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PREFACE

Dear colleagues,

Wel come to the I nternational Conference ¢The Cas

climate changee.

The purpose dathe Conference is to bring together researchers from different countriesxpéttiesice
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 pia@aacience. The Confence will work in a
multidisciplinary way across the various fields and perspectives (climatolgdsolbgy, marine geology,
geomorphology, palaeogeography, geochemistry, biology, etc.) through which we can addressathe fund
mentaland related qusions of sustainability in the Caspian region. The Conference summarizes the results
of mutidisciplinary collaboration of scientists from different countries in the Caspian region during the last
20 years.

Subject matter of the confereniasas given rise to special scientific interest. Scientists from all tke Ca
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 thee@anfe

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 palaeoenviro
mental changes in the Caspian Sea redimmng the last 10 ky as the basic for the understanding the Ca
pian Sea and environment evolution under theuraformly scaled climatic changes and forecast of their
development.

The second session is joined the papers on evolution of the coastahzenehe climatic and sea level
changes. Complete cycle of the Caspian Sea level oscillations in thea®ry has reached up to 3 m
and is believed by researchers as the natural laboratory for investigations of tHersiaea level flc
tuations aml their consequences in the coastal zone: development of the coastal relief, changes df the coas
al landscapes, their geochemical evolution and evolution of the coastal (sagive

Evolution of the Caspian Sea deltas under the climate and sea levasmadipcussed in the thirdsse
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 Mial ecological and economic importance.

Papers, devoted to current condition of the Caspian Sea, combined into the forth session. Hydromete
rological changes in this region influence on the functioning of the marine ecosystem. Retonstfu
the thermohline water structure, geochemical evolution andwhoi of marine biodiversity take place.

Environmental problems ohé Caspian Sea region and ecological management are discussed in the
fifth session. Last years ecological and geochemical conditiemwafonment in oil and gasroducing e-
gions owing to borehole exploring, extraction and transportation of hydrocarbon raw material irsthe Ca
pian coastal and shedbne puts in thérefront

And the last, sixth, session covers the forecasts of clinfatiege and the response of the Caspian Sea
environment on them.

The Conference is sponsored by Faculty of Geography of Moscow State University and Russian Fou
dation for Basic Research (project N-05-06070).

The Organizing Committee thanks all the map@énts and wishes the Conference going on well.

Organizing Committee



Plenary session

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. KisLov

Departnent of Meteorology and Climatology, Faculty of Geography,
M.V. LomonosovMoscow State University, Leninskiye Gory, Moscow 119992, Russia
avkislov@mail.ru

Keywords: climate, Caspian Sea, climate change, climate magedeleoclimate

INTRODUCTION

During the last latdleistocene and pegtacial epochs, the Caspian Sea fluctuatetdidsen regressive
and transgressive stages. Sometimes, the Caspian Sea overflowed to the Black Sea through the Manych
Strait (Chepalyga, 2@). The origin of sea level changes can be considered from the point of response of
regionalscale water budget to planetary climate changes. All of its inflow and outflow components are
functions of climate regime. It allows estimate them based on datsnate modeling.

GLOBAL CLIMATE CHANG ES DURING THE QUATER NARY

Typical spectral density of different core records (both ice and-siegpdemonstrates that much of the
energy at low frequencies corresponds to periods around 100 kyr. At énglericieshe spectral density
shape displays a rewise continuum. It is superimposed some weak spectral peaks belonging tb the M
lankovitch periodicities (Berger, 1978). On the rage, the obliquity band (4dyr period) accounts for less
than 11%, and the prestsnal band (~ 2&yr 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 peri@hwie date of perihelion takes place during
the Northern hemisphere summeraifisition from the cold late Pleistocene to the warm Holocene was pr
vided by such effect. This transition was notdy; the process was complicated by sienn events
(e.g, the Allef3d (AL)-Younger Dryas (YD) cycle).

DESCRIPTION OF MODEL ING RESULTS

History of sea level variations influenced by climate conditions was studied based on clirdali@gno
results.A modeling initiative, the Palaeoclimate Modeling IntercompariBoojecti PMIP1 (Joussaume,
1999) has focused on two slices of the past: theHoidcene (6 kyr calendar years Before Present or ~5.3
kyr radiocarbon years BP) and the last cadagal of the Late Quaternary (21 kyr calendar years BP or ~18
kyr radiocabon years BP) because climatic conditions were remarkaftdgrelit 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 stuatieexamples of shestale variability. Desiga
tions of the PMIP models are presented in Kislov and Toropov (2006). Taiplecifies all model bou
dary conditions and parameters. Orbital parameters determinetims@nomalies. Inhe midHolocene,
at6 kyr BP, they were-5% in summer aneb% in winter, but at 21 kyr BP they are practically near the
zero Berger, 1978)
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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 totabffolum
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 parametess
Boundary conditions an¢ Control experiment (au 6 kyr BP 21 kyr BP
parameters rent climate)
SST and seaice modern Modern Calculated or prescribeg
by CLIMAP
Continental ice sheets modern Modern Prescribed (Peltier, 1994
Vegetation and land modern Modern Modern (besides areag
surface chracteristics covered by ice)
Aerosol optical depth modern Modern modern
Solar constant 1365 Wm?2 1365 Wm?2 1365 Wm?2
Orbital parameters (Ecq Ecc=0.01624 Ecc=0.018682 Ecc=0.018994
is eccent mi U=23. 446 U=24.105 U=22.949
uity, & is =102.04 2=0. 87 / a=114. 42
equinoxes)
g [ 2 280 ppm 280 ppm 200 ppm

Changes in sea surface arBaate calculated at each climatic thskce experiment basing on asgum
tion that the closed sea i3 hydrologic equilibrium with climate conditions. This is a reasonable gssum
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 s$&ddyequation of the annual budget of
water for a closetbasin sea has the form Kislov and Toropov (2008):
ef = YF.

Where e= E -P, whereP is onsea precipitation (m/year) aritlis the evaporation (m/year) per unit
lake areay is the runoff m/year per unit area basin afetéhe drainage dsin area. Equation (1) assumes
that the net groundwater flux into or out of the sea wasgpiplminimal.

Variation of the | ake area rel ati vbeexpressedinthe pr ese
form

Df DI B 4

—_— = ¥ —

fO Y0 I:O q)

It allows evaluating the contribution of different factors to change of the layalsing information
about lake size, bathymetry and the surrounding topography as

Oh {1, (D ( 8,

Theterm(Dhy i s responsi ble for changes of tle{ea bas
due to both runoff change and change & calculated based on data of numerical simulations of climate
models. Note that thealue (Dh), over the Caspian Sea was estimated (based on simplified regional climate

modeling Kislov and Sourkova, 199Bas a small value compare to the first term in equatiorn8jlern
observation data demonstrate that contidn of theY and e changes to the dispersion of the sea level
fluctuations is 0.026 and 0.007 (m/year)2, consequently (Golitsin et al, 198&e, significant changes

of the sea are infenced by the river runoff changgsh), .
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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 (characterizipg-ag), y) belonging to

the Caspian Sea we 5%. Itless 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 CaspiarbSea is su
stantially decreased50%) compared to today. It means astantial dropping of level (~50 m).

At 12i 14 kyr BP, insolation anomalies wet&0% in summer andl0% in winter (compare to modern
level). The sea surface temperature was lower over the North Atlantic Ocean than today during the YD but
duringthe AL there were no large differences. This information was taken into account under the climate
simulations. During the AL annual river runofflume belonging to the Caspian Sea is slightly increased
(6%) and during the YD it isadreased (12%) compared to today.

DISCUSSION

The important question is whether the result belonging to the one snapshot (21 kyr BP) can be extrap
lated to others similar periods? This idea probably proves to be true when obsereagisaarves derto
ing time-behavior of the Black Seend the Caspian Sea are compared to the curve depicting the global cl
mat changes (Fig.1). Taking into account utaieties of the reconstructed data, it is possible to conclude that
at least several regression stages occurred simultaneously with biéen@ry glacial planetary peds.

N
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Caspian Sea

0
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 difficuldt probl em because there is no clear
water capable to increase a Caspian Sea level arlaparmitting an overflowing from the Caspian Sea to
the Black Sea. There are several speculations lyépgral the paradigm of the climate modeling, but there
are no reliable facts or evidence to back these hypotfi€stsvy 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 simul&ted simu
taneously. Hence, these level changesntfplanetary 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 thectimmiretween deep
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regresion states of the Caspian Sea and mature stages of Late Quaternary glacial/cooling/drying planetary
periods. The origin of the strong Caspian sgrassion stages is not clear because there is no understanding
about a source of fraapable toiinoreaseladaspian|Searegel om f markaperi

ting an overflowing from the Caspian Sea to the Black Sea.
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PALAEOENVIRONMENTAL AND PALAEOCLIMATIC C HANGES IN
THE CASPIAN SEA REGION SINCE THE LATEGLA CIAL FROM
PALYNOLOGICAL ANALYS ES OF MARINE SEDIMENT CORES

S.A. G. LEROY

Institute for the Environment, Brunel University, Kingston Lane, Uxbridge UB8 3PH (west London), UK,
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INTRODUCTION
The Caspian Sea has known many small and large scale changes of its water level which hage in the r
cent times had a dramatic impact on samonomical activities aroundité@8 ancé et al . , 2004

al., 2010). To reconstrugast sea level changes in the Caspian Sea (CS) and the past climate of the region,
the traditional approach so far has been to look rops, to analyse their sediment and micro/macrofossil
contents and to obtain radiocarbon dates on bivalve shellsstaowds are not recorded with this method
otherwise than by a &tus. 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 (&ige) and Leroy, 2007)At a longer tine-

scale it is not impossible that other drivers of the water level played a role such as anthropogenic and te
tonic ones.
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Recently marine cores have bedstained 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 stepnblefstanding why
they occur.

PROXIES

Besides pollen and ngpollen 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 anl 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 emenments such as watsalinity, 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 conditior@agues). A déection of surface samples
form useful training sets and allow using pollen/dinoda$ed palaeoclimatic reconstructions such as
transfer functions. So far for pollen, soma spectr
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: sieppe (dom
nant Artemisiapollen) and desert (dominant Chenopodiaceae pollesh)tzn forested area on the south
and soutwest. These forests still contain some elements that have survived from the Tertiary and which
have disappeared from Europe, suchPasrotia persicaandGleditsia caspicaFor the dinoflagellate
cysts, some modemmssemblages have been published from core tops (Marret et al., 2004) across the south
and centr al basins and from grab samples in the |
samples are dominated byipagidinium caspienens@d correspontb a brackish salinity of 123.

DATING

Radiocarbon dating is the best tool to date theleesl changes of the Caspian Sea over the last 40,000
years. However no detailed studies have been made so far of its manmeirestct. This is well known
to skew radiocarbon dating due to old carbon present in the water and being incorporated in living orga
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 resérworrection of 400 years is generally accepted. Some iexper
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 dueléagbeof old
C0, (www.cl4dating.com/corr.html).

Preliminary work on radiocarbon in the Caspian Sea has shown that many different sourcesref old ca
bon exist, as well as other negative influences on the quality of radiocarbon ages: old carbon irrthe wate
effect of various types of methane seepages, activity of surface water$1(Z@B1C) and detrital cads
nates and/ or detrital organic matter (Escudi ® et a
been used to correct radiocarbon datethe literature. They range from 290 to 440 yr (383 yr in Leroy et
al., 2007; 290 yr in Kroonenberg et al., 2007; and-320 yr in Kuzmin et al., 2007). This poor precision
needs to be resolved. The best material to date would be remains of témpksit&a which are however
quite rare in marine cores.

For the more recent times, i.e. the last 150 years, the radionucleide method is thithbeStPb alone
or in combination witH*'Cs.

THE LAST FEW CENTURI ES
Palynological analyses (pollen anehadcysts) of a sediment core taken in the KBogaz Gol (KBG) in
the frame of an INCECOPERNICUS project have been used to reconstruct rapid environmental changes
over the last two centuries (chronology based on 210Pb) (Leroy et al., 2006). A natucilyd@di years)
of water level changes in the CS (Kroonenberg et al., 2000) and in the KBG (Giralt et al., 2003hand ant
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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 KBi@&,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 aétwo sp
cies that are typical of the KBG, the CS species present in the KBG tisappeared. During periods of
higher water levels (AD 1871878), the lake is surrounded by a stefike vegetation dominated bAr-
temisig whereas during periods of low water levels (AD 18/@BL3 and AD 19551998), the emerged
shore are colonised by Qimpodiaceae. The period of AD 191355 corresponding to decreasing water
levels has an extremely low pollenncentration and a maximum of reworking of arboreal taxa.

Two short marine cores (c. 150 cm) have been taken off shore the coast of Iran (GffrAEawest
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 dinotyst asse
blages are dominated bBgnpagidnium caspienenswith increasinglLingulodinium machaerophoruro-
wards the top. The pollen spectra are dominatedrbymisiaand Chenopodiaceae off shore Anzaliewh
reasAlnusis very abundant off shore Babolsar.

THE LATE HOLOCENE

Pilot cores (140182 cmlong) have been taken in the south basin, the middle basin and the northern
part of the middle basin during a FrenBlussian oceanographic cruise (August 1994), on board a Russian
military ship, rented for the sea cruise in the frame of the same {8CPERNICUS project. Core l@
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 nordf the central basin). A chronology available for one of the cores is
based on calibrated radiocarbon dates (ca058cal. ka BP) on bulk sediment corrected for their detrital
content.

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

The pollen and spores assemblages indicate fluctuations between steppe and desert. In additidnh some ou
standing zones display a bias introduced by strong river inflow. The dinocyst assemblages change between
slightly brackish (abundance éfyxidinopsis psilataand Spiniferites cruciformisand more brackish ¢d

minance oimpagidinium caspienenseonditions.

During the second part of the Holocene, important flow modifications of the Uzboy River and the Volga
River as vell as salinity changes of the Caspian Sea, causingegelafluctuations, have been reco
structed. A major change is suggested at ca 4 cal. ka BP with the end of a high level phase in the south b
sin (core CP14). Amongst other hypotheses, this coulédbsed 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 AmuDaria. A sinilar, later clear phase of water inflow has also been observed from 27 to 1
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 dinscyst co
tent. These Kullenberg cores arelkac1 0 m | ong (Chali ® et al , 1997) .
numberSR01GS940pwas taken in a different coring station than core CP 14, i.e. in a more southatly loc
tion, and core GS18 (middle basin, museum nur@i1GS9418) comes from the same gtathan 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 penestion.

The preHolocene sediment of the two cores is silicate rich. Preliminary results for the south lzasin su
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.; Pietrat., 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 theydsecome
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. &anahat the transition to the Holocene. Theodin
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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 baseGR b,

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 remaindaicebie 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
agedepth model should be olmtad (Cordova et al., 2009).
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INTRODUCTION

Past breaks in Caspian desel 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 hydlogical balances have been run to predict futureleses behaviour. The
problem is that the period for which instrumentiag@rvations exist, since 1834, is too short to validate any
model of longterm trends, and the historical record before thadasftagmentary and too contradictory to
derive any reliable trend from them. Therefore we studied paleodata on pastetedanges in the Ga
pian area in the Holocene.

One of the most promising sites that can give information both on the absolutealaewalt chronology
of highstands and lowstands, as well as a semiinuous record of palemcological conditions, is the
modern delta of the Kura river in the southern Caspian Sea in Azerbaijan, a conspicuousafidwedve
dominated delta body protling offshore until at least 50 m water depth. In an earlier project weg-reco
nised the traces of two majomstands, and two major highstands in the last 1500 years of the Kura Delta
history, based on shallow sparker surveys and shallow drilling, sanaplthgaleoenvironmental 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, padgeoecolo
ical and chronologil analyses. The data have been integrated in a Petrel geological model, vissalised u
ing 3-D Inside reality software, and will be matched with the outputDf (@ocesshased numerical simm
lation models to be developed for the Kura delta. In this wayhtereed a much more detailed and much
more reliable Holocene séavel curve for the Caspian, and especially for the depth andnireytof the
lowstands, which are difficult to study on land.

RESULTS

A seismic survey was carried by the subcontractor KMIGRow KGKTI) in JuneJuly 2007 using an
Edgetech subbottom profiler with a maximum penetration of 6 m in sand and 80 m in fine deepwater sed
ment. In practice only 280 m penetration was obtained during the survey. However the quality of the data
is congderably better than that of the 2001 survey. Two cores down to 35 m were collected in January,
2009(Fig. 1)
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Thefirst analytical results in the integration of seismic data with grainsize, pollen, geochemist@ deel
ing of core A show aubdivision into four or five sequences, which however do not stricthgiciai.

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 PleisteEmhecene bourary according ta4C 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,
Fe2Os, Ni, Cr and lowewralues for Ca/Mg, Sr and TOC than later horizons. Pollen biozone 1, which might
coincide with this unit, shows high amount Pihus and water plants and low halophytes, suggesting a

large influence of fresh water and pollen influx from the Volga througtsttugging marine currents.

These sediments resemble in many aspects the brownish Late Pleistocene sediments recovered from the
deepest part of the South Caspian Basin (Chkali ® et
tentthesec al lheodc odcat e claysd recovered from the bottom
et al., 2007) and cropping out in the North Caspian Plaidy@ova, 2005).

2. Close to this (orange) reflector, at 24,55m depth, peaty sediments were found da®&d abl BP,
also characterised by a peak in TOC. This sequence is characterised by a high content of halophytes (Bi
zone 2), suggesting deposition under salt marsh conditions close to sea level. This is not a distinctive s
guence in the seismics. Geochemhidata indicate the lowest contents in®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
40.13m, sealevel must havéeen almost 65 m lower than the present on@@hbelow 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 theeligut about 8 m depth, co-
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, wherg@g Wi, Fe
and V are subantially lower. This series shows increasing contribution of warm temperate pollensincrea
ing (Volgaderived)Pinusand Kurariparian pollen, and decreasing halophytes, suggesting a rising/sea le
el. Two 14C ages have been obtained for this interval, 88PBP 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 m
jor part of the Holocene. The upper age is very similar to earlier ages obtained from the t&uckodelto
the same reflector, interpreted as indicating t‘ﬁe:@ntury AD Derbent lowstand known fromstarical
data, which may have been as deepd&m (Hoogendoorn et al., 2005). The depth of the upper boundary
of this unit varies to some extenttime different analyses. The lowstands may correspond with the Warm
Mediaeval Period (Kroonenberg et al., 2007, 2008).

4 . The unit on top of the 6greend refl ectior, gen
mited at the top by the yellow retttor, is not well individualised in the lithapy:greyish and green muds
predominate. The contents of Si,Bg 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 paliem(sia, Ephedrd and a dip in the

warm temperate pollen, indicating warm sarid conditions. The only 14C date from this horizon is
2840y cal BP, thebidacnaspecimen used for dating was apparently reworked. On the basis of the analogy
with earlier datafrom 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 ta-cooler cl
matic conditions according to the pollen profiles, and thus may correspond to a periodevieteae le-
ralding the start of the Little Ice Age highstand (cf. Kroonenberg et al., 2007). The shales in this interval are
slightly richer in FgOs, 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 &re avail
ble yet. The geochemical mtoasts between the lowermostkeh and Capoor unitsand the upper Fpoor
and Carich units are particularly striking. Three ages have been obtained, one >45000 in what is{presum
bly Unit 1, one 17500 BP in Unit 2, and one 9240 cal. BP in an equivalent of unit 3.

SiO,/AlI03, Fe&0s, Ca and Sr in Well B Onef 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 Se, sugges
ing that this unit was deposited when both seas were united during the last major Gdgsiteind
(Khvalyn) of the Caspian (scalled chocolate clays). Those in the Black Sea might therefore either orig
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nate directly from an overflow of the Caspian, or proceeding from drainage basins that have simitar chara
teristics as the rivers dischargiimgthe Caspian Sea. The striking difference in geochemical characteristics
between the Pleistocene (high Fe, low Ca) and Holocene (low Fe, high Ca) sediments corratlierate ea
findings from deep sea cores in the Caspian, and point to major changesliaitlge basins feeding the
Caspian Sea during the Late Gladitdlocene transition.

g
R e e T s P

0.110
sec 1 m bsf

- . 0070 B
; ; 0080} / .
: E o.ogo: '1 5
" 0'100} oI ,¥ "20

Fig. 2. Interpretatiori Core B

Si0y/Al,03 FepO3 CaO Mgo Sr ppm
0,00 100 200 300 400 500 6,00

——

0 200 400 600 800 1000 1200

VR

200 25 300 350 400 450 | 300 350 4,00 450 5,00 550 6,00 6,50 7,00

R

Fig. 3.SiO,/Al ,05, F&0s, Ca and Srin Well B

Holocene salevel 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 &ng an@e14C data to see
the finer details of sekevel change. After all, the besealevel 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 cafldbisdoroject
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 ERITAS grant 0510000088078
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ENVIRONMENTAL GEOCHE MISTRY
OF THE CASPIAN COASTAL ZONE
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INTRODUCTION

Presently the Caspian region draws a great attention of researchers due to the rapid fluctuations of the
sealevel and increase of the anthropogenic load. [ @ntury the Caspian Sea showed a fultiseal
cycle with amplitude of about 3 m, which included stages of regression {192B) and transgression
(19781995). Rapid setvel fall had a number of native consequences: shallowing of the relaore
waters, deterioration of shipping conditions, decreaseead fireas for fish in the Northern Caspiamn, i
crease of soil salinization in the coastal zone, intensification of eclian processes, etc.-lEvel gé&se
caused even more serious environmental consequences: flooding antbggitey of vast areas, degtr
tion of the seashores, strengthening of wimdliced surges, development of hydromorphism and saliniz
tion processes in the coastal landscapes.

