs within a thick interval of reddish sand and 

clay. It is characterised palynologically by mainly poor recovery (in the upper part) and by the presence of 

frequent (mainly Mesozoic) reworking in the lower part. Tree pollen is rare or absent, except for pine pol-

len which is locally common.  

Sub-zone DP-7a: frequent Pediastrum 

Sub-zone DP-7b: frequent Mesozoic reworking. 

DP-7 is thought to indicate a channel succession with significant downcutting and reworking, so is like-

ly to be represent a period of relative lowstand, although the localised peak of freshwater algae suggests 

periodic water flow and perhaps overbank deposition. 

Inferred age: DP-7 is not directly dated in this study, but it is likely to be mostly, if not entirely, of 

pre-Holocene age. It is likely to represent, possibly, the earliest phase of the Mangyshlak regression (earli-

est Holocene) and an older, but un-dated part of the Late Pleistocene.  

Zone DP-6 
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The top of DP-6 is marked by a high abundance peak of fungal bodies (mainly spores) and is clearly 

visible in several of the studied sections. A low diversity pollen assemblage also occurs, which may contain 

common Chenopodiaceae, and other non-arboreal pollen. Freshwater algae (Pediastrum) are also locally 

common. DP-6 is interpreted as a broadly regressive period. Fungal bodies are frequently associated with 

soils, or similar sediments where there is an element of sub-aerial exposure. In addition, the presence of 

locally frequent Chenopodiaceae pollen and freshwater algae, suggests depositional conditions varying be-

tween sub-aerial, hyper-saline and freshwater. These would have occurred in the Baer Hills, a dune field 

formed during the Mangyshlak  regression (see below), which, as at the present time where they are ex-

posed to the west of the modern delta, probably also had saline and freshwater habitats between the dunes. 

DP-6 is assumed to indicate penetration of sediments equivalent to the Baer Hills below the modern delta. 

They are represented lithologically, for the most part, by reddish brown (ñchocolateò) sands, silts and clays. 

Inferred  age: The calibrated 
14

C date of 8072 BP from the very top of DP-6 (in Damchik-18) equates 

approximately with the late Boreal and the latter part of the Mangyshlak (regressive) stage. There are no 

dates from the older part of zone DP-6 but the regional correlations suggests an earliest Holocene age. 

Zone DP-5 
DP-5 is a very distinct zone and is characterised by a peak abundance in Chenopodiaceae pollen (to in 

excess of 50% of the total palynoflora). Chenopodiaceae pollen is typically indicative of salt-marsh or simi-

lar dry or salt-prone localities. Pollen of the Ephedra distachya type, which has a similar ecological to-

lerance, is also locally common. Samples from DP-5 may also contain low to moderate numbers of brack-

ish dinocysts, almost always Spiniferites cruciformis. The pollen assemblage indicates a dry climate and 

almost certainly minimal run-off in the river systems. Caspian sea levels are likely to have been in a brief 

period of relative lowstand, with salt-marsh (ñsalt-bushò) vegetation extending over large areas of the delta 

(similar vegetation types do occur at the present time in the dry upper and middle parts of the delta, away 

from the fluvial channels and seasonally flooded regions). Even though the delta region was largely arid at 

the time, a small rise in sea level would have flooded over the delta front areas, bringing in the brackish 

dinocysts. 

Inferred age: Calibrated 
14

C dates of  8072 BP from just below DP-5 (in Damchik-18) and 7287 BP 

in the base of DP-4 (Damchik-22) give a reliable age range for the zone. DP-5 is likely to correspond to a 

short-lived, but severe, dry period during the early part of the Atlantic period. 

Zone DP-4 

DP-4 is characterised by significant increases in pollen from herbaceous plants, notably Artemisia, 

grasses (Gramineae) and salt-bush (Chenopodiaceae). Fungal bodies, freshwater algae (Pediastrum) and 

dinocysts (Spiniferites cruciformis) are also locally frequent. DP-4 is condensed in Damchik-9 and has a 

ñchannel associationò, with frequent reworking, in Damchik-21 (sub-zone DP-4d). 

Sub-zone DP-4a: increased grass pollen and fungal bodies 

Sub-zone DP-4b: increased Artemisia and Pediastrum 

Sub-zone DP-4c: local increase Spiniferites cruciformis 
Sub-zone DP-4d: poor palynomorph recovery with locally frequent Mesozoic reworking. 

The overall palynofloras in DP-4, with frequent non-arboreal pollen, suggest a largely dry succession, 

but with intervening humid episodes. The ñchannel associationò (sub-zone DP-4d) suggests an initial pe-

riod of downcutting, presumably during a regressive regime. The increase in brackish dinocysts (sub-zone 

DP-4c) is indicative of a Caspian transgression, with a subsequent increase in Pediastrum (sub-zone DP-

4b) representing a dilute, freshwater highstand period. The overlying interval (sub-zone DP-4a) suggests a 

subsequent regression with increased fungal bodies recorded. 

Inferred age: DP-4 is well constrained by 
14

C ages. The youngest calibrated age (at the top of the 

zone in Damchik-17) is 3620 BP and subsequent ages are all progressively older, and therefore probably 

reliable. The base of the zone is dated as 7287 BP in Damchik-22. The age ranges and correlations to other 

sections suggest that zone DP-4 represents most of the Atlantic period and extends into the early and mid 

Subboreal. It is unlikely, however, that continuous sedimentation occurred at any one locality, and gaps in 

the record are therefore probable.  
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Zone DP-3 
DP-3 is present in all (except one) of the studied sections and is assigned primarily on the increased 

presence of warm-tolerant, broadleaved tree pollen types, such as Quercus, Ulmus, Tilia and Carpinus 

(the ñQUTC groupò described by Bolikhovskaya 1990). Freshwater algae, mainly Pediastrum are also 

common or abundant. DP-3 also coincides with the appearance (up-section) of frequent dinocysts (mainly 

Impagidinium ñcaspienenseò) and also with increased pine pollen and reworking, especially of Meso-

zoic dinocysts. 

Sub-zone DP-3a: localised increase in Chenopodiaceae (only seen in Damchik-18) 

Sub-zone DP-3b: frequent pollen from broadleaved taxa and increased Pediastrum. 

The palynological record indicates that this study interval coincided with a period of mainly warm and 

humid climate. Furthermore, the data suggest a time of mainly high Caspian sea levels, shown by the pres-

ence of frequent freshwater algae and / or in-situ dinocysts. Common reworked elements suggest mainly 

high river discharge.   

Inferred age: Calibrated 
14

C ages from Damchik-9 and Damchik-18 give ages of 3388 BP and 3451 

BP from the lower part of the DP-3 zone. The upper boundary of the zone is not directly dated but, on the 

basis of correlation, probably equates to about 2500 BP (the end of the Subboreal). Sub-zone DP-3b is sug-

gested as an equivalent of the transgressive Turaly local stage, with sub-zone DP-3a equating to a regional 

sea level fall, although this is not directly dated in the cored sections. 

Zone DP-2 

DP-2 is present in all of the studied sections and is characterised by reduced numbers of Salix pollen 

and an increased representation of pollen from aquatic plants such as Potamogeton and Sparganium and 

also from grasses (Gramineae). Dinocysts, especially Impagidinium ñcaspienenseò (common) and Spi-

niferites cruciformis (consistent) are also present. Pediastrum (freshwater algae) and fungal bodies also 

locally common, as are reworked forms including Mesozoic dinocysts. 

Sub-zone DP-2a: frequent Potamogeton and / or Sparganium 

Sub-zone DP-2b: increased fungal bodies  

Sub-zone DP-2c: increased Pediastrum. 

DP-2 records at least one cycle of Caspian sea level rise and fall, although the complete range of phases 

is not present in all sections. In general, samples with frequent aquatic pollen (sub-zone DP-2a) and Pedias-
trum (sub-zone DP-2c) are likely to represent dilute, highstand conditions, with regressive trends picked 

out by samples with frequent fungal bodies (sub-zone DP-2b). Damchik-24 has an expanded DP-2 succes-

sion with frequent brackish dinocysts, which is interpreted as an embayment (ñkultukò) feature.  