Another problem of the region consists in the environmental state of river mouths, which are located at
the cantact of riverine and marine waters and influenced by pollutants brought by rivers. Recently a pro
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, extiantand transportation of oil and gas in the Northern Caspian
Sea. It results in strengthening ottliropogenic load on the coastal and aquatic systems, and dramatic rise
of environmental risks due to possible accidents. Of a special concern is envinstest of wetlands
within the Volga River mouth area which are of international importance due to Ramsar Convention.

From the beginning of 199@s the Caspian Sea coast was studied in frames of a number national and
international projects devoted mairitythe geochemical consequences of theleseal 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 detmdlirarea (Central &
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 geomorpholagical, lyth
logical, sail, biotic, as wll as geochemical diversity of the coastal landscapes. This is causadbyida
of barlagoon system moving landwards, inundation and watgging processes, with a cesponding rise
of the groundwater table, and also simultaneous vigorous develbpimeggetation in newkjormed ty-
dromorphic and senrtiydromorphic 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 de coastal landscapes are also caused by tHewsgdluctuations. Regse
sive stages associate with a weak variability of geochemical environmedlinmests and soils. They are
characterized mainly by alkaline oxic conditions, and salinization eadinlg geochemical process. dse
chemical diversity of the coastal zone during $gressive stages is much higher. Conditions vary from
neutral to highlyalkaline, and from oxic to highly unoxic. Newfgrmed geochemical processes are-pr
sented by sulfidiation, gleyzation, ferrugination, organic matter accumulation, and salinization. They
cause a foration of various contrast geochemical barriers in soils and sediments with a consegquent re
distribution of chemical elements. These processes take place gerifral low background of micreel
ments which is characteristic for the Russian part of the Caspian seashore. Content of heavy metals is e
sentially higher in coastal soils and sediments of Azerbaijanian and Iranian seashore, especially in the
SouthWesern area of the Caspian.
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These newlyfformed geochemical processes caused by théesehrise were determined in all areas of
the Caspian coast, however their intensity varies according to climatic conditions. Soils of humig subtro
ics of Lenkoran lowlan@dnd western coast of Iran are characterized by well pronounced processes of o
ganic matter accumulation and gley formation, since in dry subtropics processes of salinization and sulfid
zation are more distinct.

ENVIRONMENTAL STATE OF RIVER MOUTHS

River celtas presently draw high attention due to their location in the lowermost chains of castsad@éan
geochemical systems and worsening of environmental conditions in many river basins. $pitedtaa of the
most interest is a mouth area of the VdRyeer which is characterized by a wide variety of water subjects with
different morphology, hydrodynadoal regime, lythology of sediments, biota, etc. Technogenic geochemical
impact on aquatic systems is different as well: from local contamination delfaeitself to the regional inf
ence of pollutant sources scattered upstream. Multiple sources of catitamimthe middle and low course of
the Volga River caused an impression of a heavy pollution of aqusteonsyin the VVolga delta.

Long-term enironmental geochemical research showed high sgeatiaporal variability of geochem
cal conditions in aquatic systems of the Volga River mouth area, which is caused by different hydrodyna
ics, variations in water ruaff, local peculiarities of aquatic sgsns. In general this mouth area presents a
complicated landscaggeochemical system, which includes areas of transit and accumulation of heavy
metals. Favorable circumstances can determine within the area formation of geochemical barriens and co
plex barier zones with a asequent accumulation of various substances brought by the riveffrun

In frames of RussiaButch projects we have estimated pollutant levels and their dynamics in sediments
of the Volga delta for the last 50 years on the basit§'6sand**Cs dating (Winkels et al., 1998). It was
concluded that in general Volga delta is not contaminated and is characterized mainly by backdround va
ues of chemical elements in sediments of aquatiesys. Rather low pollutant levels in sedimentshef
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 emadies of Pb, Cd, Zn and other heavy metals. Comparisoroef ge
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 poligtnindrhine sad
ments since 19686 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 lythngeoche
ical uniformity of the delta wiar objects and GPPb geochemical specialization of sediments. Galydow
HM contents in sediments allowed concluding on prevalence of natural factors in the formatioroof a ge
chemical background in the Volga delta. Seasonal andteyngtendencies d¢iM content changes in bo
tom sediments of water objects in the lower part of the delta are revealed. On the basis of giginform
study of the remotely sensed data zoning of the western part of the shalleshoeaarea was carried out
according to thevater turbidity. Spatial analysis of HM distribution in bottom sediments alloeezhling
a presence of two geochemical barrier zones within thestese area. The first zone ecated adjacent to
the channel mouths, leaving to the marine borderefi#ita, the second zone is put forward aside the sea
on 2630 km to the beginning of area of river and sea waters mixing.

River mouths often serve as biogeochemical barriers, which determine accumulation of different su
stances in dissolved and suspentlichs. Biogeochemical indication is one of the promising methods of
the environmental geochemical research. Increase of pollutant content in the environment quite ssften cau
es its accumulation in biotic species. This species can be used as biogeoceloaiirs. From a large
variety of species one of the most sensitive groups of such indicators is presented by macrophges (Lych
gina, Kasimov, Lychagin, 1998).

Two biogeochemical types of macrophytes have been distinguishetbamier Phragmites ausdiis,

Trapa natans, Salvinia natans, Ceratophyllum demeysaind barrier Potamogetop Concentrations of
heavy metals in nebarrier plant species distinctly depend upon the environmental conditions and vary over a
wide range. On the contrary barrier gpscare characterized by low variability of heavy metaterchined

mainly by the biogeochemical speciation of plants. Background levels of heavy metals are the higdest in
vinia natansandCeratophyllum demersuand the lowest ifPhragmites australisThe natirral variability of

heavy metals in aquatic plants is rather high. It depends on the regime of water streams and bodies.

22



Plenary session

Concentrations of heavy metals in the same plant species are higher in closed creeks with a stagnant regime
than in active charels with running water. Biogeochemical research of contaminated sites revdietydi
higher TE levels for nebarrier species. The factor ofroentration is determined the highest (upit@@) for
the reedPhragmites australisyhich accumulates patants both from water and bottom seénts.

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 afiomgin 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 clotgdzed by very low turbidity, which determines higher
share of dissolved forms of heavy tals 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 occurrenceaf a techn
genic pollution of aquatic systems. Study of seasonal dynamics of heavy metals in watasmamtled
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 dete
mined mainly bynatural factors. Coastal and deltaic soils and sediments are usually characterized by bac
ground values of heavy metals and other pollutants. The most attention presently should be pait to the e
vironmental state of areas of oil and gas extraction in thithisrn Caspian Sea. Rapidly increasinfy of
shore exploration, extraction and transportation of oil and gas in this area results in strengthenhig of ant
ropogenic load on the coastal and aquatic systems, and dramatic rise of environmental risks dilbeto poss
accidents.
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INTRODUCTION
The history of isolation and marine-cennection 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-BRQUA 501 projects. Both projects focus on climate,
sealevel change, and coastline migration in @espian-Black SeaMediterranean corridors during the past
23
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30,000 years (for more information see Yatkombach in this volume), and testing the two Great Flood
Hypot heses, among other questions. The é&sithatshe, or
brackish Neoeuxinian Lake in the Black Sea basin filled rapidly with Caspian Sea brackitdhwovia

the Manych Spillway shortly after the LGM, il74 ka BP (Chepalyga, 2003, 2007) or1E3 ka BP (Ck-

palyga et al., 2008). The second, or E&tblocene Great Flood Hypothesis describes a catastroplmie inu
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 hypothesesthatibse
massive inundations of the Black Sea basin and ensuing environmental changes profoundly ingsacted pr
historic humans in stounding areas and formed the basis for Great Flood legends.

In this paper, we review the geological, paleontological,mmtygical, and archaeological evidence to
determine whether they support these hypotheses, and we summarizertifec soialence 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 lasgale (1:200,000, and in certain areas 1:50,000) ge
logical survey of the Northern and Caucasian Black Sea shelf in Wadhst 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 followinga meth
dology deeloped 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 morphologicalj-litholog
cal, geocheieal, and paleontological markers of pmea level stands (e.g., Shnyukov, 1982; Avrametz et
al., 2007) and their geochronological control, including consideration of the possible influence of neote

tonics (e.g., Glebov and Shel 6ironnmegtal re@sBuéils. on pal eo

As part of this survey, thousands of cores, tens of thousands of kilometers of seismic profiles; and hu
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 eastre collected and studied in a mudisciplinary effort. The noft

western shel f, ithe cradle of the Flood Hypothesis

of a massive database describedumerous publications (e.g., Yanko, 199).none of these published
studies was there ever any evidence given for abrupt flooding of the basin in the Late PleStokene

Hol ocene, and none of the classical publications

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

Sediment cores were routinely logged for grsize, color, texture, presence of shell, wood, and peat.
Subsamples were taken for studies of mollusks, foraminifera, ostracods, and palynology studies as well as
for geochemicahnalysis of G4 and oxygen and stable carbon isotope ratios.

LATE PLEI STOERNE FL®RODO H YSPEVIDENECE IAND CRIT ICISM
According to this hypothesis (Chepalyga, 2003, 2007), the Great Flood occurred during the Early Khv
lynian stage, between Bhd 14 ka BP, when water level in the Caspian basin ro$e980n, 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 MatgatrKerch as well as the cu
rent Bosphorus and Dardanelles Straits. The Cascade encompassed about 1.5 riilttontained about
700,000 km of semifresh to brackishwateril 24) , and it | eft traces on c
sions), in rivevalleys (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 Manyctzov-Kerch Spillway into the Late Neoeuxinian Lake with an estadaspeed of
about 1000 krha'd three times faster than the present river discharge. The water influx raised the Late
Neoeuxinian Lake level 600 m and then spilled into the Sea of Marmara. This flow pattern was traced by
foll owing the chilsattrei lcd taiyesm , o 130 thisknessacanthinisgaemddnsc o f
Caspian molluskdidacnhg Monodacna Adacna Hypanis and foraminiferaMayerella brotzkajaeand

L All *C are determinations discussed in this paper are uncorrected for reservoir effect and udcalibrate
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Ammonia caspicéYankoHombach et al., 2007a) across all the basins from the Casp@ao 8ee Dard-

nelles Strait. The drastic changes in sea level and coastal inundation (iig@dka0a") submerged exte

sive floodplain areas, possibly forcing migrations:t
cultural advances.

From a gological 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 Caspi@ea, (3) tagnomic and spatial distribution of mollusks in
Khvalynian sediments do not support the transgression as having been essentially influenced by the tha
ing of ice sheets on the Russian Plain, (4) there is no evidence that the Khvalynian samsgras cat-

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 overflowig through the Manych Spillway into the Neoeuxinian Lake was significant.

Mo s t i kel y, it woul d have increased the | evel arn
Viewed from this perspective, there is no conclusive evidence that the Khvalyaigsgression 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 disna catastrophe

(such as the Biblical fled). In all probability, the flooding event as described in the Old Testament was
some largescale catastrophe that transpired most likely within a local area and was elaborated and enlarged
in subsequent human memory. It was not, however, the Khvalymiasgression 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 @-more si
nificant scale and tragic consequences.

From an archaeol ogical p er s p etdaleolithe sitesphedating thg g a 6 s
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 superfldeds engul
ing the vdley 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 ai@s for meltwater discharge to the south; they were in essence
6chains of | akesbéo. The site of Avdeevo is a notabl
attributed to seasonal fl uctuat i onheiprsencg/absence ofl e v e |
specific microlithic tools in the inventory of the Kamennaya Balka sitepéliiga suggests that the Great
Flood must have disrupted contacts with the south. Thigvaagt seems to be incorrect as well. As shown
by the frequencies afadiocarbordated 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 b&0fwm. In the course of the Late
Neoeuxinian transgression {18 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 osmall rivers. At 18 ka BP, specialized bison hunters occupied the large site of Anetovka 2,
which combined the functions of a temlaking workshop, butchieg site, and cult center (Stanko et al.,

1989). Another site of approximately similar agenvkosiewka, was a shoitt i ved bi s o-ste hunter
(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 effeets on P
leolithic groups due to the extermination of mammoth and woolly rhino by 18 ka BP andpletement

by bison. Similar to Amvrosievka, settlements were very likely established on the exposed Pontic shelf,
which is currently submerged. During the Lata¢al period (1410 ka BP), the local industries became

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

outside (Sapozhnikov, 2005). Hence, the development of the microlithic technique was a cdramen p

menon for the entire Pontic steppe and was in nho 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 groupsge$aspecialized
in hunting big game. Similarities in lifestyle and lithic tools suggest thatah groups circulated freely
along coastal areas, including the now submerged shelf floor. No major changes in settlemens-or subsi
tence that could be relateddaanajor ecological catastrophe are recognizable; the only exception is-the di
appearance of bison in Late Glacial sites, but this was apparently the result of overkill. Contacts between
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human groups seem not to have been severed by any calamitous events,snt r ary t o Chepal
population movements were not likely blocked or disrupted by a major Ma&gamhKerch Spillway. As

such, Chepal ygads (2007) argument for a Lat-e Pal eo
velopment of watemransport technology, as suggested by Mesolithic rock drawings in Gobustad kd 9

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

in the lower Dniester valleys from 142 ka BP, but he did not fihany evidence of catastrophes for the

time span of 146 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 iportant. Although it is reasonable to suggest that there may have been settlements @n an eme

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 Coternomorian stage (4 ka BP) as represented by

numerous sites in the upper Dniester basin and scattered sites near the Azov Sea (Dolukhanov et al., 2009).
¥zdojan (1999) emphasized indirect evidencé that t
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 pr

longed survival of Mousterian technology andsgibly, Neandertal populations. The spread of Upper P

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

sion, 12.512 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 levietstivthe
ter Neoeuxinian Lake was cal140 m below present sea levedttveen 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 na
row Bosphorus channel and abruptly filled the Neoeuxinian Lake, submerging more0tha00 krh 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 histoi ¢ a | basis for the biblical story of

A few years later, this hypothesis was modified (Ryan et al., 2003) based on a stjoifyefMl., 2002)
of two sediment cores recovered at water depthi40 andi 378 m. Using Sr isotopealues in the core
sedimers as proxies, it was concluded thatomnection btween the Black and Mediterranean seas (via the
Marmara Gateway) began a millenniunmliea than previously estimated. The timing of the flood was moved
back to 8.4 ka BP, andstead of a single inundation, two lowstand20 m at 13.411 ka BP; and 95 m at
10 8.4 ka BP) and two floods (séavel rise fromi 120 toi 30 m at 11.010.0 ka BP; and frorm95 toi 30 m
at 8.4 ka BP) were proposed. The second of these two major tesisgsevasabeled the Great Flood.

This hypothesis received support fr ondicatedwRlE MERO s
preserved drowned beaches, sand dunes, and soils (Lericolais et al., 2007), and based on these features,
they claimed thathe Black Sea shoreline wasid00 m until about 8.5 ka BP. A refinement of this ¢wp
thesis was introduced by Turney and Br '8Omgesinte 007) ,
a model based on fAhigh prechei bnedahwahgr oBldabk Baan
el, they removed corrections for a hardwater or marine reservoir effect from-tha$ol ed ffr es hwa
mdl usks |living in the Black Sea before 7940N75 BP,
Black Seamarine mollusk in order to narrow the age of the early Holocene inundation. A Bayesian model
was constructed for these aggjusted data to show that the Mediterranean infilling of the Black &ea o
curred between 8350 and 8230 cal bp (75@84 BP). Turnewnd Brown connected this marine incursion
with the ca. 8.2 ka BP global cooling eventaessted 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 Neoeuxinlaake was recently supported by Soulet et al. (2010). Based
on the study of pore water from a single core located at a water dei@b®in on the Danube traverse,
the authors suggested that, during the abd®t Gl aci
depleted water body. According their discoveries, they claimed that a frestiledebasin would have
allowed Neolithic farming on the exposed ancient Black Sea shelves.

26



Plenary session

The hypothesis was closely examined in recent publications: a speci2Qihéssue oQuaternary
International (YankcHo mbach and Yél maz, ZieOBlagk SearFibod Questianj o r b o
Changes in Coastline, Climate, and Human Settlerfamtko-Hombach et al., 2007). Most researchers
found the Early Holocene flooding tiie Black Sea to be a myth, reporting the following. The Black Sea
was a serdfresh to brackish (but never freshwater) Neoeuxinian Lake with a level abd0tm below
present at the LGM. About 17 ka BP, factors related to deglaciation raised the Elkei1@0 m, spilling
excess servfresh water into the Sea of Marmara and forming a-shielf 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 thei 50 m isolath, nor did it exhibit fluctuations greater than about 20 m. The brackish Pontic lake
ultimately became a semiarine basin through oscillating Marmara seawater entry, with periodic iamigr
tion of Mediterranean organisms with the first wave of immigradioca. 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 denstrated (Dolukhanov et al., 2009), and they totally ignored the cultural
and environmental context of the dated sites (not uncommon omissions-Bpewalists). They overést
mated the seblevel rise caused by a ltapsing of the Laurentide Ice Sheetdahey 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 firiori that a paleoshoreline of the Neoeuxinian Lake
was located atl55 m bel ow present (Ballard et al ., 2000)
flooded at 7940N75 BP. The writers totallynignorec
cluding the volume edited by Yankdéombach et al. (2007). Based all these flawed arguments, thetwri
ers raised an important question about the causal mechanism of the Meblditlithic transition in B-
rope, which had been repeatedigctdissed over the past few years (dbgrgachev and Dolukhanov, 2007;
Ozdojan, 2007), but it was totally ignored by Turn
mislealing conclusions that an Early Holocene catastrophic flooding caused an abrupt expansion along
coastal and irsind routes leading to continemtde establishment of farming, massgnation 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 sher&lisis ai 100 m until about 8.5 ka BP is
not based on direct dating of the ddike features at that depth; it comes from CHIRP sonar profilecorr
lation with a shallower core site >100 m distant, where th@déole section is only ~0.7 m thick. CHIRP
sorar profiles have an optimal vertical resolution of 18 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 15 m thick and have perred direct dating of the first transgressive deposits, showing
that the shoreline was abové0 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 reconnectioesgr including direct palynolieg
cal proxydata 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 drypearly H
locere 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, arigrajphic discordance in this case is regular, and it
does not indicate erosion during a catastrophideses rise, as &ricolais et al. (2007, 2010) consider.

The Soulet et al. (2010) paper has serious errors. One of the main issues is that thdacsited at
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 th&lack Sea, and totally ignores paleontological (e.g., Nevesskaya, 1965)i-and m
cropaleontological (Yankdélombach, 2007b) data that, together with palynological data (Marret et al.,
2007) show the Neoeuxinian Lake to have been brackish, not freshwater.

Froman archeological perspective (summarized in Yadkmbach et al., 2007a), no significant-cu
tural changes characterize the archaeological record of the region duringith@ & BP interval coeval
with the proposed floodDuring this period, the NortPontic 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 tra
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shumance. Sites cluster in landscapes with diverse and predictable wild resources, especially marine est
aries, lakes, and river floodplains. Even if the Black Sea rose catastrophically and flooded the North Pontic
plain, few foraging bands would have betsplaced from the now drowned shelf area, considering the low
population density typical of stepjbvellers. Mesolithic and early Neolithic archaeological data in Ukraine
provide no support for a sudden cultural shift at the time of the proposed flattb(d, 2007). The eal

est indications of agriculture come from the Zagros foothills in the Near East8MLké BP (BaiYosef

and Meadow, 1995) corresponding to the cool, dry Younger Dryas climatic period, including tee subs
guent rapid increase in rdall at the beginning of the Holocene. Several potkmords 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 iseyaenic plate of dputedNeolithic age
(Yanko-Hombach et al., in press).

CONCLUSIONS

Barring new and more supportive evidence, onhe mu:
contemporary legend. The intriguing geological and archaeologicahhist the Pontic region deserves
more research and will eventually reward exploration with negogéeries.
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OVERVIEW OF THE MORP HOLOGY OF THE KURA D ELTA

The modern Kura delta is locatadsouthwest Caspian Sea. The delta is the fluvial dominated, snd di
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 otdhereleelta 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 200%rewerganised 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 do@n to 3 m,
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

Theof f shore deltads Holocene sediments consist up
laminated dark grey clays underlain by reddened fluvial clays. Locally sand andcthieérizons 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 retrogradatioinguthe Caspian Sea highstandgeirupted 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 formatiora dowatand at
190 m absolute depth dated at 12000 BP. These are overlain by several metres of laminated clays and silts,
14C dated at 9248920 BP (8quence 2).

This succession is truncated by a prominent reflector bounding Sequence 3 (modern dedtaldé@@d
BP consisting of thin laminated clays. Sequence 3 consists of four progradational and retrogradational
phases of a higher order corresponding to: 1. a lowstand atigt&mtdsolute depth and correlated with
the 11th century Derbent Regression)aninated 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 progradationatessgqfemanndevee sands and
floodplain silts and clayseposited during gradual séevel fall and overlain by clays and silts reflecting
the last phase of rapid sdavel rise since 1977. Overall sedimentation rates in the delta determined by
210Pb nathods range between 130 cm/year.