Inferred age: More than c.1000 years BP, based on consistent 
14

C ages (calibrated) within the range 

of 1540 BP (Damchik-21) to 1889 BP (Damchik-24). DP-2 most probably equates more or less with the 

early and middle Subatlantic periods. It is likely, but not proven, that sediments relating to the Derbent 

lowstand may be missing or not extensively preserved in the studied sections. An exception could be Dam-

chik-24 where calibrated 
14

C dates within the range of 707 BP to 1064 BP were obtained, which exactly 

matches the inferred age of the Derbent regression. It is possible that that brackish embayment in Damchik-

24 is an infilled incised channel that was initially cut during the Derbent lowstand. If so, two ñolderò 
14

C 

dates (1706 BP and 1889 BP) from the upper part of the succession must be influenced by sediment inver-

sion, slumping or reworking of the dated shells.  

Zone DP-1 

DP-1 is marked by the common presence of Salix pollen and occurs in the uppermost metre or so of all 

of the studied cores. It is largely a depositionally-controlled zone in that the Salix pollen is a feature of the 

levee localities at which most of the cores were collected. Fungal bodies, mostly spores and hyphae, are 

also frequent and may be a product of modern soil-forming processes. DP-1 relates to the deposition of the 

modern Volga Delta which, at least at the Damchik locality, has been in a state of outbuilding through pro-

gradation during progressive Caspian sea level fall within the last 100 years or so. 

Inf erred age: Not directly dated but assumed to be less than c.700 years BP (post-Derbent regression). 
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DEPOSITIONAL MODEL, ENVIRONMENTS AND CAS PIAN SEA LEVEL  
As has been previously postulated (e.g. Kroonenberg et al. 2005), the Volga outflow is controlled main-

ly by climate patterns (humidity) in the catchment, potentially a long distance away from the delta region. 

Other, related, factors include Caspian sea level, which provides the ñbase levelò for delta sedimentation, 

and which is largely controlled by the balance between river input and basin subsidence. Regarding the 

palynological data, very precise interpretations of depositional environment can be made, which often vary 

between individual samples. When viewed together, an estimate of overall depositional trends can be made. 

The key parameters are, first, the pollen record in the delta sediments, which can be interpreted as indica-

tors of warm and humid (e.g. broadleaved trees) or cold and dry climates (e.g. Artemisia, Chenopodia-

ceae). Certain pollen types are indicative of particular habitats or environments within the delta, such as 

Salix (willow) which grows almost exclusively on the river banks (levees) in the lower delta, and the aqua-

tic plants, such as Potamogeton and Sparganium which are indicators of open water habitats (reed beds 

etc.). Second, are the water-dwelling palynomorph types, including algae such as Pediastrum (freshwater) 

and Botryococcus (tolerant of fresh and low salinity water), and also the dinoflagellates (dinocysts). The 

three main types of dinocysts present are Impagidinium ñcaspienenseò, Spiniferites cruciformis and 

Caspidinium rugosum (see Marret et al. 2004). These are known to occur in low salinity waters close to 

the modern delta, and also occur in the more open waters of the Caspian Sea. Furthermore, there are sug-

gestions (e.g. Kouli et al. 2001) that some types, including Spiniferites cruciformis, may be tolerant of 

fully freshwater conditions.  
The basic depositional model inferred in this study is that increased river outflow, from all rivers but es-

pecially the Volga, will have the effect of raising Caspian sea levels and lead to predominantly aggrada-
tional deposition. In this case, the influx of freshwater will make the water bodies in the Caspian and in the 

lower delta more dilute. This is shown in the palynological records by increased representation of either (or 

both) Pediastrum and dinocysts. The former is in response to increasingly freshwater conditions, and the 

latter due to mixing of the Caspian (low salinity) and lower delta (dilute) water bodies. Both Pediastrum 
and the dinocysts are therefore broadly indicative of highstand conditions in the Holocene delta, be they 

either fully freshwater or low salinity. Both might occur at the same time in different parts of the delta 

complex. Significant periods of dry catchment climate will produce reduced river outflow, and allow the 

expansion of the dry-tolerant vegetation communities, such as steppe and salt-marsh in the delta localities. 