The amount of Corg in the upper part of the section in the Caspian Sea adjacent to river Kuea delta v
ries from 0.2 to 1.22 % with median values-0.8 %. It demonstrates that in the sediments deposited du
ing CaspiarSea 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 mouthsté#reachannel 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 areggofi@imumextends
covering also the mouth of main channel and eastern part of the dgjtamakimum shifts toward theab
sin coinciding with maximum clay fcion. 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 depositidstiory of the delta.
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INTRODUCTION

This research project aims to resolve the sswdle stratigraphy with its great lateral and downstream
heterogeneity in the modermlth using novel Very High Resolution marine geophysical techniques cap
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 ofhitecture of the Holocene
Volga delta, including the location, setkntary and paleoecological characteristics of major maximum
flooding surfaces andeguence boundaries, and their relation to Volga discharge, Caspian Sea level and
global climate. Thistsould lead to a better understanding of the way ramp deltas work undéiaundf
rapid sea level change, as well as to a better understanding eDtlzecBitecture of Palewolga delta in
the South Caspian Basin.

CASPIAN SEA LEVEL CH ANGES

Caspian 8a 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 ttmmanant factors in base level change during the
PreQuaternary. By contrast, during the Quaternary, Caspian Sea level changes wererdincaig, and
related to its continental location and isolation from the world oceans. The atmospheric procesbes over
sea itself and its extensive catchment area directly influence the Caspian Sea level. Sea levelyegime (h
drologic-water balance) depends to a great extent upon discharge from the Volga River (Overeem et al.,
2003) and evaporation at the Caspian Sefase, especially in Kara Bogaz Bay (Kosarev and Yablon
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 nestgdtlished
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 Pleistocestdolocene period, sea lelcycles of four orders of magnitude in time and
sealevel amplitude have been documented (Kroonenberg et al. 2005). When these processesrare superi
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 @80 m during the Early Holocene, with the
current level of GSLi 27 m. The most recent cycle lasted only 65 years: sea level fell more thae-3 m b
tween 1929 and 1977 and rose 3 m again until 1988n that year to present day, the sea level has been
relatively stable (Ozyavas and Khan, 2008). Interfering processes that influence-teeeSessult in e
ratic largescale transgressions and regressions. Thus, the sedimentary facies of the Gesépiazre c
racterised by rapid shifts due to the massive changes in coastline position. Superimposed upon this pri
ciple pattern are seasonal changes in sea level withJMag maxima that are primarily related to &ari
tions in fluvial input.

Holocene dposits in the Volga Delta are restricted mainly to the lower delta front and do not reach
more than 510 m in thickness, except for incisedlley 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 Khwalyarly Holocene age. Data
from over 80 augerings in the Damchik part of the Astrakhan Biosphere Reserve near the delta front (Ove
eem et al., 2003) show a very complex system of small coarsepimgrds prograding levee or mouthbar
deposits 13 m in thickness and finingipwards chanel 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 smadicale mture of the distributarghannel netwdr in the modern delta. 14C dates on
organic matter, all in the range 60@000 yr BP, indicate sedimentation rates ©2 Inm/y in uncan-
pacted muds, but age data are as yet insufficient to resolve individdel/ebaycles. A sandpit near Ba
chik in the Astrakhan Biosphere Reserve shows a coarsampngrds sequence of clays overlain by silty
sands and fine sands. The underlying clays have more bragkish molluscs, whereas the uppest
sandy layers have only freshwater species. A similar trend isnshpwliatom assemblages. This cowob
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 mollusich layers, and ripened amabttled horizons, suggests jmtic deposition and
soil formation. This might be related to various transgressions andsiegie of the Caspian Sea, but the
rapid vertical and lateral facies changes and the lack of datable horizons so far preclgthbtidenent
of a precise correlation and chronology.

DATA

New data were acquired during 3 field campaigns yielding ~100 km of shallow gexgildata (2 NS
transects and 2-B/ transects) and 27 cores. From the cores samples were taken for sevesaisaoialy
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 ks asguired 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 andneven character of the recording in some profiles is probably determinediBy bac
ground noise, vertical and lateral changes in bedding and lithofacies asdtgagion. On the whole the
seismoacoustic sections hyave a high quality covering the fit8trBeters below the channelbed. The-le
el of multiple reflections is rather high. It complicates the image at greater depth (moreliham dped-
ing on the waterdepth) and suppresses useful waves. Nonetheless, the quality is sufficiemhitcedéie
maja 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.

A Ch ashapes (discontinuous) (2 subsets)

AConvex shapes (discontinuous) (2 subsets)

A (sub) Parallel sets (continuous) (2 subsets)
Foresets (continuous) (2 subsets)

A Heterogeneous sets (continuous)

A Aggradational sets (continuous)

Furthermore maximum of 3 different surfaces could be recognize

A The channelbed pending waterdepth

A first ,discontinuity
A Second discontinuity (Also the base of the sur.v
The first and second discontinuity were not found in every section of the survey. As a reuslt we could
describe 3 systems, The modern pneslay system which is visible on the survey. As two prior phases of
Delta developement at this location

S3 S4

LI Channel
B Convex

B parallel
| Heterogeneous

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

LITHOLOGY

An onshore survey using a haaglger has been carried out throughout the Damchik area of the&-Astra
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 acquiredieBetiation n-
cluded: depth, texture, colour, organic matter conent, prensence of shells (complete or fragmeats) and s
dimentary structures, e.g. layering, laatians and bioturbations. Furthermore samples were taken for 14C
dating and palynology.
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TaHe 1

Overview of all lithofacies and associated depostional environment

Lithofacies

" Brown Sands

Dark Grey Sands

Grey Greenish
Sands

Dark Brown Clays

Dark Grey dlays

Laminated Silty
Clays

Heterogeneous
sets

Stiff Dark Brown
Clays and Sands
{Chocolate)

Texture

Fine-medium Sand

Medium sand, well
sorted

Silty-clay to fine
sand, badly sorbed,

Clay-silty clay badly
sorted

Clany-silty clay, well
sorted

Clay, silt and wery
fine sand

Clay to fine sand
badly sorted organic
rich layers and shell
lapers

Silty-clay to fine sand

Sedimentary structures

Massive; Within individual beds
fining up; Lag deposits at
bottom of a bed

Massive

Coarsening up of a singhe ar
multiple beds; Some to
substantial shell fragments at
bottom and middle of sequence

Soill structure; Macro remains of
arganic material/vegetation

Small beds {dm scake); slighthy
laminated ; Few to abundant
shells and shell fragments. or
shedl layers. Regular ococurrence
of organic rich (Black) layers
{dm scale)

Hoarizantal laminations and thin
layers {mm - om scale); Few to
many shells and shell
fragments. Regular cocurrence
of organic rich (black) layers
{cm scale)

Sequences of sandy and clayey
beds 10-50 cm thick,
intercalated with clay and silty
clayey layers 1-10 cm thick;
compasition of beds differs in
codour and arganic content,
beds hawve macro remains of
organic material or wegetation,
Some beds contain shell
fragments

Stff —very stiff [ower-
consolidated). Sequenoes of
beds dominated by clayey
deposits

LABORATORY DATA

Depositional
environment
Fluvial chanmels

Mouth bars

Delta plain

Distal Delta fronk
AvancheEta

Delta front [ inber-
distributary bay or
Kultuk

Proximal delta front

Late Pleistocene
basement (possibly
Khvalyn)

Palynology: From 7 cores samples were taken for palynology.&lymgdogical zones are based-pr
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 af 7 Palyf
cies were dscribed. Showing distinct lateral and vertical continutiy. The distance between the most no
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 Dnes are therefore likely to give a good overall indication of the vegetation (and therefore the cl
mate) at the time of deposition. The influence of sea level change isrgedant and the effects of sea
level rise are shown by the presence editn 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 betwda tkynodern
age. Nevertheless three phases of deltaic development were recognized in these data. Including-clear tran
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. 14cC & palynology data

Fig. 3. Overview of 14C & palynology data plotted vs the interpreted waterdepth during deposition. The
arorwsshow 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 baesgmts the palynological zones, the gndte bar

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

CROSSSECTIONS

Fig. 4. Crossection in NS 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 ttwause of the lateral variability while the complex sedimentary dynamics in a dwon
stream direction is the cause for the va@ricariability through the area
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Substrata

Fig. 5. Crosssection in \AE 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 Khalyn (Late Pleistocene) transgression. Next phase is a dated a ~8k yr BP although
limited core and geophysical data of this phase arelabkd, however the palynology data shows evidence of
a transgression. Next phase is the 4k yr B.P. delta, coverethynall data and also shows a transgressive
setting. The geophysical data revealed that this delta is very similar to the modern day delta regarding ge
morphology and active depositional environments. Next phase is the Derbent regression of ~ 1.5thatr B.P
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 frofrom the last 3 m sea level cycle thatarred between 1930 and present. day

ACKNOWLEDGMENTS
Moscow State University (Russia): Micha Lychagin, Vanya Korolev, Volodya Slobodan and Arna K
ryakova, P.P. Shirshov Institute of Oceanology (Russia): VicRutans

REFERENCES

Aybulatov, D.N., 2001, Gidrologmorfologicheskiye protsessy v delte Volgi (Hydrological and morphological
processes in the Volga delta): Kand (Ph.D.) Thesis, Faculty of Geography, Moscow State University, 199 p., (autoreferat, 25
p.).

Kroonenberg, S.B., Badyukova, E.N., Storms, J.E.A., Ignatov, E.l., and Kasimov, N.S., 2000, A-felletegcle in
sixty-five years: barrier dynamics along Caspian shores: Sedimentary Geology, v. 134 274257

Kroonenberg, S.B., Rusakov, G.V.d8vitoch, A.A., 1997, The wandering of the Volga delta: a response to rapid Ca
pian sedevel change: Sedimentary Geology, v. 107, p-289.

Overeem, |., Kroonenberg, S.B., Veldkamp, A., Groenesteijn, K., Rusakov, G.V., and Svitoch, A.A., 2003ac&enall
stratigraphy in a large ramp delta: recent and Holocene sedimentation in the Volga delta, Caspian Sea: Sedimentary Geology,
v. 159, p. 133157.

Ozyavas, A. and Khan S.D. (2008) Assessment of Recent-Béart WatetLevel Fluctuations in Caspian Seaitds
Topex/Poseidon EEE Geoscience and remote sensing letters, Vol. 5, N. 4, October 2008.

Zaytsev, A.A., Ivanov, V.V., Korotaev, V.N., Labutina, I.A., Lukyanova, S.A., Tsunsian, L., Rirfskisakov, N.A.,
Rychagov, G.l., Svitovh, A.A., Sidorchuk, A.YU.y&hev, V.A., and Chernov, A.V., 2002, Nizhnaya Volga. Geomosfol
giya, paleogeografiya i ruslovaya morfodinamika (The Lower Volga: Geomorphology, paleogeography, and fluviad morph
dynamics): Moscow, Geos, 241 p.

37



Plenary session
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INTRODUCTION

Evolution of deltas is among of the most difficult and the least studied hydrological and geoloprp
ical processes. Studying of regional specificity of process shows that pleesibof deltas depends on a
proportion of river and marine factors, type of offshore relief, variability of level of a receivimyasigse
complexity of structure of deltasydrographic network and anthropogenous influence. Mouttepses 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 dretsystems of water cu
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 ahits marine edge is connected with fluctuations of receiving reservoir
level (Baidin, 1962; Mikhailov and others. 1978; Richagov, 1994; Kroonenberg et. al., 1997). In these co
ditions and in geological time scales delta position changes within a zdrermakimum displacements of
the delta top in direction to a land, and its marine édgevards the sea (fig. 1).

T 7 T
vOLGAESTUARYNR  OBSHOHIY 7~ SYF
+50m (KHVALYN) i {

&7

-110m
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VOLGOGRAD
°

b

Fig. 1.Influence of Caspian sea level fluctuations on a geographical position of Volga mouth
at maxi mum ( ©O) aevalKroonenbermet.ral.,, 1997) sea |

As a result are&s, 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 peregsota(Sw
toch, Badiukova2002). In the conditions of the maximum tsgression of Khvalynskiy Sea the top of its
delta was in area of a modern mouth of the Kama river.
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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 psscdepends 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 ofstiieeo€auses

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

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

Stable position of delta top saves a role of marine and river fact@wolution of delta marine edge.

The analysis of the combined time transgressive maps and satellite imag2s gfigws that process of

marine edge changing of delta passes in several stages (Ruslovye processi., 1994; Alekseevskiy et. al.,
2000). They iffer, in particular, on intensity of changing the area of the Volga river &ekand its sega-

rate areas during F18fl(7wherésI 0 .dubDeape mdhermde del ta evol
increasing nonlinear character. As a result &ehas increased almost in 3 times. Speed of incre&sing
reachedm¥ge@rinZl® 1 1935 and extremely incflyea)siesep-i n 193
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 parfin 1B® 20 was i n 271 2,

more (9,0 kri'year) than speed of increment the western and central parts where it was approximately the
same (nearby4idthyear ). In 1920711935 rates of

changing of
process charactstics for the previous interval of time.

Verh. Lebyajye

increment in 1868-1920
E=] increment in 1920-1941

increment in 1941-1978

Fig. 2. Evolution of marine edge of the Volga river delta during 1020

After 1935 the maximum speed of increment was observed in eastern part of delta (tifl\gaRmIn
the western and central padfsdelta speeds of process were almost in 2 times less. Further speeé-of incr
men t of the western and cent knd/\ear)plaeastsn paraosdelth thisr e a s e
characteristic has decreased in a greater degree (in 4 times in comparison with the period till 1985). Depe
denceF, =f ( hajl decreasing crecterfrom 1978 till 1995. This period has corresponded to reduction of
the deltads area in the conditions of the Caspian
delta position of delta marine edge has not changed. The areas of islandgyfimodé outshore thanam

rine edge of delta appeared significant only in the western part of delta. The situation also saved after sea
level stabilization on marks nearb27,0 m BS (19952010).
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The main factor of the delMolgadiseristheechangny e Gappian g i
sea level. Its enduring increasing was accompanied by linear increBgdtahdicates by coincidence of
tendencies of changifgrat f ast (1920711941) and rather sl ow (
mum speed of increase the area of delta Volga corresponds with decrease in level of Caspian sea from the
marks exceedin$25,5 m. In these conditions become more active processes of the delta eastern part i
crement. Similar consequences occur at decreasingthiegel from mark$27,8 m, when the maimi
vestment in increasing Hntroduces increment of the western and central parts of delta.

There are some periods in development of the Volga delta, Witbas appeared like inverse function
of sea leve] (owing to its increase). Speed of reductfordiffered from speed of itgicrease at sea level
decrease owing to floodings. It has appeared considerably less. At sea level position oR2Z Mamnkin
1998 (1l evel i ncr e asgekfill) the nalta ated 8cZordihdlyI@hstitiitedeBA00 and 5000
km? The differencén 3000 kni 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 witpehied of their joining to delta new parts of
delta are flooded.

Features of the delta area changing adjusted with change of length of its marihe(ledgghs of the
coastal line considering a configuration of all gulfs and peninsulas) rather weteridency 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 depe
dence betweeh and timeu (calendar years) had linear character: aT+ b wherea = 1,13 andb =i
1700 m. The more is sea level, the lesk.i®©n the contrary, reducing of sea level was accompanied by
increaing in length of marine edge of delta. The equation of communichtbmeerL and looks like
L=bT a | \where factom = 54,5 m;b = 1000 M. Changing. in time corresponds to chging the area of
t he Vol §aldgenedilecdsil aeuj ( sel /. Bais jelation is true for conditions at which change
F randL has smooth character. Connection between variables establishes the polynomial equation:

®eh seu2ld sl | /18 ek )’/ v (1)

From the equation (1) follows that at intensity of increment of the Volga eelta/ =ku2 and 5
km/year its area will increase accordingly for 24, 51 and 1

Vd
0,31
0,2
- Active

® [] Passive

0,11 ®  Actual data
<

0
-0,1

0,2 0,1 0 01 Cm

Fig. 3. Correlation of active and passive mechanisms of increment of the Volga delta ir2@80.7
(V= (eF L&Y , @3/ ey

Speed of the area changing process of the \iddfa, carried to average length of marine edge of delta
Vy= eaeRJtifless 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 seardwef the Volga
river flow. Level of Caspian sea influences on speed of increment of delta (fig. 3) quite unequivocally. At
small changes in sea leveeH / %y it corresponds to active increment of delta, which is equal, in ave
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age, 0, 0271 @tsignHicakt ohanges intthe leveeH / seuv 0, 0 3)Speel/ofcinsremenhd
creases owing to passiM/fkaid O mgeaarghistproceds stiputates fat €0bot a . I
of the general increment (30% of a linear gain of the area areatedngith active increment of delta), at
& H/ a10,15m/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 &e\Wl/( 2@ functioneae F /(s gharace-
risesintensity of flooding of seaside region of delta.

Influence of carrying out of river deposd¥r+c in amountsV, is less obvious. AWg+c<10' tlyearin
top of the delta specific speed of changing the delta Yredecreases to the minimum significances
( 0076 km/year). Involving deposits almost does not influence on lengthening of deltoid acresnént of
delta marine edge is carried out in the conditions of domination the passive mechanism of delpa develo
ment. f value ofWk+g exceeds 10tlyear in theconditions of sea level increase, amovpincreases accdr
ing to exponential law. The maximum amoWfitin the Volga river delta is 0)m/year. In the contons of
seatransgression recession of marine edge of delta reaches a maximum at the lowered sedimentary flow.

CONCLUSION

Changing of th&/olga delta area and itearine edgelynamics depends on joint influence of river and
marine factors (Baidin, 1962). In the last 193 years it is basically causednificant fluctuations of the
Caspian Sea level. River factors had the subordinatedficdgite, ensuring minor alteration of process
characteristics. Positioof delta marine edget irregularity and increment in the sea was considerably

changed in time. In XIX century developed east partof della, XX century 1 <central a
actively. Speed of i ncr eas iYpegr (at $peeds dfedelta ancremene @ r e a c
1,812,2 km/year). Rising of sea level fromi-1978 ti

cal position of delta marine edge. Connection between changing of the delta area arevel baa hom

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 increasingtbea level reduce faster, speed of delta increment increases owing $s the pa

sive mechanism of change of position of its marine edge. If level fall with a speed of/{¥d5 this meclrma

ism stipulates 70 %, and at speed of 0,15 m/year 1
the Volga river delta for | ast two centuries in ave

ACKNOWLEDGEMENT

Researchers are conducted at Russian Fuedtah Research Fund financial suppoPrdject
09-05-00339 FPP "Scientific and pedagogical cadres of innovative Russia" (the state contract
02.740.11.0336 and projee164)

REFERENCES
Baidin S.S. Stok i urovni delti Volgi., 1963.,. Hy dr omet eoi zdat .
Mikhailov V.N. 1971., Dinamika potoka | rusla v neprilivnih ustialrék., Hy dr omet eoi zdat .
Mikhailov V.N.,Rogov [ . [ ., Makarova uv. ¢., Pol ons ki yeprinibrek, 1977.,
. Hydrometeoizdat.
Ruslovie processi v delte ValgUnder the editorship of N.I. Alekseevskiy., 1997., MSU Geogr aphi cal Dep
Richagov G.I. Uroven Kaspiyskogo moria na rubeje X\XlIX vekov., 1994 //[Geomorphology. N2fr). 1108

Svitoch ¢.¢., Badukova . N, g28@&@mor PlhhgliedggBnni e2dol i ni Ni j
Alekseevskiy N. ., Aibulatov D.N., Chistov S.V., 2000., Shoreline dynamics and the hydrographic system of the Volga
delta/Dynami ¢ earth environments. Remote sensing observations

Kroonerberg S.B., Rusakov G.V., Svitoch A.A., 1998., The wandering of the Volga delta: a response to rapid Caspian
sealevel change /Sedimantary Geology 107 p t209.1 8 9

41



Plenary session

SYNCHRONOUS MEASUREMENTS OF ELECTRICAL
CONDUCTIVITY, TEMPER ATURE AND PRESSURE IN CASPIAN SEA
AND THEIR PRELIMINAR Y ANALYSIS
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In the recent decades with the development of the space information and computer technolagies in st
dies of he 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 prooesses, pr
ceeding in the atmosphere, on dry land, in thewesand 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 partiCakpiaim Sea. The
number of such contact data which includes the results of the synchronous measurements of specific co
ductivity, temperature and the pressure, was carried out by the workers of the Institute of Geography of
ANAS, together with the colleags 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 téme discret
ness (the time interval beeen two sequential records)s min. and were takemN =13128¢ records on
each of the measured values: on the specific conductivity, the temperature and the pressure. Station of me
surement was located at a distance by 80 m of the coastimsprs were mounted on the floor of sea at the
depth 12 m. The region of measurement are characterized by the moderate flow and turbulent nixing, not
ceable pollution by petroleum products (in essence, as a result the operations of oil pumping frem the ve
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, temperatis®jrpreatnospheric pressure
and sea level. Note that measured data are represented in the convenient computer formats and-can be eas
ly used by the researchers of Caspian Sea.

THE RESULTS OF MEASUREMENTS AND THEIR AN ALYSIS

The dependences of electrical condugi@t= C(t), temperatureT =T (t)and pressureP = P(t)on
timet are given in Fig.1. In Fig.2a, 2b and 3b the dependence ort tahelectrical conductivity, tempar
ture and pessure are given individually, correspondingly. As can be seen from these graphs, the seasonal
changeability of the measured values, especially temperature, is clearly outlined. The analysisaef correl
tions between the electrical conductivi@yand tempeatureT showed that there is almost linear connection.