The overall effect of prolonged dry catchment climates will be a reduction in Caspian sea level, leading to 

predominantly progradational deposition, and outbuilding of the delta. It follows that the water bodies in 

the lower delta and nearby Caspian sea will become increasingly saline and have reduced overall circula-

tion. The response in the pollen floras tends to be an increase in dry and / or salt-tolerant types such as Ar-
temisia and Chenopodiaceae, and other non-arboreal types (e.g. Compositae). Fungal bodies also tend to 

show increased frequencies in the intervals of relative lowstand, most probably due to increased formation 

and exposure of soil horizons.  

Work is ongoing to integrate all of the palynological data and inferred events into an agreed framework 

for Holocene Caspian sea level change.  
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INTRODUCTION  
Derbent basin sediments (Middle ʉaspian Sea) collected on the 19 stations on the two areas 5 x 5 km 

with the help of impact tube. Core sample length are 0.5-5.7 m. Complex of engeneering-geological inves-

tigations and continuous seismoacoustic forming (CSF) with high resolution [1] was dissected. 

 

RESULTS AND DISCUSSION 
Area 1 ranged on the depths 375-510 m (see fig.1), its western part ï comparatively gentle slope area 

(up to depth 400 m) in the area pinching out of Upper Pleistocene-Holocene sediments, its eastern ï  sharp 

bottom part of the slope. From informations of CSF, sharp bottom part carried explicid flags of slips and 

submarine erosion. 

Area 2 ranged on the more gentle northwestern slope of the Derbent basin on the depths 375-510 m 

(fig.1). Problems of bottom morphology associated with breakout of large submarine valleys and fans on 

the base of the slope. 

For area 1 ranged on the depths 380-420 m (station 1-7) characteristic brownish brown consistent, 

riched by Fe-oxyhydroxides crust of cementation collided by fine layer of broken shells. Bellow for section 

occurred soft clays gray, greenish gray, brownish gray, contained fine layers,   and overburdens of fine 

aleurites terrigenous material (fig.2). 

 

 
 

Fig. 1.  Location of geological areas and  seismoacoustic  forms. 
geological area, 2 ï  seismoacoustic  form, 3 ï isobatic, m. 
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Fig. 2. Lithostratigraphy of the area 1 sediments. 

1-clay soft riched by terrigenous aleurites; 2 ï clay soft with lenses and layers of the terrigenous aleurites;  
3 ï clay condensed diagenetic tabular riched by Fe-oxyhydroxides (crust of cedementation); 4 ï detritus of shells;  

5- fragments of rocks; 6 ï carbonate crusts;7-  Pliocene dence clay. 

 

At the base of the section on the st. 5 appeared fragment (3.0 x 1.5 x 1.2 cm) greenish brown organo-

genous of limestone with sandy and gravel grains of charts and quartz.   

Bellow excessive slope (depth 490-510 m) in the base section 8 and 9 breaked dence clays  gray, brow-

nish brown, greenish gray, may be. Among soft clay of lower part column 8 detected brownish green car-

bonate crust complex fashion extent 2.0 x 1.3 x 1.0 cm. 

On the station 9 fine layer of broken shell lie soft gray clay (up to brownish gray) with plane carbonate 

crusts extents up to 7.5 x 6.0 x 0.7 cm covered by films oxyhydroxides  manganese or iron. 

Content of sand fractions in the exploring examples lies on limit (%) 0.3-47.0, aleuritic ï 27.5-83.4, pe-

litic ï 15.4-71.6. Upon relationship fractions exstracted grain-size sort of sediments: pelite aleuritic, aleu-

rite-pelite, pelite-aleurite-psammiitic, aleurite pelitic, pelite-aleurite-psammite sediment. Most coarse gra-

nular sediments time to sharp part of slope (st. 8 and 9), what probably associated with operations redeposi-

tion sedimentary material by near-bottom cources, suspension flows, rockslides. Occuring everywhere con-

centration of upper horizon by psammite dependent by shall detritus. In addition, on st. 9 appeared psam-

mite-psefitic fragments of carbonate crusts. 