The correlation coefficienR.; is very high andR., =0.96. However, the correlations between thecele
trical conductivityC and the pressure, and so between the temptewra T and by the pressufe are can-
paratively low and they are equal, correspondingly, =0.51 andR,, = 0.54.

The curve of the time series of atmospheric pressure which was plotted by using the datesafrom me
surements on Pirakhi island within period 17.07.2088.03.2009, 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.dpdutra (periodograms)

Sc (¢) of electrical conductivity { 2P T period of harmonic, which has the frequencigsare given. In
W

the spectrum there is a sharp peak with24 h, which caresponds 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:
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Dispersion can be calculated, also, through the spectrum this time series [1]
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Fig. 3a.Dependence of the sea level= L(t) (cm) on timet
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Fig. 3c. Dependence of the atmospheric presddye= P, (t) (mmHg) on timet .
(1-st day corresponds to 35 day in Fig. 3b)
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For the time eries of the electrical conductivit¢, = C(t ) average value and the dispersions, walc
lated by the formulas (1) and (2), wer€ =10.79 (mS/cm), sZ =.06 (mS/cmf and

St TPc( ¥d ¥065 (mS/cmj. Closeness of thvaluess? and St s indicates the high accuracy of
0

the calculations of the spectru8, (t ), of electrical conductivity. The linear trend of time series of-ele

trical conductivity during entire period measurements (455 days) is small and is expressed by the equ
tion:

& =12 136 - 0 0059256 , (3)
where the time it is expressed a day ¢t ¢455 days).

In Fig.5 and 6 the spectra of temperat&€t ), and pressureS, (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 tempaure T, = T({ ), average value and the dispersions, calculated by the

formulas (1) and (2) wer@ =16.97 (¢ 0 )s3 =53.5C & Q. Linear trend of time series of temperature is
also small and is expressed by the equation:
U =18 862 - 00082848 . (4)

0.16 — 1.60 —

- Specter of conductivity Specter of conductivity

0.12 — 1.20 —

0.80 —

0.40 —

2 4 6 8 10 12 14 16 16 18 20 22 24 26 28 30

Hour Hour
Fig.4. The specter of conductivit$. (t ) (( mS / cm9 /mi)

However, in the spectrum of pressure are a noticeable maximum at the pef&imin, sharp peak
att © 12 h. and weak at 24 h. (Fig.6). In addition to this there are noticeable maximsuat
t 92 Hh.andt 96 218h. For the time series of the pressifife; P(t ) average value and the dispe
sions, calculated by the formulas (1) and (2) wdPe=14.95 (dBar), s? =0.0241. (dBan2 and

o

szpySp =Pe( Yd 106241C (dBar)2. Linear trend of time series of pressure is negligible and is expressed
0

by the equation:
{ =14 961 - 0 000030528 . ®)
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For the exposure of the influence of changes in the atmospheric préssioréhe pressure in the water
P, thereby ¢ sea level, the correlation coefficient®, ., R, and R, , correspondingly, between the

time series P,(t), P(t)]; [R.(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 R R, Re.
Dayly 10.029 10.447 0.568
Monthly 10.489 10.883 0.756

As can be seen from this table the daily variations of the atmospheric pire¢sut@nd pressureP(t)
on the bottom of the sea are very weakly correlaigd, (= ©0.029) quantities, while between the monthly
fluctuations of pressures there is a noticeable correlat®n & 0.489). Evidently this is connected with
the fact, that the inertial body as sea does no reaction tetehor{day) fluctiations of atmospheric @€
sure; however, it gives response to its lgagiod (monthly, seasonal) changes. The negative sign &-corr
lation indicates, that with lowering in the atmospheric presslresea level, respectively and theegsure

P, rises, and vice versa. This can be noted, also, from Fig. 3b and 3c.
Since, the sea levdl(t) and the pressur®(t)on the bottom of sea are proportional quantities, then

correlation coefficient between thenust be very high. However, in terms of the daily average values of
the quantitied(t) and P(t) (Fig. 3a and 3b) it proved to bdR, =0.568. This, not very high value
of R, , it is possiblejs caused by two reasons. Firstly, the measurement of quanifti¢sand P(t) were

conducted at the different points of the sea, where the local morphometric characteristics and hydrological
regime were different. Sendly, the data about the levélt), 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 @rrelation proved to beR, =0.756. Evidently, the increase dR,, was connected

with the fact that with the smoothing decreases the contribution of theteharfluctuations, which ce

tain the uncorrelated errors @{t) andP(t).

In the spectrumsS; (t ), the atmospheric pressuré (Fig. 7a) are obvious maximums at 412,

t 946 dt 92 days. Comparinghis spectrum with the spectrum of the press8eét ) (Fig. 6) we can
assert that fluctuation in the time seriBét) with the periodst ©°2, t °6 days are caused by synoptic
changeabiliy of atmosphere. Let us note that the period of inertidlagonst ,,, is determined from the
formula:

P
w. 6in (©)

in

where w, =t2_p is the angular velocity of Earth rotation{ =24 h);] T the geographic latitude of obise

E
vation point.
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Calculated according to (6), for the latitude =0, the period of inertia oscillations was
t,, *86hour. In the spectrum of the pressuge (t ) (Fig. 6), in the hour interval are separated narrow,
strongly and weakly expressed peaks that correspond, respectively, to fluctuations of sentiditlal
h. and dailyt ©24 h. periods. As is known, these fluctuations seiehe [2]. The amplitude of semidiurnal

fluctuation is about 2 cm, and of daily at the level of noise, 3 mm. In the sfgeffd andS,, (t ), in the

daily interval are allotted the peaks, which correspond to harmonicghwtperiods near by the period

t,, *8.6hour of inertia oscillations. In the spectrum of the level there are clearly expressed harmonics
with the annual { ©°365days), near by the half yeat (°200days) and season@l ©°00 days) peiods,

apparently caused by the climatic factors: the annual changeability of inflow (in essence from the Volga),
by the intraannual and seasonal changeability of evaporation and precipitations.

CONCLUSION
Let us note thafurther 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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INTRODUCTION

Anthropogenic emissions of the major atmospheric pollutants, namely sulphur dioxige {i@0gen
oxides (NQ) and ammonia (N}, are increasing rapidly as industrialization proceeds and the use of fossil
fuels increases in new geographical areakiding the Caspian Region. This causes acidification op-eutr
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 resultethntial decrea
es of acidic emissions within Europe, which have led to a lower degree of environmental degradation and
even ecovery in some ecosystems.

The rates of both dry deposition of particles and occult deposition are largely dependerfa@a sur
properties and in the case of deposition to foregtsather uncertain [Erisman et al., 1995]. Neither éry d
position nor cloud droplet interception is easily quantified and many studies have been devoted tg-an asses
ment of their contribution to tal deposition to forests. However, there is a lack of {amgde, longerm
measurements in this regard and there is a large gap between the results from field experiments, wind tunnel
studies, and model estimates {jgtok et al., 1995].

In the processf 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 inemsonable way. The quantification is necessary on a local
level to make a linkage between modeled deposition estimates and soil loaesvevaif the intent is to
help protect sensitive areas then there is no substitute for gesitt@lata [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 usaigitption collectors. The
exception is in upland areas where orographlta@cement of rainfall occurs and an assessment okihe e
tent of seedefeeder effect has to be performed.

Several methods exist to estimate the dry and occult deposition to forests on small spatial sgales. Ho
ever, direct measurement of aerosols andccliroplet deposition is difficult except by micrometeordiog
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
radioisotoe *°Pb and the anthropogenic o&Cs, to quantify the effects of aelynamic roughness and
orography on the deposition of atmospheric aerosols as particles and/or droplets. This indepdndent tec
nigue may enable improved estimates of the effects ofuaadn longerm inputs of pollutants in precip
tation, cloud droplets or as aerosol.

EXPERIMENTAL METHODS

Natural and artificial radionuclides present in the atmosphere have long been widely used as mtmosphe
ic tracers. These radionuclides are assatiaiéh nonradioactive aerosols and hence can serve to trace the
fluxes of aerosols to various surfaces. 1-240 and caesiwh37 have been shown to be particularly useful
because they are associated mainly with submisized aerosols, which contain thellbof the pollutant
sulfur and nitrogen [Vahabi Moghaddam et al., 2000]. The 210Pb isotopdifgnalf2 y) is the decay
product of 222Rn, which readily diffuses from soil into the atmosphere. When scavenged from #ie atmo
phere along with carrier aerospR10Pb and the atmospheric origin 137Cs {lifelf 30 y) are etained by
the surface horizons of sail that acts as an efficient integrating collector. In soils that are not physically di
turbed for several decades, its inventory is at steady state.vidqveecorrection has to be made to tie i
ventory to compensate for any 210Pb that is produced by il decay of 222Rn.
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The longterm averagé'®Pb concentration in the atmosphere may be considered reasonably constant.
Thus, variability in the soiinventory of**%b provides a direct measure of the local variability in depos
tion of aerosols (by wet, dry and cloud deposition). In the cas¥@, the area of study should be much
more limited.

When a steady state between atmospheric supply amhctisle decay exists, the flux 8fPb from the
atmosphere () may be obtained as the pfPbandtheinvenforyofhe dec
unsupportedatmospheric) 210Pb in the soil profile (I):

Fpp= | X |
Bq 2 y-1: y-1 Bq 2

Its unsupportednventory in undisturbed soils may then be used as a measure of totall @eposition
averaged over about 30 years, approximately the mean nuclear lifetime.

Split-level sampling technique were applied to determine the profil@$Rif and"*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 activitiésfth and'Cs in dried soil samples were dete
mined by nordest u ¢ t-dpacteometry using high resolution HPGe detectors. MeasurenféfRimfnveno-
ries were also conducted in order to make corrections feuported%Pb [Branford et al., 2004].

RESULTS AND DISCUSSION
Measurement of radionuclides inventorasDunslair Heights, Scotland, revealed an average canopy
enhancement in deposition of approximately 37% (see Table 1), which is found to be consistentoaith dep
sition estimates obtained from a letggm continuous record of cloud frequency and metecicabga-
riables, and is also in good agreement with the UK model deposition estimates for the site [Crossley, 1988].
The measured®Pb inventories at ten sites along a transect in Southwest Sweden (Figure 1) show that
the deposition increases quite markediith distance inland to a maximum in upland sites, (G, H & I)
roughly 2030 km from the coast and decreases by almost 3Q#tvesto the maximum, at a site about 60
km from the west coast (site J). This follows the trend in-k@ngn precipitation varigon along the tra-
sect. The trend in sulfur weleposition calculated from data on its average concentration in rainfal [Gr
nat, 1990] and sulfur deposition estimates by a regional atmospheric dispersion model developegd by Lan
ner et al. [Langner et all995] show a similar overall pattern.
The measured radionuclide inventories at six sites along Adé@hatkhal transect in the Southest
Caspian Region show that the deposition decreases with distance from Caspian Sea0shoesl) up to
20 km inlandat an elevation of about 1000 m asl (locations B in Figure 2), then a quite markedly-i
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 maximunsitg about 35 km from the coast at an elevation
of 1950 m asl (location F). This follows the trend in lgagm precipitation variation along the transect
[IMO, 2009]. Considering the topography and meteorological condition of the site, the increasesn dep
tion at locations E & F could be mainly due to seddeder effect and occult deposition enhancememt. L
cation E is a highly exposed site close to the summit looking towards sea, whereas F is located on the opp
site front of the mountain, which couldve been lessf@cted by occult deposition.

Table 1
1% inventories at Dunslair Heights

Open Inside the forest canopy

moorland
| Sample location || DH1 || DH2 | DH3 | DH4 |
210Pb inventory*(& ) || 2325 (114) 3121 (557) 3252 (436) 3211 (44)

Bgq m2

| Increase undecanopy || [| 34% | 40% | 38% |
| Average increase || [| 37% |
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Site Code
Fig. 1.Mean atmospheritPb soil inventories in the open field (front row) and inside forest canopies
(back row) along the SW Sweden transect

Bqm

Site Code

Fig. 2. Mean atmospherit-Pb soil inventories along thisalemKhalkhal transect in the Soutbaspian Region

CONCLUSION

The depth profiles of*%b in more than 500 collected soil samples demonstrate the efficient iramobil
zation of the radionuclide in the surface horizons of soil and show no evidence oifiaasigaccumud-
tion of atmospheri¢*®Pb below 10 cm depth. The soil inventories’8b provide a measure of lobgrm
variation in deposition rate of atmospheric aerosols as particles and/or droplets that is operationally easier
to carry out than theibct 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 outhin study, it may be concluded tH&fCs has the potential of
comparisons within a limited region, but definitely notbetween sites largely as a consequence of the
patchy deposition of this radionuclide associated with the Cherfiad depositechi 1986. Moreover, it
is found that it has a high mobility in highly organic and acidic soils.

Radiotracer study in the Sou@aspian Region reveals the susceptibility of high elevated forests ef the r
gion to increasing levels of atmospheric pollutantstdwticipated enhaament 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 resourcesragems, incld-
ing the Caspian Sea region. The-fojority question understands of the sea level changes causessand po
sibility of its longterm fluctuations prediction. Fluations of the Caspian Sea level (CSL), in its turn, are
also a point of interst 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 v
riance of the water balance components and mainly by thertimeff and visible evaporation. That is, to
our opinion, the point for the choice of method of the {argn Caspian fluctuations qatiction.

ANALYSIS OF VARIATIO NS IN THE CASPIAN SEA LEVEL

Analysis of a wide spectrum of publications on the subjecteogéa level flatuations made it poiss
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 otheroBisgnthis case is accomplished
when it is possible to reveal temporal shift between the sea level (or components of the water &r heat ba
ance of the sea) and the predictor (process which is fit for connection). This group could also include the
works onresearch 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 ther¥olf nu
bers) or neotechtonics. Those approaches do not excleigetlessarily 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 &8-the que
tion still seem to be uncleaDependences between the sea level and the atmosphere circulation ckaracteri
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 prognoseevetéahanges coincided with reality
for certain time intervals, i.e. pretiobns are often successful. But periods of quite close connecting of the
average Caspian level magnitudes with, for instance, corresponding indexes of the solar activitg-or atmo
pheric crculation 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 stdulifo expect
success in predicting by this way of eéasch. 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 processgs for pro
nasing are often connected with just one predictor (though it is quite possiblecise@ 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 [Sidore
kov, 1982]. Changes ohé¢ 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 ofpm@iasses going on the Earth. At least
sharply definite changes of 1978 and 1996, when the certapia@devel changes took place, are clearly
seen on a curve of the astronomical day duration change.

Second group of forecasting combines stochastic gndrdicallystochastic models, the essence of
which is the probable description of the sea level fluctuations based on understanding of generating clima
ic and hydrological factors as the stochastic processes. Stochastic water body model is usuddhgadonsi
as mathematical model of the water level fluctuations in a reservoir interpreted as a hydrolsgioal sy
with two income processésriver inflow and visible evaporation from the water surface. Modeling of
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those characteristics rows allows to studydbae level variability in natural conditions of the hydrological
regime forming as well as under its different irregularities. Linear dynamistdthastic model is widely
acknowledged for description of the Caspian Sea level fluctuations (suppositienlioiar 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 statiotieryieér 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 soenor other average waterlbace magnitudes relationship.

Longterm 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 thefaea,sre-
trievable losses from the water flow into the sea. Stochastic character of thterwonfiuctuations of the
seawater balance components presumes only probabilistic estimation of the sea level regime parameters
for perspective, and these esdfions 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 nater of the (CSL) change is too complicated to solve the problem of its variabéity pr
diction within the frames of the linear dynamicadipchastic model. At the same time we should mention
that the followers of stochastic modeling seem to feel rathecalrttbwards the first group of publications
(though they motivate this criticism rather logically).

Principally new ways for the lorgerm Caspian level change forecasting become possible with the use
of the big climatic models, which are being activelyaleped during a last decade due to solvation of
problem of the global and regional climate changes. With that lingdef the Caspian level fluctuation
changes of a regional basin climate are considereddicgdo the global climate change.

Global modéng 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 performel thd MPIECHAM4 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 increasfdroim the Volga basin resulting from
a change in the wter circulation bringing more geipitation over the region.

However, the authors were careful to note that the robustness of their results was limited by tae relativ
l'y coarse resolution of the model hé¢QaspmtSeawasihoz ont al
represented at this resolution. Similarly, using 21st century simulations from global climate models, Mo
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 diffe
ent greenhouse gas (GHG) emission scenarios (the IPCC Alb and A2). The majority of models predict a
steady decreasing trend in the CSL under both scenaiitbsno period of stabilization or recovery. Only
two models predict an increase in the sea levelCIRBRM-CM3 (A2 and Alb) and the CSIRMK3 (A2
only). This large CSL response is due to a large increase in evaporation over the basin.

New climate changetisdies 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 willibe pract
cally no change of the Caspian Sea level in the XXI century.

Evaporatbn over the sea is a very important component of the basin water budget [Panin, 1887, Gol
tysn et al., 1995], and for the ensemble average it comprises over 40% of the total evajarsjiration
contribution to CSL change. Differences in how evaporeis parameterized in the models can haveg-a si
nificant effect on projected changes in the CSL.

The previous investigations [Golitsyn, Panin, 1989] have shown that changes in thbalatee com-
ponents account for only 90% of the currentlsa@l| varidions of the Caspian Sea. There may bema-nu
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 thatfthe state
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 smallscale interaction between the dbatks and the atmosphere. The point is that waves in shallow
water are steeper than in the open and -destpr parts of the sea and break earlier (at lower wind speeds).
These peculiarities must lead to an increase in the aerodynamic roughness of thenfeaterand, cors

quently, to a more intense turbulent exchange of momentum, heat, and moisture. It is possibly due to these
conditions that the KarBogaz Gol, after it became isolated from the Caspian in 1980, wasg)dryid

most twice more rapidly thaexpected. 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 camsider 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) ev
poration and friction velocity from shallow waters thetazally 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 gatésce 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 indicategmificant influence of the basin depth on the intensity rgrgy
exchange in natural conditions. On the other hand, the examples presented illustrate a good agreement of
the model calcations with experimental data. In real conditions, with the use of direct data on the depth,
area, and wind frequency, the cotien for the shallowwater effect gives an increase in the resultaat ev
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 istigations of temporal variability of local hydmeteorological chaa
teristics and of their possible connection with global climate changes.

Let us write the system of two equations:

dH/dt=RF+ P_T E_+GF, @
dw/dt + AF1i AF2° Pi E 2

Equation (1) characterizes the water balance of the closed water body. Equation (2) charactegizes the r
gion water balance, including the water batbelf and its basin. In equations: River runroff, GFi unde-
ground ruroff, W T moisture content of atmosphere above the bagin,AF, T horizontal masture fluxes.

Let us assume, as in the case of the CaspiaGBH201E, we find that the wateelel change may be
determined from:

dH/dt° dw/dt+ AF;i AF.. 3

From (3), in particular, it follows that the water level change essentially depends on horizontal transfer
of the air mass, and tltrection 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 changesiin the env
ronments of the Ggian 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 fornatidrdevelopment of steady
directional changes in the intensity processes of interaction between the underlying surface andthe atmo
phere (including evaporation) in the Caspian Sea region during nearly-fhea@eriod of the sea level
rise. It is foundhat the global climate nonstatioitg manifested itself in the Caspian Sea region during the
last decades in the essentialrraagement of the surface atmosphere circulation. In the region as a whole, a
tendency towards a decrease in the wind spedgkiaurface layer of the atmosphere is observed.

Against this background, trends in the mean monthly wind speed vary with wind directionsand se
son. A steady, statistically significant trend towards a decrease in the speed magnitude of the winds of
zonal drections is found. The above results show that in the studied region a steady, statisgieally si
nificant decrease is observed in the speed of surface winds ofiomali directions, where speed is
about 20% higher than the speed of winds of other dinestidhis rearrangement of the atmospheric
dynamics in the intetion 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 angk as a co
sequence, ithe Caspian Sea watesgime.

54



Plenary session

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 thelicyapecifics of the air fluxes movement (changes of direction
and \elocity of the surface wind). Moreover, transfer of the atmosphere circulation brings to even mare signif
cant evaporation changes (approximately by 3 times) than those of the regional warming-gt tast@d,.

The estimates of possible climate changaséncurrent 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 atmosphessaratrathy
modified if the formation mechanism of climate changes connectedrauitidrobin mechanisnis ac-
counted for in the models. Thip@oach 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 Agreenhoused aad dAcycl
ture growth which is complicated by qugmriodic 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 accooding@e
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 toithé trop
zone, the suggested scenario of the temperathange 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 thaiaplyrox
up to the 2030 year the sea level will slightly go down, after what a ngeg0sea 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 sdavel drop (between 1929 and 1977 thelseal dropped from25,9 m t0-29,02 m
absolute scale, that is by more than 3m). Later in the 1980s and 1990s, this interest was caused by a rapid and
significant sedevel rise (2,36 m between 1978 and 1995 reaching an absolute l&B6f m in 1995). Such
sealevel changes could not butfluence the infrastructure of the economic activity and living ciomditfor
people in the coastal areas. In fact, theleeal drop in 19370s caused the exposure of aitery of more
than 48 krfy which exceeds the entire area of countries sucteamark or Estonia. The seosient sedevel
rise in the end of the century caused flooding of territories larger than the size of Belgium or Moldova.

The sedevel drop in 193670s led to a number of negative consequences (7). Fisheries suffered the
mostdue to sharp decrease in the fish feeding areas and decrease inspatrrahg grounds. In the 30s
when sedevel was-26 m on the absolute scale, out of the entire fish yield, whiafpised about 500
thousand tons, almost 90% were fishes of high ceroial value (sturgeons, ordinary large fish, Caspian
roach, herring). In the 70s, when Caspian Sea level2&5S m on the absolute scale, out of the same fish
yield, valuable fises comprised slightly more than 20%, mainly due to artificial breedisugjeons. The
forecast was for further sdavel decrease. This was the dominant scientific standpoint in those days, which
was officially acepted by decision of the special section of the USSR Academy of Sciences (1933), which
was devoted to the problemm the VolgianCaspian area. Accdingly a plan was developed to block the
connection via the strait of the Caspian Sea and#haeBogazGol Bay.

This was implemented only in the 1980s, when the Caspian Sea level already started to rise. Another
projectplanned in those days aimed to partiallydneect the northern rivers runoff to the Caspian Sza b
sin, and this one also had just commenced in the 80s. Another example demonstrates the existing predi
tions of the 70s. According to a feasibility study floe redirection of the water flow from Pechora to the
Volga River (Gidroproekt, 1975), the calculated-kmeel values of the Caspian Sea we8,95 m abs-
lute scale for 198529,3 for 1990; and30.1 for 2000, while in reality the séavel was at amabsolute le-
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 colantrgf Pagestarialmykia and
Astrakhan regionbecame the flooding and underflooding zones:I8es rise negativelympacted the cities of
Derbent, KaspiyskMakhachkalayillages ofSu |l a k , Kaspiyskidi (for mer Lagand
areas. Mjor areas of the farmlands, situated on thedated areas after the 1929-tmzel drop, were flooded
or underflooded. Roads, power lineggineering structures of industrial plants and public utilities were washed
out and underflooded. Fish farmingtive Volga Delta was on the brink of collapse. Dominance of negative co
sequencgover 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 péaiglef the ecological catastrophe. Maas to
protect the national economic property and settlements from the advancing sea were startinglpbd.deve

CAUSES OF SEALEVEL CHANGE

Analysis of recent selevel changes in the Caspian Sea and thein@oic consequences result in three
major questions: I How unusual are these skwel changes? 2 What are the reasons for deael
change? 3 Is it possible to forecast the Caspian-kaeel for the nearest and distant future and how impo
tant are gemorphological 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 tempordkegebhchanges of the Caspian Sea is a nbrma
phenomenon of the unstable state of the enclosed body of water with changing conditions at its muter bou
daries. Therefore, there is nothing unusual in the recenegelachanges of the Caspian and, from the
viewpoint of natural history such changes aot leading to an ecological catastrophe.

Among the mechanisms influencing the Caspianleeal change are geological and climatic forces.
Geological mechanisms include, on the one hand, processes leading to the changes in the basin volume
(tectonic ativity, 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 byrthe unde
ground layers during the alternation of tectonic phasesmpoession 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-wag process, while sdavel change is an oscillating
process. Secondly, thiate of sediment accumulation in the basin is several times slower than the observed
rate of the sedevel change. According to available data, modern sedimentation rate is 1 mm/yr, and ave
age rate of the Caspian Sea level rise in 18985 was 13 cm/yand in certain years (1979, 199%- e
ceeded 30 cm/yr. As one can see, these values are incomparable. (By the way, it is noteworthynthat the i
creasing water use from the rivers supplying the Caspian in the first part of the XX century was to have
influenced sealevel 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 significaneimie on thealume of the Caspian Sea
basin (2). Similar to seismic deformations, changes in the bottom surface occur as a result of the mud vo
cano activity, but they occur locally and cannot affect thdeses.

Among geological factors, controllingpeé 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 % knT) and cannot significantly affect the searel, especiallysince 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 al&tion of tectonic compression and tension in the rocks underlying the
Caspian Sefloor leads to either squeezing of the waters out or to their absorption, which resultsgn chan
ing sealevel. At the moment there is no evidence supporting this hypothesis.

According to (1), there is a contradiction, which is undisturbed stratificatitiresilty waters, pointing
to the absence ohajor migrations of the water through the bottom sediments. Secondly, for the flows-to poss
bly change the sdavel, we need to allow for such high volume and speed for squeezing the water out, as well
as fortheir own different temperatures, degree of mineralization, brine content (duringititeqd seaevel
rise more than 900 km were added, R.G.), that in these areas there must be maskigecalydrydrochemical
and sedimentation anomalies. And, asds we know, there have not beensteged any of such anomalies on
the Caspian bottom waters. It is also noteworthy that the mechanism of periodicatédeggroundwatemu
load into the Caspian has not been yptaned according to geologists thestves (4).

The question of the tectonic influence on the Caspian Sea level is more complex. Undoubtedly tegtonic acti
ity played the defining role on the initial stages of the sea basin depression formation. Tectonic activity was also
important in its léer evolution, which is evidenced by the deformation of the ancient Casgiane terraces
and location of synchronous layers of shalleater marine sediments at different hypstiméevels, or for
instance the eastestern shift of the Caspian basiithin the Quaternary period by tens of kilometers. Aaom
lies of the geodesic and sleael measurements support the tectonic hypothesgording to these anomalies,
tectonic movement rates can reach &n/yr, and can significantly coifitite to the sekevel change. However,
if one takes into consideration, that the Caspian basin depressicaiésIwithin the geologically heterogenous
territory, and as a consequence these movements will havelmeaawn periodical character with multiple
changes imirection, that is not very likely that it will lead to high amplitude changes in the volume @kthe b
Such type of movements will eventually lead to-selipensation.

The fact that coastal forms of the New Caspian transgression along the erpienCasst (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 confirrdéy another special invégation (5).

The main factor defining the Caspian Sea level in the Holocene and during the last decades is the cl
mate change within its basin and water area. Multiple data from field and laboratory studies prove this.
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Thus, caonparison 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 warmirlg or coo
ing, increasing or decreasing humidity (1). There is a tightbetween the components of the watekr ba

ance, which was pointed out by many researchers, and also supports this point of view. Climatic or water
balance concept of séavel change in the Caspian is supported by quantitative data. Within the cdntennia
period of observations of the Volga River runoff, the correlation coefficient between thevskand 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 ab@0% of the incoming part of its water balance. If we exclude years
with small sedevel changes (1900928), then the correlation coefficient will rise up to 0,85. But if for the
analysis we select periods with fast-$eeel drop (19291941) and setevel rise (19781995), 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 andesed not from the year 1900, but from any other

year. Thais, 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 gemlogical hypothesis. Quarmtive link of the sedevel with water

balance is well traced when comparing the calculatégesawith actual increment of the level: it varies
between 0,3 and 1,8 cm/year. All abovementioned does not imply that theragsdto study other ¢a

tors, which in the interactioretween each other in different circumstances can influence tHessa

PREDICTION OF THE SE A-LEVEL STAND

We still need to answer the third and the most important question about the forecagadpize Sea
level. As a result of recognition of the climatic nature of the Caspian Sea level changes within the last ce
tury, the forecasts of the stavel were mainly based on water balance estimates. There were a lot of such
forecasts, but since theyeve based oprobabilisticmethods, they did not achieve good results for the
lack of the theory and absence of training in kbeign forecasts of climate change on vast territories. The
same way, consequences of the supposed climate warming are clear foeithe Caspian basin degpre
sion, nor for its water area. Slightly more reliable are the forecasts based ciE&talinkage and the
changes of the global atmospheric circulation.

To solve the question of the Caspian Sea level we are using thggmismrphological approach, based
on the detailed study of the geologic and geomorphological structure of the coast. Upon studying the areas
close to the muths of the river valleys in the Dagestan Azérbaijan coastal areas of the Caspian, and upon
estalishing the absolute levels of the basal horizons of the ingressive New Caspian terraces, whichaaclude m
rine and alluvial saédhents, we came to the unpopular conclusion in the 1970s that the Caspian Sea level, which
at the moment was at the level-29 m, was not going to go down any more and was mogly li& 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 hnsenajdrity of si-
dies the forecast was for almost linear or even acceleratiigssaise reaching25 or even22,-21 mon
the absolute scale for the beginning of the XXI century. The paleogeomorphological method in this case
also allows a definite@nt of view. Based on our data on hypsometry and structure of the ingressive te
races in the mouth areas of the rivers falling into the Caspian, togethaaghtometric levelling of the
New Caspian marine terraces and the data on the absolute getmyypon@ came to the conclusion, that
within the last 2,2,5 ka, that is from the beginning of the Subatlantic chronozone of the Holocene, the
Caspian Sea level was never higher tf#Bm on the alwfute scale. It is welknown that at about 2,5 ka
therewas a transition from Subboreal to Subatlantic chronozones. Since then the formation of the modern
natural environment for the territory of the Caspian basin started, argpmndingly also of the modern
or similar to modern water balance propertiesictviallows 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 exé&®ch on the absolute scale, and conside
ing economic activityand peculiarities of the coastal relief it is not likely #we&ed-26 m on the absolute
scale. This forecast is being confirmed: since reaching the lev26@ m in 1995, the Caspian Sea level
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has dropped by 0,55 m, although there were minor osgilgtand by the beginning of 2010 it is at the
absolute level of27,21 m.

2. In the climatic conditions typical for the Subatlantic time interval of the Holocene, the Caspian Sea
level oscillations betweer80 and-25 m on the absolute scale represenbamal 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 &f oscil
tion (of coursewind-induced sedevel changes in the shallewater areas must be considered also). The
reason for loss of resources for the national economy is not tHevetaise, which started in 1978, but
thoughtless developing of the coastal zone exposed aftse#thevel drop after 1929, that is the area b
low 126 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 deael was more than 1 m highéran 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 egologic ¢
tastrophe. During these high level stands neither of the citigklfiachkalaDerbent, thevillage of Kas-
piyskii (forme Lagand) , nor other settlements |l ocated at
tively affected. Along the Caspian coast there were tens of fisheries, and more than 0,5 million tons of
commercially valuable fishes were caudtigher sedevelscompared to modern occurred in the XKIV
and in the XVII centuries. Meanwhildstrakhan for exaple is known since the middle XIlI century and
in the XIlI-middle XIV centuries there was a capital for the Golden Hor8arai Batu.

This and many othesettlements on the Caspian coast did not suffer from the higbssastand, since
they were thoughtfully built on the el evaguled | oca:
tlessness of the Caspian i n t heodayeTous, tthe intensiceavashtofghe e nces
coast in the city of Kaspiysk is caused by timeeasonable construction of the port at its southern end, its
wharfs are blocking the southward alongshore movement of the alluvium.

The stairs and other construris, which changed the natural slope incline, also contribute to the wash
out. Intensive abrasion of thehmus of the Agrakhanskiy Peninsula is mainly caused by the fact that after
the manmade straightening of the riverbed of Sulak River in 1957 thisfgéie coast no longer received
marine alluvium. The Astrakhaiizlyar railroadis under the threat of wirchduced shallowvater sea
level rise, since it was built without allowing for the deeel rise. And there are more examples of anre
sonable ecarmic activity.

3. With average water balance parameters in the Caspian for the XX century: the riverirunoff
288km’/yr, visual evaporatioii 77,3 cm/yr (taking into consideration the geopimlogical structure of
the Caspian basin and coast), its-sel will tendtoreach2 7, 5 ( N1, 5 m)

4. The paleogeomorphological method does not give precise chronological reference points sf the Ca
pian Sea level stand, however, this is true for any other method. Though this method is basece-on the d
tailed analysis othe 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 thes@lan Sea lesi 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 Zhe
chuzhny Island, Nordovy Island, Chechen Island and Chistaya Banka Island) were formed comparatively
not so long agd the end of tha9" i the middle of the Zbc ent ur i es . ¢cThe i mport al
these soils is their "youth”, i.e. their age does not exceed 150 years that is limited by the age of the island
i t s edorftiév, 195F; Badyukova, etc., 1995; Gennadiev A.N., £698).

Tyuleny Island is located in the western part of the Northern Caspian, in hundred kilometers from the
coast of DaghestafN: 44 28 25, E: 47 28 59%. Tyuleny Island has the oblong form focused from the
north to the south. Its diameter iscait 5 km on the average. The northern part of the island is a little bit
raised and there is a rhmlaped shelly sand bar on its relief which consists of two sickle curved baks of 3
m in height. From the north the bar is bordered with sickle curvegsidDownturn 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. toghst from the codsie. 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 ge of the land depends on the level of water in the sea. In turn, the water level varids accor
ing to the directiomnd 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 dyugny Island fom June, e 5th
till June, the 20th, 2009 arat Nordovy Islandin 201Q 12 persons participatdd the expedition among
which there were experts on botaagology, soil and ecologylhe primary goal of the expeditions has
been devotedo biodiversity study and genorphologic and soifjleochemical researches. Tlesaarches
covered all typical areas of the islands. While collecting the material they used modern traditlenal tec
niques (manual gathering, mowing, light traps and digging traps). They also laid saihdetsthe sta
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 emphasie-in the r
sear ches was masavith the mtenBifecatinefrth@ Bght saurdejmging traps operated for
14 days (all day and night long) and were changed every 3@@§8 ar ber 6 s t mthepsnterwer e S ¢
and in the tip of the islanduring the expedition 13678 apes of varios invertebrates were collected
with the help of Barberds traps (Table 1).
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Table 1
The quantitative analysis of some insects
Regular Groups Bar ber6s Bar ber 6s t rificptionw
of the light source

Mants 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

Lepidoptea 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 eaered out including e

turnal and crepuscular insects. For these studies they used a model of the light trap proposed by Abdura

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. Underdeviped 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 afftiot 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 reéses] a

6. Underdeveloped hydromorphic sandy salgoils formed during strong flooding near lagoons on
sloping areas or small downturn.

Due to the fact that automorphic soils develop under arid climate-(is®it), on a poor sandy substr
tum and accordingly under the poor vegetation growing on trarisglasands humus content in them is
extremely small and the humus horizon is onfyZ.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 lam®itgrof 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 Isthrevealed 148 species of higher plants. In structuregeftation 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 afigg® the IrarTuranian and Mediteanean floristic
region Besides there are families that are specific to the Central Asian deserts. They are: Tamaricaeeae, Frank
niceae, Elaeagnaceae, Apiaceae, Boraginaceae and #yiemisia, Salsola, Suaeda. Aetsame time a mut
ber of desert sorts that are typical of the Central Asian deserts in general is absent (Haloxylon, Acantolimon,
Ammodendron, Krasheninnikovia, Cousinia). Such families as Relagerae, Cyperaceae, Caryophyllaceae
make related the floref the Caspian region withreas 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, inawnditexcessive msi
ture the group of water and shoreline aquatic plants from the Ceratophyllaceae, Hydroharitaceae, Lemn
ceae, Najadaceae and Typhaceae families is widespread. Many types of Chenopodiacea family are adapted
to the terms of the excessisalinity.

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 structplexdy
of the communities themises. 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 soutast winds. Sometimes the dominant afnplcommunities 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 itsvastttoast) are
similar to ones descrdnl above. Since the western part of the island is the most elevated zonal tyges of v
getation communities typical of the eastern coast of tispi@a Sea are widely spread there. In general
they can be called serdesert type of vegetation.

The vegetatiorf the desert part grows on the sands and consists of the groups of halophytes: Halocnemum
strobilaum, Kalidium foliatum, Halostachys caspica, Solicorniepsa, Suaeda confuse, Frankenia hirsute etc.

Sagebrush communities that occupy abolit8?%6 of thewestern territory of the island are the most
common semi desert in this part of the island. Sagebrush groups grow on thsatioe, slightly saline
and saline sands. Sagebrush communities are presented by a &t ofupure sagebrush groups that ar
adapted to the different habitat conditions (with deegted groundwater), mixed groups such as Birioc
loa, Stipa, Koeleria and other cereals and saltwort on saline areas.

Sagebrush halophytic, sihrub and mineshrub and senii desert groups are wedpread in the ce
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 specietenfigia and sulshrubs 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 spidersof Tyuleny Island inludes 74 species belonging to 49 types and 16 familiese-8 sp
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, Liocrdemtodrassus,
Mendoza and 23 speciésSimitidion 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 etptmen, 2003, Devade tenella (Tystshenko, 1966%ranoeca spas
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kyi Ponomarev, 2007, Cheiracanthium seidlitzi L.Koch, 1864, Clubiona juvenis Simon, 18j#oSa

cumensis Ponomarjov, 1981, Haplodrassus minor (O.Picandbridge, 1879), Leptodrassus meialis

Spassky, 1940, Trachyzelotes cumensis (Ponomarjov, 1979), Zelotes segrex (Simon, 1878), Philodromus
glaucinus Simon, 1870, Tibellus utotchkini Ponomarev, 2008, Ozyptila simplex (O.Rcaandridge,

1862), mysticus mongol icanastsinii i ia Gakestrinj, Pale%i61868),i9ite n d 0 z a
cus ammophilus (Thorell, 1875), Yllenus albocinctus (Kronederg, 1875), Yllenus caspius Ponomarjov,
1978.

18 species of scarab (Coleoptera, Scarabocidae) were identified in the area of researaigtielddgi
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, Glavesifa, Onthophagus furcatus, Pentoclon bidens, Pentoclon idimta, P
lyphylla alba, Scarabaeus typhon @ispecies of tenebrionida¢Coleoptera, Tenebrionidae) betmmg
to 17 families of Anemia dentyres, Belopus crassipes, Blaps lethifera, Blaps pevcofticus guisqu
lius, Cripticus zuberi, Gonocephalum granulatum pussilum, Gonocephalum rusticum, Leicherwum pi
Melanimon tibialis, Nlassus faldermanni, Omophlus pilicollis, Opatrum sabulicolum, Oryctesrnisico
Oxytherea cinctella, Penthicudatitans, Phtora quatricollis, Pimelia capito, Scleropatroides hirtulum; Scl
ropatroides seidlitzi, Tenebria obscurus, Tentiria nomas). It should be noted that one of Turkmen subsp
ciesi Pentoclon bidens discovered on the island may be endemic of thasts

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 subspeciesasand prob
bly represents relict island populationgp8ration 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 (byfenyyd i , 1985, modi fi ed)
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 te 40 fam
lies and 15 species of which occur in a Brgpecimen (Drasteria picta (Christoph, 1882), Macdunnoughia
confuse (Stephens, 1950), Phyllophila obliterate (Rambur, 1833), Tyta luctuosa ([Denis&Schiff] 1775),
Cucullia tanaceti ([ Deni s&Schi ff] 1775amateme-l i cover
er , 1838) , Chilodes maritime (Tausscher, 1806) , P h
(Treitschke, 1825), Leucania L. zeae (Duponchel, 1827), Agrotis desertorum Boisduval 1840, Rhyacia s
mulans (Hufnagel, 1766), Chersotisreciqau |l a ([ Deni s&Schi f f] 1775) , Noct
|l arge quantities by the number of specimen the fo
[1790]), Drasteria flexuosa (Menetries, 1848), Grammodes stolida (Fabricius, 1775);afabtogiamma
(Linnaeus, 1758), Schinia scutosa ([Denis&Schiff] 1775), Caradrina albina (Eversmann, 1848), Discestra
trifolii (Tausscher, 1809), Discestra stigmosa (Christoph, 1887), Mythimna pallens (Linnaeus, 1y58), M
thimna vitellinacand'anebsol[elt8a0 8(] H", b nLeeruagel[1I68)0 3] ) , \
Noctua pronuba (Linnaeus, 1758).
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Thus the material on the biological diversity of these islands and the availability of autochth@aous el
ments on them as well as a large number of not fopadies 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 thousansliyeacharacteristic to free considerable
changes of its level (in some tens metros). The reason is clear, this is the climate change. Howeier, the un
ty of opinions concerning changes and the sea level, and a climate while is not present. Accdndnegly, t
are also no uniform representations concerningastsn of these representations.

CLIMATE CHANGE

The late 10 thousand years allocate 5 periods (dating from [Hotinsky, 1989] in thousand yeacs) : Preb
real (10,39,3), Boreal (9,38,0), Atlantic 8,0-4,6), Subboreal (4;8,5) and Subatlantic (28). To these
five periods often limited the Holocene. But the boundary of 10,3 thousand years is expressed npt so shar
ly. Therefore it begin and with earlier bownigs. We true V.K.Gudelis [1961] opiniavho offered as such

boundary of 16 thousand years ago, when wap starte
ment climatic and geographical conditions ®Bn the E

ing (with 23 to 17 thousangears 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 pratigait (on midmountain belt). For comparison it is
cited the data and on two epoch proceeding to them.

1. 2317 thousand years ago. Conditions were very severe and dry. Borders of mountain belts pass
whether on 1500 m more low, than now, and on plainsrtesand semileserts dominated. Miannual
temperatures fellt@ UC, J oA B&ICYit dubyu .

2. 169.3 thousand years ago. It was characterized gradual, with breaks (during the periods Drias), but
steady (during the pPdrlieocdddofanla Prieb,orkREmeé )U-ii mg,r ea
midity [Velichko, 1991]. Forests occupy almost all mduntain and a lot of part lewountain and fo-
thills. The area of arid light forests extends.