Mineralogical composition of sediments area 1 (samples 4-90, 8-30, 8-60; data X-ray) highly regular: 

dominate (%) quartz ï 33.5-37.9, clay minerals ï 22.8-27.4. and roentgenoamorphous material (RAM) ï 

19.2-24.6. Next followed on  dimination feldspars ï 7.4-9.0, calcite ï 5.1-8.6, dolomite ï 0.9-2.4, pyrite ï 0.2. 

Scientific profit introduced carbonate educations, breakted on the area I (see. fig. 2). Up to data X-ray , 

organogenic-clastic limestone (samples 5-55)  in base consists (%) from biogenic calcite ï 52.6 and RAM ï 

23.7 with foreign material biogenic aragonite ï 6.5. In the composition of crust complex fashion (samples 

8-0) dominate (%)  RAM ï 65.5, and aragonite ï 18.9, close to low content of calcite ï 2.0 and magnesia 

calcite  ï 1.5. In plane carbonates crusts (samples 9.2-9.10) prevailed (%) calcite ï 42.4-56.1;  aragonite 

complite 2.7-3.0 and RAM  ï  12.0-15.1.  In all samples highly shows foreign mineral quartz ï 7.2-23.5%, 

attented feldspars and clay minerals. Part of MgCO3 not top 4.0% from content of calcite. 
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Fig. 3.  Lithostratigraphy of the sediments area II. 

1ï diatomaceous ooze; 2-5 ï clays with hydrotroilite: 2 ï hydrotroilite poorly; 3  ï middle;  
4  ï much; 5 ï very much. 

 

For the area II characteristic diatomaceous oozes greenish gray jelly-like and clotted consistency. In se-

parated layers their painting grayly brown, greehish brown and brownish green. This cover greenish gray 

and light-gray solf clays, separated by hydrotroilite its amount rize down up to section (see fig.3).  

Fossil diatomaceous were studied in the sediments supporting section 16.  On base changing quantita-

tive, taxonomic and environmental composition of diatomaceous in the section  allocated three horizons  ï 

ɸ, ɺ, ʉ [2]. As a result associated collected events diatomaceous analysis with data precursors, we may 

supposed, that horizons ɸ and ɺ answered newcaspians times and rebound different phases  of the trans-

gressive basin development: at first (horizon ɺ) relatively poorly saline, next (horizon ɸ) more deep-sea  

and more saline.  Age of the  horizon  ʉ not defined, but may be, that this interval  of section fited  con-

cluaive  phase occurrence  of late hvaline basin tank. 

In research samples content (%) sand fractions complite 0-5.3, aleuritic  ï 6.4-49.6, pelitic  ï 49.7-93.6.  

Among grain-size types of sediments dominate  pelite and aleuritic  pelite, at that time more coarse aleu-

rite-pelites accurate gravitate to the base breaked  sections,  that may connected terrigenous clastic material.  

In mineral composition of sediments  area  II  (samples 17-155) dominate (%) RAM ï 49.3, clay miner-

als ï 18.9 and quartz ï 17.3, highly constitutive forein matter calcite ï 11.0, attented also forldspars, dolo-

mite and pyrite  

Supervising differences in the conclusios section of sediments two areas  dependened on morphology of 

the bottom gravity and hydrodynamic factors.  On the background of generaly engine deposition ç particle 

by particleè on area I home material  relocate on the bottom with the help of rocksides, turbidity flows, bot-

tom currents.  As a result generated beds comparatively coarse grains, poorly rejected sediments. On the 

sharp areas of continental slope here and there uncovered of Pliocene clays ʠ chemical-diagenetic carbo-

nates.  More rough   material in the bottom part of the layers on area II also connected, probably, with am-

plification delivery of  terrigenous clastic material. Not expect too of positive role near-bottom currents in 

the generation of diatomaceous oozes on this area.  
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