3. 9.38.0 thousand years ago (the Boreal periteda climatic optimum of the Holocene. Temperatures
and humidity have reached maximum in Holocene values-avidial tempetures have risen to-84 U ,

Januaryi to-5-8 UC, JulgPu.t 0604 mm of the atmospheric prec
thawing of the late concerns the end of this period in Europe the Scandinavian glacial cover also.
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4. 84.6 thousand years ago (The Atlantic peridt)s considered to be it climatic optimum of the-H
locene. Actually it is characterized by simultaneous fall, both temperatures, and dropping ougfioecipit
Average annual temperatures have decreasedt®4 ,uandt@8l 1 UC, J-L4 Y u hAncsandudt
of precipitation to 20250 mm a year. Reduction of a share of tree species testifies to it ileast all
cuts, and in groups wood and grassgduction rather warm and hygrophilous kinds. In the end ofdéhe p
riod warming which conceded bmreal warming is marked.

5. 4.62.5 thousand years ago (the Subboreal period). New increase disteonpetand precipitation is
marked. Average annual temperatures have riseflt@8) on JarbEd€Cy adByet o AGai n
600 mm of the atmospheric precipitation dropped out in a yearti@edancrease in temperatures and-pr
cipitation has led to strong expansion of the area of forests.

6. Late 2.5 thousand years ago (The &laimtic period). Temperatures and an amount of precipitation
fluctuate in certain |imits. For average anhmual t e
andl11UC, for the July between 12 and dydldngeeflpr prec
there was a process of aridization as, in general, temperatures were rising, and precipitati@rseasnegd

CHANGES OF LEVEL OF CASPIAN SEA
In late 16 thousand years two epochs allocatédte Khvalyn and Novocaspian. Their dsjis can-
tained the same fauna of mod@itdacna.Them separate the friend from the friend on absence (in Upper

Khvalyn) and to presence (in Novocaspi@®rastroderma glacum Poir. (More lont . g | aBefore m)
it was namedCardium edule LThese epochs are considered to be transgressive, come after very-deep (to
4550 m) regressions (Leontbev et al., 1977). But t

and heights of their aangement [Arslanov et al., 1978, 1988; Badinova et al., 1976; Kuptsov, 1980; Par
nin et al., 1989] testify about rbbw many other history of Caspian Sea.

For Late Khvalyn transgressions are considered a:
16510N710 (on 230 Th/ 234U). But &siond yearbyc@ ufm e iwg ith. m
Lifting of level to this mark aboe#0-50 m height should late not less tha8 thousand years. From this it
follows that Late Khvalyn transgression has begwiZ3housand years ago, during time a maximum of
development of glaciers, also hagled with 1615 thousand years ago, when glaciers have started to thaw.
Besides all specified and other dating are more senior 12 thousand years ago are receiéthtnoan
delenda Bog. D. parallella Bog., D. protracta Eicand another Early Khvalyn didna. 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
11340N160 (14C)yz dznd (Th9aaHKB5-A3nThHeighy Haviogcaaddedsto ivttiet h
same 23 thousand years, we receive to start transgressid®d IBousand years ago, i.e. time of the begi
ning of warming and thawing of glaciers. Radio eoative dating of layers Lat€hvalyn transgressions
9560N60, 8500N100 and 7700N250 years ago, received
end with 10 thousand years ago, also kept on these marks to 8 thousand years ago. Then regression has b
gun. At an initial stagewvas very fast. Radi ocarbon dating 7840N
with -16 and18 m height show that in a current of all of Hhlbusand years,-8.5 thousand years ago,
level of Caspian Sea has fallen almost to 20 m.

Believe that during this geession named Mangyshlakskaya, during very short time (no more than 1
thousand years) level of Caspian Sea has fallen to 30-59nicheight, then the Novocaspian transgression
when level has risen on the same of 30 RRt@ m has b e gun,l1977]LBatpifnthe Spmcifiede t a |
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. Web el i ev e, what al l Aproofso of deep regressi
epochs, are actually left by the Enotayev regression which preceded the Late Khvalyn transgression. To it
testifies fAmangyshl akskay athe bdtt@euohGaspiarhSed on mdrls4fFd e posi t
53 m height. It is presented wBfdacna,as early D. subcatillus Andr., D. delenda Bogand late D. tri-
gonoides Pall., D. barbotdemarnyi Gr.) khvaliffatamonov, Maev, 1979]. This structure says thatcat a
cumulation of the given deposits occurred transformations Early Khvalyn fauna in Late Khvalyn fauna,
and, means, it were formedttveen Early and Late Khvalyn transgession during the Enotayev regression.
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After Late Khvalyn transgressions a regression oecirbut 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
(6350N110, 6100N80 and 5940N100 years agoitol evel ¢
21-22 m height. And then, according to the subsequetihgldevel of Caspian Sea fluctuated betw@én
and31 m with the general tendency to the lowing.

This tendency is well shown on layers in a cut Tesalphate in Dagestan. Here 5 layers are allocated
with C. glaucum[ Ry chagov, 1974, Leont 6ev, Chekal i na, 1980
maximum heights of the first lay@&r-20 m, the seconi -21, the third and the fourth-22-22,5 m and the
fifth i -23-24m. Radiocarbon data are available fot he second (5390N390 dz. dz )
dz. dz. ) | ayer s. hikav,d%¢€ d85aegrold ayaentG.|[RSchaydv has defined age of the
first layer about 8 thasand years ago. We was by 18&arold cycle have defined age and atlayers. It
for the first layer has appeareeéb8the second 6-4, the thirdi 4-2, the fourthi 2-0,2 and fifthi late 0,2
thousand years ago.

Thus, it is found out that. glaucumnto Caspian Sea has got 8 thousand years ago, when leved-of Ca
pian $a stood on a mark about 0 m. After as we have shown, regression has begun, and, meaas, all Nov
caspian epoch was a regression epoch, instead of transgression.

CONCLUSIONS

Comparison of the climate changes revealed by us and level of Caspian Sea slioats ateraction
between them. An epoch of late coldest phase of a freezirgj7(#3ousand years ago) was necessary on
deep Enotayev regression between Early and Late Khvalyn transgressions. When thawing of glacial covers
transgression has begun thed &thvalyn has begun. During it about 10 thousand years ago levekof Ca
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 SaapienManych passage
river surplus of the waters gave vent to Black sea. On this pagsagalso has got into Caspian Séa
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 steppé8 om
height. Then rates of falling have decreased, but theeteydof decrease in level remained. To 6 thousand
years go the average level of Caspian Sea has gone de@ntcheight. After level fluctuations in the big
limits are fixed. But the average level continued to fall, than heights of layers of a cutstiphiite tstify.

Late maximum of | evel of Caspian Sea is necessary
gl aci al ageo. Now there is a warming process, and
few metros. Will this mii-regress proceed some more decades? Up to the middle of diiyce
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RADIOCARBON AGE OF T HE LAST EPOCH OF THE MANYCH
PASSAGE EXISTENCE
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Keywords: Manych, molluscan assemblages, radiocarbon dating, Khvalynian transgression, Neoeuxinian basin

INTRODUCTION
The major paleogeographical events of the Rtadpian region during the end of Pleistocene and-Hol
cene are very disputabl e. One of them is the probl

existence. It is established duritige peak of the Khvalynian transgression Caspian waters flowed via the

Manych Strait into the Neoeuxinian basin (Svitoch, Yanina, 2001; Yanina, 2005; and other). Feunal co

position points to a oagiay migration of molluscs from the Caspian to the Black (Eedorov, 1978; &

pov, 1983; Svitoch, Yanina, 2001 and other). The age of Manych Strait function during Lovetyridv

epoch is estimated from 60 ka (Rychagov, 1995) to 30 ka (Popov, 1983) anti4dkaXSvitoch, Yanina,

1997), 1112 ka (peak of Khvghian 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 fdssi¢srend, on

this basis, to present a ¢ o nianli Bkdk &en canmediontduringh e A ak
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 historyafadiatating was ee
lized in the Laboratory of Quaternary paleogeography and geochronology of the Saint Petersburg Univers
ty. Calendar age meanings are found on the base of calibpatigramme "CalPal" (2006) of B.Weninger,
O.Joris, U.Danzeglocke fromolbgne University Wwww.calpal.dég
In the Manych Depression, the marine Lower Khvalynian sediments are bedded on the- Burtass
Gudil ovian | akebs deposits with deep er oaskiMo-n. They
nodacna caspia, Adacna vitrea, Hypanis plicatus, Dreissand brakisiDidacna protractaandD. ebe-
siniT index fossils for Lower Khvalynian deposits of thesflan Sea.
On the right coast of Vostochniy Manych river near the Chogray dam tlotusérof a terace is found.
Lower Khvalynian deposits contain dominatikigpanis plicatus numerousMonodacna caspiand rare
Didacna protracta Dreissena polymorphal4C date oHypanis plicatus hel | s is 11.-47N0. 18
5768), calendar age is 13® . 20 ka c al BP. T o -Tdiga in aneabrasion escarp r Vv i |
of the northern bank of the Chogray reservoir Lower Khvalynian deposits contain domiDatacna
ebersiniand Didacna protracta rare Monodacna caspijaDreissena polymorpha, Hgpis plicatusand
Adacna laeviusculaThe different index fossils were dated. 14C dateDafacna ebersinishells is
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end of Leviy Island (Manych Lake) Khvalynian deposits contain bivalve stigitiacna protractapre-
vails, D. ebersini, Monodacna caspandDreissena polymorphare rarely found and. subcdillus, Hy-
panis plicatusAdacna laeviuscula, Dreissena rostriforndistinctaare singular. 14C date Dfidacna po-
tractai s 10. 93N05%¥B90a RRl(elnWlar age is 12.75N0.
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Fig. 1. Plan of location of sections within the Manych Valle i¢Chogray Dam; B ZundaTolga, Ci Leviy Island, Di
ManychBalabino

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 Kiavatleposits of the
section include abundant fossil molluscs: brakish species (as Caspian origin and Black Sea one), slightly
brakish species, freshater species and eurihaline marine species. Most of them-deposited. Nunre
ous shells oMonodacna aspia, Adana laeviuscula, Avitrea, Dreissena polymorphand rareDidacna

ebersinl Ear 'y Khvalynian species only!) are fin situo
Pleistocene gleogeography of Moscow State University by O. Parufitdat e is 14. 3RO .68 ka
1491).*C date of shells composite (Khvalynian shells \@l#rastoderma glaucuis lots otleri 25 . 6 9 N3 . 0

ka BP -1489)Glthroves our conclusion on the mixing of shells from different basins in the th&atoco
nosis,andm fiyoungo age of the Khvalynian fauna.
DISCUSSION

Two subassemblages are distinguished within early Khvalynian assemblage. There represesitatives o
cur at different stratigraphical position. We have dated the shells from younger subassemblage, @orrespon

ing to establishment of fAbalanced profileo in the p
J 17112 NO0. 22 €0 It. The delicate early Khvalysaian sh:
pian region (Dagestan, Azerbaijan, Lower\Mlg Lower Ural) have analogic 14

1988). At the same time the late Khvalynian thick shells have the similar age. We obtainedl the sim 1 4
datai 12 . 65N0. 16 ¢O It, 5801)6odldeKhalyhiaBidacna patrigoBotlesfromU
Azerbaijan. According to expertise of Prof. Arslanov, the perfect preservation of shells, the dating of inside
part of shells, the commonality of calibratdd a ge ( t -hge) with&rhéUnddtes mprovide the reki
bility of late Khvaynian dates. They correspond'fa c hr onol o g iligdllered nt er v al Bel
The chronological data guesstte age of delicate early Khvalynian
generate by younger carbonates ingrained in shells by isotope exchangeafEhvo 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 shellas-The poll
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 ofDidacna praetrigonoidefrom lowerKhvalynian deposits (+20 m asl) of Mangyshlak peni

sula. The carbon dating of &®&8080p)fradtei dati 2 gldf

12.55N0.21 ¢€0O0 Jlt, the calibrated age is J1uian84NO .
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. Arslan.

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 BRt the close of early Khvalynian stage and the beginning of late
Khvalynian stage of Khvalynian epoch.
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The rapid rise ofthe Caspian Sea level in the period from 1978 until 1995 by almost 2.5 m ked to i
creased attention among researchers to the problem of the coast development under the transgression cond
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tions. One of the most studied parts of the Caspian Sea coasTigr#dliearea, which is located on th@D
gestan coast to the south of the town of Caspiysk and formed by the zone of intensive modentesgdime

accumulation.

Kaspiysk

cape Satun

1

1
1
|

[}

! .
.-20.6 : :
3@  ryrai 6 Pf

]

1

Tt
chanel 1 F-
Turali-sulfat |

Fig. 1.1-beach, 2agoon, 3bar, 4 erosion
escarp, Eliff, 6-dunes, 7longstoredriftin,
8-yellow sand,9- geologic pofile, 10-
georadar profile

scribed in detail in the literaturg,[6].

The coastal territory before the recent rising of the Caspian
sealevel included the genation of beachridges adjacent to each
other. The beginning of its formation is connected with #e r
gression after the Gapian sedevel peak, which reached the mark

of-25. 8 m in

1929.

As a whol e,

and weakly inclined towardhe Caspian Sea coast. Near Turali 7,
this occupied approximately onéddmeter during the lowest sea
level. The terrace is composed of relatively coaysened ra-
terial that is why the eolian forms on this surface, except for the
low dunes near some seata 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 samult
neous movement inland. At the early stages of the Caspian sea
level rise, the codline retreated with aate 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
reached26.5 m and then it fell up to 40 cm. This led to the fo
mation of the regressive beadtge joined to the initial one; that
is, there was formed a baonsisting of a series of beadtges.
The bar is composed mainly of adle and coarsgrained sand
with detritus, shells, and rare pebbles.

The modern accumulation surface joins to the terracatdol
on the higher hypsometric marks and formed earlier during the
Novocaspian time. In this area, the terrace represents the-bar s
parated Lake Big Turali from the Caspian Sea. Along thest
whole length of this terrace from the sea side, the cleaaly-

fested erosion scarp is located with a slope of up td B A

height of 23 m (Fig. I).

and

It is considered that the eolian forms in the Turali area were

formed duri

ng

the regressive

the widespread opinion about the fact that the eolianepsois

strengthened during the sea level fall.

lowbeachr i dges i s

In this case, a sdries
f or me d -g@ainechpandy e d

material in comparison with the transgression stage. However,
this does not bring, as we consider, to the formation of lavge e
lian forms [2]. The regularities of the development of the @oli
forms on the seacoast are correctly discussed taking intadeceitson the character of the natural coastal
processes. The basic element of the eolian relief in the coastal zone is an avandune, whose forgation is d

The sea retreat leads, in turn, to the beach retreat, and in the back begcmereppears, as it it a

ways associated with this place. Therefor&en the condition of the continuous sea regression, series of

avandunes parallel and stretchirgthe coast is ewecutively formed. As a result, the sandy material is
practically not tragported inland, since it is intercepted by the sequential newly formed eolian form. The
absence of a large volume of sandy material and also tkenppof the gilound water, which prevents the
formation of deep blovouts do not contribute to the fomtion of large dunes.

We have carried out the granulometric analysis of the eolian sand sampled bothuratherda and in
some other regions of the Dagestan @dgdtin. The resulted triangularagram shows the high degree of
the eolian sorting of the material (Fig. 2) since one fraction (0.350r 0.10.25) dominates in all the

samples.
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0 oo At the present time, there are no large
' eolian forms on the bar. All ¢hlarge dunes
associated with the Novocaspian terrace
surface. It is true that, at the present time,
075 the sand has been practically mined fan-co
AL struction needs. At the beginning of thé"20
<0.25 mm L 0.5-0.25 mm century, the eolian formscoupied much
050 /- larger areas. As an exaraplto the noh-
0.50 west from Cape Satun, dunes with a height
of up to 12 m were earliendated. They
gradually lowered and disappeared near
Turali 6.
Thus, all the eolian forms described
above are located not on the modern regre
sive terrace but on the highBlovocaspian
o terrace. On its edge, a wide bar was formed
during one of theoynale
caspian transgression, approximatelyd 2n
Fig. 2 above the surface locateéhind it (Fig 1).
Lately, the bar was partly eroded over the
whole length from the sea@le. Behind the bar, the low dunes extended to the inland along the dominant
wind direction. It is inportant 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 theenaf 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
constdered are not modern. They are more ancient than bar and the contenggessive terrace as well.
The bar is followed by the surface that previously was the lagoon bottom. According to the g@emorph
logic situation and the geologic data available, #gobn was very extensive and it was formed at a sea
level of approximately24 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). Thisisagoon
also clearly distinguished in the georadar proyl es
complex (Figs. 3a, b). Consequently, this eXtensiv
probable during the scalled Ulluchaeskaya transgressioi8] on the surface of the regressive terrace
composed of the yellow sand with the top28 m. For a long time, sand was located under subaerial co
ditions, so the well reworked soil is on its roof in all pits.
In the lagoon loams therare a lot of smalCerastoderma glaucunThe 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
sealevel fall. Later on, the dunes were moved on the surface ofaifnger 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 incthe territ
ry of the Turali polygon, actually everywhere it @niies the younger and more coagsained 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 theédgamlo$ the
barrier complex formation, the cdbise was stretched approximately from the northwest to the southeast
towards Cape Burun. Thi s i-ddges onrthe Naouecaspidnyerraceh@radl oc at i
ally tuming out, they incline towais a cliff in the seaside of the bar.
Consequently, during each seee v e | puctuati on, the possibée turn
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

0.50 0.75 1.00
> 0.5 mm

2 The radiocarbon age (AMS) was determined by Kh.V. Vonkhov in the laboratory of the Free University of Amsterdam in
the Netherlands.
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the ancient alluvium of the Manas River represented by gnasteble material began. This coargained
material was transported to the mwvest dueto longshore drifting, where, at the sequentiatissal rise,

the thick transgressive pebble beaitlyes started to form. They overlaided the more ancient yellow well
sorted sand of the former barrier complex. This complex was here during all the ndéoboue Lake Big
Turali from the very beginning was the lagoon, but not the open sea (Fig. 4).

Fig. 3a b Georadar profiles

lake Big Turali

H

[RERERN
IREERR]
IRERERE

&
2
o

-8.0 el
S5 sarmatian limestone

92.00
——_—_ Sarmatian clay

440,00

7 Holocene yellow sand |1+ "%+ "t Holocene
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Fig. 4. Geologic profiles across the lagoon (Lake Big Turali) and barrier complex

Then there was the deep Derls#mlya regression with a maximum at 1300 yr. BP. Théeseafell 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. BR&im [7]. Thus, thé e v e | | owered signiy
the Derbentskaya regression, which could have lead to a change of the relation between the inclines of the
coastal plain and the nshore 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 sl ope as -geomorgholagisstructora.y r med by t he str
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The Derbentskaya regression was followed by thedesea rise and erosion in the Turali area. The r
gressive terrace composed mainly of yellow sand and thin lagoon loams was eroded. A large amount of
eolian materi al from the beach c¢ ou-dgrdinehfestiens &decen tr
predominat.

The largest dunes were formed on the Novocaspian terrace near Caspiysk. At the sea level ose, the er
sion scarp retreated further to the west and occu|
where this buried scarp is clearly visibfubsequently, the erosion process was changed into ageumul
tion, and the scarp was completely overlaid by the sediments. Just after, the bar was formed, aich sep
rated from the ea the dune massif near Turali 5 and Turali 4 (Fig. 3a,b).

CONCLUSION
1. Theseal e v el puctuations played the dominant rol e i
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 widwlgdeaches and agloon, 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 levékriskeaDerbentskaya regre
sion. They are signiycantly younger than tlhe ancie
caspian terrace formed at about 300 yr. cal. BP as a result of the sea level risktup.to

REFERENCES

1. E. N. Badyukova, A. N. Varushchenko, &&d D. S opuemce @feSesevellOscillations on the Evolution of
the Coastal Zone / Vestn. Mosk. Univ. 1996. Ser. 5, No. 6,i8BBn Russian].

2. E. N. Badyukova and G. D. Sol ovbéeva Topoaona/pyéstp. of Coac
Mosk. Univ. 1997. Ser. 5, No. 5, pifb [in Russian].

3. S. I. Varushchenko, A. N. Varushchenko, and R. K. Klige, Changes in the Caspian Sea Regime in Drainless Water
Bodies in Paleotime. Moscow, Nauka, 1987 [in Russian].

4. G. I. Rychage Pleistocene History of the Caspian Sea /Mosk. Gos. Univ., Moscow, 1997 [in Russian].

5. N. A. Sokolov Dunes: Their Formation, Evolution, and Internal Structure (St. Petersburg, 188&i@amRu

6 . V. G. Ul 6dst On t he Co nlationsBvatution onRhe tSeadeCoasts Tr.o0Okeandgr.dkbmi. a n A cC ¢
1959. V.4, p. 91100 [in Russian].

7. S. B. Kroonenberg, G. M. Abdurakhmanov, E. N. Badyukova, et al.-Botaed 2600 BP and Little Ice Age
Highstands of the Caspian Sea / Quaternary Interna@@al. V.173174, p. 137143.
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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 ihd 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 i
vestigators (including P.V. Fedorov, O.K. Leontyev, G.I. Rychagov, S.I. and A.N. Varushchenk&v#ogh
and others) have identified repeated fluctuations of Caspian Sea level and established their ranges and
chronology. Thus, S.I. Varushchenko et al. (198igtinguished at least 7 transgressive stages (with sea
level rising above the preseddy level) between 8000 yr BP and the beginning of nineteenthrge
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Despite continuous efforts of palynologists (see works published in the 1970s & 1980s by Abtiana
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 revealechjditgde adt
matic fluctuations and changes of vegetatichich could be considered as congruent with repeated Ca
pian level changes as reconstructed by various methods (geomorphological, malacological, azaheolog
etc.). Only three stages have been recognized and characterized in the climate and veggtatmmdu-
ing the Holocene (Abramova, 1980), who ascertained that:

T semidesert and desert environments prevailed in the coastalQ¥spian regions during the ka
gyshlak regression;

T semidesert and steppe vegetation, locally with some forest cmities, was dominant at the New
Caspian transgression maximum (in the Atlantic period);

i somewhat cooler and wetter climate was recorded at the end of Subatlantic periot! ¢thetar).

When studying the Northern Caspian area, it was difficultacetipast climate and vegidn 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 thorouglidyl gtalynologically.

To fill in the blanls in information, we turned to sections within the destppe zone, though situated
in anotherregioit he so called APear.| o f -Akhtaba floddplhigandthe | t
Volga delta.

In this paper we present reconstructions of laapgeand climatic changes in the Lower Volga area du
ing the Holocene as obtained from palynological records ‘&hdating of squences in the Volgakhtuba
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 N&aspian egion, that is, the Volga
Akhtuba floodplain. At this locality, the floodplain vegetatiaciieely responds to climatic changes and
related sea level fluctuations.

At present the Northern Caspian Sea region includes-gésgpe and desert belts. Sagdigrass assemiga
es prevail in the desesteppe. Automorphous (zonal) landscapes of the-Ggspian desert are dominated by va
ious dwarf shrub forms of sagebrugtitémisiagen.). Among shrubs growing on dune sands there are naostly t
marisk Tamarix ranosissimaandCalligonum aphyllunof the Polygonaceae family. The coastal zone is démina
ed by saltworts (Chenopodiaceae), and the shoreline is fringed with dense stands of Reeedfeites.

The VolgaAkhtuba floodplain is now covered with rich herteadow communities as well as derise r
verine forests. The latter, along with various willow spec&slix spp.), include poplarRopulus nigra,
P.albg, maple Acer negundpand aspenRopulus tremuly there are also oalQ{ercus robuy, ash
(Fraxinus exelsion), elm Ulmus laevis, U. carpindia), birch Betula pendula, B. pubescérand black
alder @Inus glutinosa Thickets in the Volga delta are dominated by willow.

The studied sections are situated near Solenoye Zaimishche village, 5 km soudrnyf Cdr in the
Astrakhan Region, (484 N, 46 10; E), about 1920 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 foollen analysis (50 samples taken at 10 cm intervals) and radiocarbon dating (5
samples). The pahological results confirmed bY/C dates (urcalibrated) enabled a detailed subdivision
of the sequence and proved that lacustrine clays had been accugrthliattirghout the Holocene.

Section 2 is a scarp (c:®/m above the water edge) with fluvial sediments of the high floodpkain e
posed. Representative data have been obtained from the upper 3 nmxpiodedesequence. On the base of
pollen assemblages,iitay be correlated to the late Subbdradantic periods of the Holocene. Pollen spe
tra of the floodplain sediments made it possible to specify zonal belonging of the reconstructtioveget

The palynological data formed the basis for a detailed gtagihic subdivision of the studied sequence,
and 26 phases in vegetation and climate evolution have been distinguished.

Two models of transgressivegressive regimes of the Caspian Sea during the Holocene wete deve
oped, based on the interpreted climatia vegetation successions. Thedele have been correlated with
schemes of Caspian Sea level fluctuations developed usimusgralaeogeographic methods (fig. 1).
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Palaeoclimatic and palaeoenvironmental changes in the Caspian Region

SUMMARY OF HOLOCENE CLIMATIC AND VEGETAT ION EVENTS

Preboreal period (10068200 BP)

On the basis of climatistratigraphic schemes, positiin the sequence afC dat e of - 9560 N6 ¢
calibrated) obtained for a sample taken at a depth of-3l(¥3n, the sediments of thé' palynozone
(formed under a cool continental and relatively wet feségppe émate) were attributed to the secondf ha
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(92068000 BR

The early Breal was marked by increasing climate continentality (cooling and drying), which led tora. domi
ance of steppe with scattered open forest stands of spruce and pine. The palynofloral composition, recenstructed v
getation, and radiocarbon dateé8o6 0 0 N &anfpl@ frqms4.54.75 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 Bgueaice. We attribute
the midBoreal phase, which shows a considerable climate warming @ivywe 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 endtleé Subboreal period. Using interpolation, this initial level is dat®@8068300 yr BP. It
seems likely that the previous (Mangyshlak?) regression was of somewhat shorter duration than pieviously a
sumed and that the Caspian Sea level was at its loetesten approximate8200 and 8500 yr BP.

A short fAcold spell d recorded at the end ofi Boreal
8000 BP). At that time dark conifers completely disappeared from the region, while cak and elrwetaralso
noticeably reduced.

Atlantic period(8003:5000 BR

Three phases in the vegetation and climate evolution may be distinguished within the early Atlantic interval.
The earlier phase has much in common with theBoigtal warm phase, and suggehtst a longer period of
warmer and wetter climate occurred between approximately 8500 and74600yr BP, which was interrupted
by a short cooling in late Boreal. This stage esponds to the first transgressive stage of the New Caspian basin
(accordingo 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 |
wering n early Atlantic, at about 7688100 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 it the Vo
gaAkhtuba forestsn 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 Gosgsan tran
gressive stage of the New Caspian basin (according to S.I. Varukbckeal., and Svitoch) with 14C
dates of6 1 0 0 $9800and 5390 yr BP. A shéited increase in climate continentality wasarded by pollen
analysis within this interval at about 5500 yr BP.

Subboreal perio@50002500 BR

Development of the earlyuBboreal environments (50200 yr BP) was influenced by progressive
cooling. At the Atlantic/Subboreal boundary the onset of cooling coincided with atshmararidization
(approximately within an interval of 5000 to 4800 yr BP) which initiated the mgessive 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 palynobag results, therefore, provide support for conclusions
of S.I. Vaushchenko et al. on the sea level dropping3@m most probably within the 5000 to 4400 yr
interval.

During an initial phase of mi@ubboreal warming (4200 to 3500 yr BP) the vegetation evolved under a
warm and wet climate, relating to th& Blolocene opmum identified in the North Caspian region. This
was somewhat cooler and of shorter duration than the main, late Atlantic, optimum. Calculationgand inte
polation place the peak of the rBiibboreal warming at about 398800 yr BP (slightly older than was
in the northern regions). It corresponds to a transgressive stage identified by S.l. Varushchenko between
42004000 yr BP. The superiod ended with an episode of climatic drying at about 381D yr BP
which may be correlated with an aridity phaséhe 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
foreststeppe returning to the Lower Volgagion. This phase of humidity wasrejronous 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 272800 yr BP with Alexanderbay regressive stage

Subatlantic period (2500 yr BPpresent day)

Throughout the last 2500 years the climate in North Caspian region was generally cooler andhmore co
tinental than during the Atlantic and Subboreal periods.

The early Subatlantic (25€2000 yr BP) is noted foclimate and environment instability: a shtatm
cooling and wetting in the initial phase turned to an increase in the climateesdatity and cooling at
about 2400 yr BP. The process reached its peak at about 2200 yr BP, when broadleaved &mestsatis
almost completely from the Lower Volga valley.

During the midSubatlantic time (2000 to 1100 yr BP) the climate became milder, and three phases can
be distinguished. A warming in the initial phase (dated as- yr BP) may be correlated withl u-
chai transgressive stage of the Caspian Sea (with
S.l1.Varushchenko et al.). The subsequent cooling and aridization at €12680GQr BP corresponds to the
first phase of the Derbent regressiBenewed \w@rming and increased humidity are recorded in the interval
13001100 yr BP.

The initial, drysteppe phase of the late Subatlantic stage featured climatic cooling and drying at about
1100900 yr BP. At its maximum, the environments showed absoluténdmreof semidesert and desert
plant assemblages, while the Volgahtuba floodplain forests gippeared almost completely. Pollen data
indicate that the Derbent regressive stage of the New Caspian basin was interrupted by a sea level rise at
about 13001100 y BP; the lavest sea level presumably occurred between ¢.7800yr BP.

In the most recent sediments, subsequent e&o0 a ra
mained within the area of semésert, not unlike those of the present day inrégsn. Some cooling and
wetting was recorded within the interval 4200 yr BP. Most of the sulecent pollen spectra in the Volga
Akhtuba region (studied for the purpose of interpreting the Holocene pollen assemblages) indicate that
thermal conditionswarming) of the last cgury 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 ebdraye been established at the
Lower Volga during the Holocene. They may be considered as indicators of the intensity and timirg of tran
gressive and regressive Caspian Sea level fluctuations controlled by climate, and also assaatlgraphic
framework for comparison with pghological 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; typica
ly marked by peaks in heat and moisture supply.

a) The main optimum dated to thate Atlantic interval(61007 5000 BP) was a time of foresteppe
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 horabef@ Or pi nus b et u)l ariental b&édch cauc a
(Fagus orientali}, various species of elnd[mus laevis, U. foliacdalime i | i a ), dich ashchathar
trees as well as conifer stands.

b) Thelate Boreal(8500-8300 BP) andnid-Subboreal(42007 3700 BP) optima were also dominated
by foreststeppe 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 consigerably lo
er. Total broadleaf pollen does not exceed2326, with noticeably lesser proportions of warm (andsmoi
ture) loving plants.

The three stages described could most certainly correspond to transgressive stands of the Caspian basin.

2) Transgressive Caspian reginas also indicated by phases and-pbbses of a cool and relatively
wet climate. The first is a foresteppe phase recorded in the intervaDQQ 9200 yr BP. At that time, fe
est stands dominated by spruce and fir occurred in North Caspian regiomdlongen pine forests.

Another subphase of cooler and wetter climate, similar to the above in termsreatid and vegetation
characteristics, though of shorter duration, has been established on the basis of pollen data at the beginning
of Subatlantigeriod of the Holocene, in the interval 252800 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 heatdamoisture supply occur in the early Satgal 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 adibcarbon dates obtained ftie Solenoye
Zaimishche section place it within the 928800 yr interval. The " minimum is correlatable with De
bent regression (150800 BP).

Pollen data indicate that the Derbent regressive stage of the New Caspian basiermgdad by a sea
level rise at about 1300100 yr BP; the lowest sea level presumalgiyuored between c. 96000 yr BP.

b) Within the interval 85001500 yr BP there has been one phase of sudden warming and aridization
(about 27002500 yr BP) and five phases of drastic caglamd aridization identified; the latter are apgro
imately dated as 8368000, 76007400, 50084800, 37063500 & 23062100 yr BP and might caspond
to shortterm, though significant, lowerings of Caspian Sea level.

The most important of them occurredoab 7600 7400 and 370500 yr BP. All the cool and dry
phases were marked by dry steppe and-slasert dominance in the region, with xerophytic assemblages
of Chenopodiaceae ardtemisiaoccurring frequently.
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OBSERVATIONS OF TERRACING AND STRANDLINE SIN
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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, temperatued), iraithle catchment
areas of the rivers feeding the basin (principally the Volga), and evaporation from the surface ofAbe sea.
an endorheic basin (i.e., having no outflow), and evaporation estimated to be just less than a meter per year,
sea level wil either rise or fall depending on climate and rainfalirrently, sea level is aroufi@8 m reh-
tive to mean sea level. In the present era, fluctuations are only on the order of a few meters, angt while si
nificant to those living near the sea, they ailatively minor compared to the dramatic regressions @nd i
undations (transgressions) associated with the Ice Ages (Mamedov, 1997)

During ice ages, the sea greatly shrinks due to a cooler, drier clistdbe2 end of an ice age, mekliw
ter inundates theanthern watershed areas to drain via river systems into Wigihg basins of the Aral,
Caspian, and Black Seas. In addition, ice cap melting from the Himalayas and Hindu Kush adds-to the i
flow. Significantly, it is further recognized that Arctic Oceaa fronts advanced onto mainland Russia and
blocked the norttilowing rivers (Yenissei, Ob, Pechora, Dvina, and others) that supply most of the fres
water to the Arctic Ocean (Baker, 20@rosswald, 1998Vangerud et al., 2001 and 2Q@Rudoy, 1998)
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In consequence, large idlammed 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 mlagmge in the water balance on the continest, d
creased freshwater supply to the Arctic Ocean, acidased freshwater flow to the Aral, Caspian, Black,
and Baltic seaslhe legacy of thesalindations has left marks on the soft Azerbaijan landscapebotie
and below sea level in the form of terraces and strandilieesomplicate 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 undayod situation, and a detailed chronology of iratiot 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 simitiies between Azerbaijan and the Caucasus to the Mediterranean region and, in
particular, predynastic EQyptEx a mpl es i ncl ude the presence of O6car
near Baku, similar to those of the Mediterraneanmtries, especially Miéa; petroglyphs of mukbared
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 withintie EgyptiarBook of the Deatb the Caucasus and concluded (contentiously) thap-Egy
tians owed some of their ancestry to the Caucasus region. These and other similaritideeasedin a
separate paper. What seems evident, however, is that culturactions may well have come about as a
result of maritimetransportation in a flooded landscape. (Petrie., 1926) The possibility of firm cultaral co
nections has encouraged investigation of the Azeri countryside for evidence of inundationg 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 obtainedcmbiadi
dating of a prominent 100m elevation mud volzamarine terrace. Results will be available ugést 2010.

This paper presents observations on the wettdhed landscape of Azerbaijan and considers possible
circumstances that led to strandlines and terracing at greater than 200 rariswedwater n excess of 115
m above mean sea levElvidence points towards prolonged Baian glacial meltwater and diverted river
drainage, and the possibility of oceanic ingress from the Barents Sea. Some archaeological evigence is pr
sented that alludes to wideanitime connections between the Mediterranean amtr&e\sia.
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OBSERVATIONS ON LANDSCAPE IMAGERY AND THE
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Azerbaijan and the Caucasus played a majl& iro prehistory, at the dawn of civilization when the
landscape was very different from tod®ue 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 Kugisioethe
Late Pleistocene), the landscape was deluged. This allowed the Caspian Sea to connect to the Black Sea at
the Manych Lake system via the Kukbanych corridor(Baker.,2007)(Grosswald., 1998), (Mgerud et
al., 2001 and 2004), (Rloy.,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 &arly H
locene, possibly as late as 6000 years ago. The waterway also served topielapeoss the Caucasus.
Observations of rock carvings found at Gobustan are of special interest for they indicate eairly inhab
tants used large oared vessels that could have been used in long distance transportation betwseen the Ca
pian $a and into the Méiterranean Sedock art images of boats and people from Gobustan show strong
similarities to i mager yiloodinciped aedcharmdlsiindbedocky(jidgs. o6 Car
used in megalith transportation) are typically found in coastahtcies around the Mediterraneamgluding
Malta. 6Cart rutsd are obviously the prrmifhmct of a 1
A number of archaeological discoveries have been made to indicate that the people had an aimistic b
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. Sim
lar features are also to be found in Western ABekbasser, (2005Marsadolov, (2005)Great effort e
dently went into creating landform images and indicates that the ancient inhabitants had a strong social o
ganization.Such organization combined with an animistic and sun worshiping outlook sugegistsat
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,Rdwber of Egyptologyand a e-
nowned scientist Profess®eginald Fessendgminted out that, inthé Egy pt i an DR@dk of t h
mythological people, place names and geography all have counterparts in the Caucasus, and suggested it
may be an ancient Egyptian homela8ttikingly Petrie observed that therere®nly two places where the
sun rose over thiglountain of Bakha(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 rangenésl aligan 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 theswinter sol
tice to theSouth East and sets at the Summer Solstice to the North West, both in line with the Caegsesus. F
den (1923). Such an observation where the &éfreavens?d
parent to an astronaoally aware and sun worshipping culture and would have great religious significance.
Curiously the iconography associatgith the EQyptian Book of the Deazhn be identified with spdei
ic locations in the Caucasusor 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 thougiiedsich lakscape
and also appears to be a huge zoomorpk. mountain further shares attributes with the Egyptian gescri
tionofthetMount ai n of B ak h &sinanefBarmikebeaRsia phorretic redancedto the
ancient Greek word fathe Sphinx,i Harmakis. This suggests that the enigmatic Sphinx may have been
carved in memory of this important landmark.
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Europeb6és highest mountain, Mount EIl brus as seen
the source of the Egyptian Ahketlb®l. 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 Mountain&tartingfrom 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 KasbeknThe co
bined accuracy has a probability against chance of around one in a million esdvelb beyond co
incidence.These and several other intigg alignmentsappear to indicate that the Egyptians, using their
profound astronomical, mathematical and engineering abilities built the pyramids as indelible markers or
signposts to important @tes 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 tH& Billennium BC, thei d&<urgan Hypothesisas expounded by Maritja
GimbutasIt 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 kiena-Manych waterway, due to diminishing meétw
ter, andsubsequent deteriorating environmental conditions, the rich Kurdaumecthat stretched across the
Caucasus was driven to live in more environmentally reliable locations, one of which is the e Ma
doing so technical know how was exported and may have been instrumental in kick starting the Egiyptian civ
lization. Monuments were created in honour of, and to remind of an ancestral homeland. Over time, distance
and with transportation difficults the memory of the Caucasus faded only to be remembergthiriagy.

It is salutary to note that Sir William Matthew Flinders Petrie challenged future archaeologsts to r
search cultural connections, but for various reasons this has yet to hiappdraped 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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A 3M SEA LEVEL RISE AT THE LAST CYCLE OF THE CASPIAN SEA
ON THE IRANIAN COAST

A.A. KAKROODI , S.B.KROONENBERG

Geological Survey of Iran, Kakrobch@yahoo.com
Delft University of Technology, Netherlandsb.kroonenberg@tudelft.nl

The Caspian Sea, the largest lake in the world, represents rapid sea level change. This provides a real
physical model ofoast against rapid sea level change in a period of just a few years which magntbke a
lennium in the oceanic body. Between 1929 and 1995 Caspian Sea level passed the last cycle with a range
of N 3. This caused t er r iopet manyeblildiegs, roads, datms angl othteh e ¢ o
human properties. While the lowest fall lasted in a period of 48 years left marine deposits, developed res
dential zone, the rapid sea level rise occurred in a period of 18 years, representing disorderad-cycle, i
posed landward shift. This paper reflects the last rapid sea level rise outcome along Iranian shoreline using
landsat and filed dataln this study the south Caspian sea has been subdivided withinogal kittlls and
each cell also contains 4 transeot®r 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 sed
ment supply. Beside of main coastal processes, a local factor (Local toggphaays as a fundamental
task on the near shore morphology.

RAPID HOLOCENE SEA-LEVEL CHANGES ALONG THE IRANIAN
CASPIAN COAST

IA.A. KAKROODI , °S.B.K ROONENBERG, °H. MOHAMD KHANI, “M. YAMANI , 3M.R. GHASEMI

'Geological Survey of Iran, Kakroodi_a@yahoo.com
Delft University of Technology, Netherlandsp.kroonenberg@tudelft.nl
%Geological Survey of Iran, Azadi SqeaMeraj Ave., 13188494, Tehran, Iran
*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 xs level e
perienced 28® 1095 shawimg vérg rapid sdavel change in comparison withesmic sea
level change therefore, it is a laboratory to study rapid sea level change and its influence on the goastal ev
lution. The main attempt of this study is to reconstruct thelseal curve in Holocene by using corevsa
pling and radiocarbon dating. The Caspian Sea is not only regional interest but also its Keeled by
global change therefore, it reflects the global change including climate and tectonic effects. gna-strat
phy evidence approves the number of cycles of the Caspian Sea towards late Holocene are being increased.
The main rapid sea levalise took place about, 2380, 5990, and 8800 BP in Holocene.The eantyeHel
was started with a big regression and lddte 8800 BP. There is a thin distinct surface showing a big
flooding around 8800 PB. Four Phases of lbeign sea level rise as cycles of the Holocene period were
identified. Other phases as smaller cycles were distinguished on nearshore core ancicgedo@ pes
ods of 250 300 years as disdered cycles.
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GEOCHEMICAL CHANGES OF THE CASPIAN SALT MARSHES
UNDER CONDITIONS OF SEA-LEVEL FLUCTUATIONS

M.S. KASATENKOVA , N.S.KAsIMOV, A.N. GENNADIEV,
M.Y. LYCHAGIN , S.B.KROONENBERG

Faculty of Geography, Moscow State University, kasatenkova@mail.ru

Keywords: sealevel changes, salt marshes, transport and accumulatioemicdl elements

INTRODUCTION

Gl obal warming and the rise of the wor-dlageneceands
ronmental problems. Within most of the world regions predagtsedevel change proceeds as a rude r
ther slowly and it is lanost imperceptible in human life time scales. The Caspian Sea offers a unique oppo
tunity to study the impact of sdavel change on the coastal zone for st@nn period, because the $£a
pian sedevel change is much more rapid than that of the worl@mseFor this reason, the Caspian Sea
shores are perhaps the best sites to study the effect-E@vetahanges 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 largnd rapid sebevel fluctuations. The most recent cycle lasted
only 65 years. Sekevel 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 stableia27 m below global sekevel, but itcan 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 Dagean type of coasts is rather suitable for studying the environmental change ofthe Ca
pian accumulative shores under $@zel fluctuations. During the sdavel fall (19291977) the coastline
moved seawards. Smaitale retreats of the coast resulted m filrmation of very low sandghelly bars
with a height of 0.2N0.5 m (Kroonenberg et al., 20
monitoring data and aerial plgraphs.

The last transgression of the Caspian sea (1985) caused the delopment of barrier coasts witld-a
jacent lagoons at shores with intermediate gradients betw&8m¥km (Ignatov et al., 1993). After 1978
the marine terrace is progressively drowned and barriersagadris move landward at an average rate of
20-30 m/yar. Such type of the coasts is common for Dagestan. The formation of the-lbg@r 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 ef18P7). Lagoon coasts occupy about 10% of the world
ocean shores (Recent gl obal 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 locat&® km to the south of Makhachkala, the capital of Dagestan. The irarestig
tions were carried out in 199896 when the selavel rose (Geraiev et al.,1998; Kasimov et al.,2000)
and they were continued in 20@D05 when it became stable.

The Turali key de stretches from the waterline across a modern constructional plain to the scarp of the
New-Caspian Holocene terrace. The N@aspian terrace is separated from the modern terrace bg-a rel
tively low scarp (up to 2 m high). The level of the terrace im8tigher 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@osst i on ( 1501 4
m) stretchedrom the NewCaspian terrace to the sea shore through the matlamd 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 chemicalgraeters of surface and ground waters and of each s
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 elenatgs in s
were done by the atomabsorption method using the spectrophotometer Hitachi 180 (Japan).
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In orde to define bulk values of heavy metal content in soils and bottom sediments the samplés were d
gested with a mixture of concentrated acids (HE@ HF. For analysis of mobile forms of elements in soils
and bottom sediments 1N (2N) HCI was used as the extraction agent-Sdlalde, exchangeable and
amorphous forms of elements passes are extracted in this way, and also, in partrengaalconectons.

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 weteadow feruginous solonchaks, marsh sulfigey 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.,19880Kat 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 zondoditbd so three
evolutionary groups with respect to their response to the advances and retreats of the sea (Genna@fif) et al.,

The first group includes the recent beach deposiy. (They occupy the most seaward position. The
oldest evolutionary group includes soils ¢ tsediments of the Ne@aspian taace (Flll) that are not
affected by modern water table fluctuations. The concentrations of majority of chemical elements in weakly
developed sandy soils of the N&aspian terrace soils are low (Table 1).

NC. - New-Caspian terrace
WD¢ - Weakly developed subaerial sandy soils

leﬁ1 -weakly developed hydromorphic loose sandy soils
M(sk)

WD -weakly developed meadow solonchakous soils
Sk

WM -Wet-meadow solonchakous soils

Figure 1. Distribution of soils and sediments on the Turali key site Sk marsh solonchakous sois
k
C - Coastal solonchaks

T1-T26 - Cores

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 co
centration that corresponds to bomoolybdenum geochemical specialization of the Caspian region

The middle evolutionary group {I) includes different soils of meadow avamtarsh and marskagoon
zone that are variably transformed by superimposed processes during $geessive phase drthe phase
of the stabilization.

Transgressive phas&he 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 ganents.
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Table 1
Concentration of elements in slightly affected soils and sediments of the site, mg/kg (n=5)
Conca- Fe Mn Ni Co Cr Cu Zn Pb Cd Sr Mo
tration
Bulk 10000| 155 5,3 26 | 22 2,9 18,8 5,7 0,07 405 6,7
Mobile | 1382 | 87,7 0,3 05 |065| 1,1 4,6 2,6 | <0,01| 225 |

The changes of geochemical properties and concentrations of trace elements are shown in the Tables 2 and 3.
Phase of the sedevel stabilization.After the stabilization of the sdavel the movement of the bar
lagoon system has stopped, thgdon has shoaled. The depth of the ground water table has decreased in

the marsh zone. That l ed to the transfor maai on of
tion in the soils of the salt marshes.
Table 2
Changes of geochemical propertieis soils and sediments of salt marshes upon the fluctuation
of the Caspian Sea level
Soils Phase Eh, mV pH TdS,mgl/l
1 transgressiori23) +150é+20 8.2-8.6 20-100
stabilization” (30) +150€é+20 8.1-8.6 20-100
2 transgression (32) -159..+150 8.49.2 100-1000
stabilization (59) 80é+120 8.38.7 2005800
3 transgression (22) -150€é+10( 8.1-8.5 5002500
stabilization (30) -130é+15( 6.1-7.4 12007100
4 transgression (14) -5 0 680 7.58.3 20006000
stabilization (19) -1 5 0-800 6.1-7.3 30006000
Tablke 3
The concentrations of chemical el ements in soil
Soils Phase Fe Mn Ni Co Cu Zn Pb Cr
1 | transgression| 9500 152 4 1,7 2,5 15 5,8 2,5
(23) 1500 101 0,4 0,4 0,8 4,1 2,4 0,05
stabilization | 8700 144 3,7 1,5 2,4 13,5 6,3 2,3
(30 1850 121 0,6 0,5 0,7 2,9 1,8 0,05
2 transgression, 9300 163 3,8 2,0 2,0 14,8 4,1 2,8
(32) 1200 109 0,5 0,6 1,0 5,6 2,6 0,14
stabilization 8900 189 4,3 1,7 2,2 15,2 4,5 2,5
(59) 1500 118 0,9 0,8 0,7 4,1 2,4 0,09
3 transgression, 6500 227 3,9 2,2 1,9 15,6 4 3,7
(22) 4200 131 0,7 0,9 1,2 7,3 3,2 0,15
stabilization 7600 248 6,2 2,4 2,5 17,1 5,7 4,4
(30) 3100 161 1,4 1,5 1,8 9,2 2,7 0,12
4 transgression, 5950 136 3,2 2,2 3,0 13 3,5 8,8
(14) 5400 102 2,6 1,2 2,9 12,1 3,2 0,9
stabilization 5200 176 6,5 2,6 3,3 14,2 4,5 6,6
(29) 4400 110 1,6 1,6 2,7 13,0 3,0 0,11

Investigations: ¥ 19951996; **-20012003. (n)i number of sampled-bulk forms; 2i mobile forms.

Soils: 1-weakly developed hydromorphicose sandy soils of terrace of the 2Bies 2-weakly developed
meadow solonchakous and wetadow ferruginous solonchakous soils of meadow avansh zong3-marsh
solonchakous soils of marsh zoAeaquic soils of the lagoon
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DISCUSSION

Longterm moiitoring of the shore zone landscapes of the Central Dagestan akaesionulation
plain (Turali site) allows to reveal the environmental changes due to the whole cycle of the Caspian sea
level changes (regressibransgressiostabilization). The first pa of the cycle lasted for 50 years (1929
1978) and was characterized by the retreat of the sea, lowering of the ground water table, andegeneral d
crease in the degree of hydromophism of the territory. The second phase of the cyclE9d®)7&rre-
pondedto the rise in the sea level and the depth of the ground water, and to increase in the degree of wate
logging of the soil cover (Gennadiev et al., 1998; Kasimov et al., 2000). The transgression abtae Ca
sea caused the formation of Hagoon systenalong the seashore that moved landward atvarage rate
of 20-30 m/year.

The third part of cycle (1992006) is characterized by the stabilization of the sea, shallowing af-the |
goon and lowering of the grouwdater in the marsh zone. The movement ef barlagoon system lat
ward has stopped.

The geochemical conditions in coastal soils were not various during the regressive period. Time conce
trations of the chemical elements were low and spatial distribution was homogeneous. From the beginning
of the tansgressive period the variety of geochemical conditions in coastal soils increasditted the
mobilization and availability of both major and minor metals. The distribution of trace metals in ithe sed
ments has been modified to a gredeat by lamlscapegeochemical processes that caused the formation of
geocherital barriers in soils.

The formation and gradual inland movement of thelagoon system has led to additional accuanul
tion of organic matter in lownarsh soils; the development of anaergisibcesses in the presence dpbate
rich water has resulted in the precipitation of sulphides in bottom sediments of the lagoon and in the soils of low
marshes. The eprecipitation of iron and heavy metals together with sulphides and thieadationof iron at
oxidizing barrier are the main processes of the transgressive period (Kasimov et al., 2000).

After the stabilization of the sdavel the geochemical conditions of the marsh soils began to change
slowly. The shallowing of the lagoon has resulitegartial 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 bsealevel stabilization the redoxcline in the marsh soils has shitedviil0-15 cm
that caused the higher mobility of trace elements in the upf®&rdn and ecumulation of total forms on
the oxygen geochemical barrier.

The development of meadow vegggbn in the marsh zone increased the rate of humus accumulation in
coastal sails. As a result in 20@003 the rate of humus accumulation in peaty horizons was 1,9 % per year.

If the sealevel begins to rise again that will lead to the movement cfdgmon system landward and
the width of Il agoon wil/l decrease (Recent gl obal
developed meadow solonchakous and-meadow ferruginous solonchakous soils within meadow avant
marsh zone. It will cause tloevelopment of the anaerobic processes, the accumulation of sulphides, h
mus and concentration of chemical elements.

The further stabilization or regression of the-=el will be accompanied by the drainage of the marsh
zone, the oxidation of the sudés 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 acc
mulation of other microelements. On the other hand, the acidificatianilefrsay 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 thedsugreamironment
can significantly affect the overall cycling of the metal forms. Salt marsimsats provide a valuable tool
for the study of trace metal behaviour during differentis@apegeochemical processes.
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ties, intralability, seismic dislocation, edduakes, mud volcanism, stresggime compression, decompression, resorption,
stabilization, verifcation

INTRODUCTION

The article deals with the indicatory property of the fluctuation of the Caspian Sea level as a recording
mediain the system of endodgmicsexodynamics from the point of view geodriftgenalconcept of e-
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 ilgag&ins carrie@ut in this aspect show that periods
of high stand in the sea level correspond to the periods of compression, whereas periods of lolw stand
the periods of stretching, and the both periods the periods of relative stabilization of the crust tension.
Thus, regime conditionsare associated with intensification or weakening of earthquakes and mad volc
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 bkitegis
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 festove pay attention to the crucial role of phenomesa d
termined by endogeodynamic processes such as ebb and float of intraformational waters into the sea, v
lume changes of its basin. Thus, the assumed relatioisshgmsidered in terms @eodriftgenalconcept
(geodriftgenal results froomovements of tectonic plates of the Earth geomorphosystem), which develops
on the basis of the principles of the theory of plate tectonics (mobilism) and repregeatimgphologic
concept (modified option for mobilisna)s a theoretical basis for the study of mechanisms of reliekform
tion and development from new points of view. According to this concept, the full cycle of the relief evol
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tion from peneplaifio peneplain is divided into successive stages of divergenoggrgence, anvergence
as well as rifting, spreading, sulotion, 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 fonationof the ocean basin, and the formation of morphostructures of rift trough
and contnental destructive plateau margins, while the spreading stage is characterized by plate spreading, e
pansion of the ocean bottom and the formation of sequertéation number of primary conformal morgh
structures of underwater neolcanic uplands (mass), valleys, basins,-atidan ridges and other \aties.

During the divergence period subduction stage is characterized by mersion of one plate bendath the ot
er inthe mantle, the shortening and closure of oceanic basin and the formation of largely confarmal mo
phostructures, abyssal plains and basins, volcanic mountains, subduction trouglse&deasins), supe
subduction island arcs, active plate margins (tremmsones), and in the collision stage due to esoal of
counter motions and restriction of the ocean floor there occur collisions of tegplatgs, which is acco-
panied by transformation of morphostructures of previous stages, there are formegehetusly and
heterochronously built covetaly block infoldedconformal and disconformal morphostructures of suture
zones.

During the anvergence period in the conditions of dynamic and thermal relaxation stage of geodynamic
stressdisseccatioris charaterized by exogenous dissection and destruction of mountain ranges,adegrad
tion of existing morphostructures and the emergence of their typological variations, while duringéhe plan
tion stagerelief dissection in its low stable position is completed byateling to the peneplain and fam
tion of platform morphostmures (4, 6, 9).

According to the abovenentioned geochronological scheme the relief of the region under consideration
in the system of the alpine sutureogenic belt having gone through tBaikal, 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 geologicat-and mo
phodynamic chaacteristics of topography, seismic activity, intensity of mud volcanoes, variationg-of ge
physical fields, fluctuations of the Caspian Sea level, instability of oil recovery in time, quadiggr of
recent tectonic movements and other endogenoushetareined 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 substaot#se crust and their geophysical pes
ties, so that magnetic and gravitational fields depending on the current geodynamic situation umdergo ce
tain qualitative and spatial transformations(1, 2, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14).

Analysis of the abovenentioned situations connectedth 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 abutmeiof jihiattectonic plates
display close relationship with the relief evolution cdiahs 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 heterochronicrptoogenetic and typological varieties, as well as their r
gional and local spatial differentiation.

The presence of zones of magmatogenic rocks of ophiolites assqctatimiderable horizontal s
placement of thick layers of the alpine cover, with wiead development of overlapptogerthrust fodl-
ing morphostructures, richness of magmat@oducts characteristic of compression and stress regimes of
the crust, regular connection of overthrust plane and deep faults with the direction of sub@udtian
ence), onesided asymmetry of linear morphostructures, correspondence of the coamegpbbstructures
with the course of margins of tectorpates(microplates) and transform faults, traces of rotationag-kin
matics of plates and blocks testify in &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 regularityi.e. strengthening of deep geodynamic crust tension leads to intensification a-gravit
tional and fluvial destructions of morphostructures and vice versa. There is observed intense degradation
and destruction of young slopes of mountainous ranges agebra 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 destructomk ddyersin the crust
is closely related tthe geodynamic tension of tectonic plates, the known models of earthurepleeation
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(diletation diffuse and avalanchenstable fracturing) are characteristic both for the periods of compression
and of the crust extension. In addition, it is believext thtrusive body which according to the concept of
intralability creates additional tension and by causing seismic dislocation plays a certain role in tlae prepar
tion of the eafiquake (5, 10).
Therefoe, earthquakes which take place every year, asasalccasionahtensification of mud volaa
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 conneatecowitirah
sionregime and those which happen during the fall of the Eneshssociated with the crust extension regime
Statistical analysis of historical and archaeological data, and instrumental observations of the fluctuation
of the Caspian Sea shovattbesides Qauternary and its more ancient {acgée transgressiomegressions
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 phenomkappening with varying frequency
and amplitude will keep on happening in the future as well, and apparently will continue up to the anve
gence stage of the evolution of the relief and the final closure of relics of the Tethys Ocean. Therefore, the
study ofthe 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 ofgeatince in the economic
and socieenvironmental plan (13). The obsed periodicity of the Caspian Sea fluctuation, which is ce
tainly influenced by the eustatic factor, displays a close relationship with aggrasdic changeability of
crustal tension ancegimeinterchangecompression, extension and relative stalilara Thus, during the
periods of compression regintie tothe crust compression there occurs thrusting of mekses and
withdrawal of interformational waters contained in them into the basic@mstrictionof its bath, and du
ing the decompressiongiene there takes place extension of the crust, extension of rock formations and
reabsorption of basin wateasd expansion of its bathiThus ,in the first case due to theieased water
volume and decrease of the basin volume there takes place a hises@atlevel and in the second case due
to the decrease of the water volume and increase of the basin \bleraés observed a fall in tisea le-
el. So, the established regularity allows us to use it as an indicator of changes in the geodynamic regime o
the crust and thereby predict the time and terms of compression/extension aadistabilization of the
geodynamic stress. This taken into account allows us to stateettwatspof rapid rise and fall of the level
of the Caspian Sea will be limitédthe periods of intensification of compression and extension respectiv
ly, and longterm periods of high and low stand in the sea |éwiel the periods of retive stabilization of
the crust tension.
It should be noted that verification of the validitytbé doctrine under consideration can be carried out
by spacemonitoring or by higkprecision releveling by means of establishing a remote connecten b
tween the special receivistpansmitting sets installed at groubdsed control stations(light houssarvey-
ing benchmarksetc. and stationary satellites as well as by establishing precise geodetic triangutation ne
work to cover the most characteristic geotectonic structloeks of the region. The results of the-o
tained information will make it sible to determine the character and quantitative parameters of recent
tectonic movements and thereby make judgements ajeébdynamic environmerf tectonic platesand
crust of the Caspian region (3).
Platetectonic concept of minerageny allows to stiokehdogenous, deep mantle origin of hydreca
bons. At the same time it is assumed that expulsion of hydimaydonconcentrated 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 sedimentarycoagentrate in sediments
with reservoir properties and under favorable litholegjitictural and thermodynamic conditions form oil
and gas fields. Herewitlyeodynamic conditionand lawsof their formation and location allow us ts-a
sume that the volume of oil and gas production should increase during the periods of comprgsa®mn
and decrease during the periods of decompressgimeof geodynamics of the Earth crust, whisheu-
denced by its quantitative indicators (2).

CONCLUSION

We believe that geodriftgenabncept will compensate for thieeoretical crisis in geomorphologyrco
nected with the collapse of the doctrinegafosynclines and play an important role in un@deding the
mechanisms aniegularitiesof 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: catrophicrise/fall of the level will reflect intensification oéxtension and ao-
pressiorrespectively, whereas high or I@tand in the levaelill testify to relative weakening of tension.

This principleis of utmost importancd his principle has greatnportance for the forecasting of deva
tating natural phenomena connected with the fluctuation of the sea level rise, the rational use oEnatural r
sources of the Caspian Sea and the coastal regions, for insuring the sustainable fuoftibaiod) seabr
as well as and for tackling other scientifipplied ssues.
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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 aad morph
dynamic characteristics of these regions become ingldlvea 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 maririegoo@-t
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 wathd has such environmental importance so that according to the defieed crit
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 carally.itlshe 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 deformatn in Miankaleh lowland area. Environmental and erosive vulnerabilityi-cond
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 effortesirpafishery, port, oil and
gas, tourism, power plant and construction). The results of several surveys prove that this coastal signif
cant area of Caspian Sea has permanently been impressed by environmental forces of Caspian Sea level
changing throughduthe Quaternary geological history [2]. Hence current mulggfical appearance is
depended on hydrodynamic forces and Caspian Sea water fluctuations [3]. With the comparingthe shor
line transpositions of Caspian Sea seedgistern coastal parts on theioegbetween Torkaman and Gbm
shan ports in 40 recent years, we can find out the replacement rate and morphological deformasion of Ca
pian Sea slight slope coasts along with rapid fluctuating periods[4].

Furthermore, it is proven that the wide sandy akedved from flows parallel with coast in direction of
west to the east throughout recent several thousand years [5]. Survey about native and immigrant bird bi
diversity of mentioned wetland in addition to the benthic and fishes, show precious habitandaéxes-
sive bio susceptibility of this area [5]. Recent accumulation of trading and commercial efforts in gerts, w
ter effluents from city and village communities and leading industries, solid waste disposal, toxicant co
centrations generated from féiters and pesticides, is the main cause of increasing environmental vuln
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 changingtAnopagenic 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 agenlty taking advantages of aerial photos processing and field abeas/

METHODS AND MATERIAL S
Studied area
The slight slope and lowland, Miankaleh is located on the goe#stern regions of the southern coasts
of Caspian Sea in the lengthwise direntaround a canal between Torkaman port and Ashoradeh peninsula
where is adjacent to the Amirabad port (fig.1).

-Google

Fig. 1. Study area location map

It is situated in the widthwise direction between Gorgan bay and Caspian Sea (fig.1). This &fea is e
parded 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 padfsthis region. Also Ashoradeh peninsula, in the end of eastern
parts, is considered as a main center for the sturgeons fishing. The aqueocisoconinthe Gorgan bay and
Caspian Sea is feasible via marginal canals such as Ashoradeh and Khozeifheavedt regions of Mia
kaleh area is covered by maritime sandy sediments which appear in the intercalation shape adlith& micr
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and adhesive wetland sediments. This kind of sediments is seen in central parts of peninsutaitisatote
of musselsAlso, the eastern parts of Miankaleh include sedimentary wetland environmentdathel pairt
where is concentrating location for the majority of the aquatiomga

Methods

After collecting required data and documents on Coastal modification impalee dow land of Mia-
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 viewpd of natural geology and emenmental attributes. Thereafter, morphologic
features and widespread morphodynamienpimena conditions of this area were assessed with applying of
satellite images (Google earth). Simultaneously, field observations antirgptrgmsects were determined
(fig. 1). Sedimetary 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 wheré was chosen in lengthwise direction of Miankaleh.

Moreover, to determining the impact of anthropogenic activities on geometrical structure andsedime
tary morphodynamic along with 3 stations around Amirabad port, needed measurements were performed in
wegern, central and eastern sections of coastal area. After preparing of sedimentary samples irathe labor
tory and accomplishing some required examinations, we analyzed tteetehistics of sediments texture
from the viewpoint of particle size and distrilmn thus related sedimentary envineent. Subsedimentary
environments and shorelines around peninsula were assigned by transferring data to the geologaal inform
tion system (GIS) and putting down them on digitized map. The transpositions of shorelishare
gence of coastal lands were verified by Interpreting and comparing of aerial photos belonged to a 40 years
period of times (1962005) in a scale of 1:10000 which contains both water level rise and dowin cond
tions. After that, we achieved to idestifulneable regions towards Caspian rapid sea level fluctuations.
Finally bioecological conditions and the territories of paludic lowlands were assessed by comparing the
sedimentary subemonments in both Caspian Sea water level rise and down.

RESULTS
AMorphodynamic and morphological features ofMiankaleh

The aerial photos processing and field works conducting around eight measurement transects (fig.1)
specify that Miankaleh Sand spit possessphologicsubstrata and sedimentary sabvironments irthe
direction of west to east.

A Morphodynamic structure transposition

The consequences of processing and comparing the aerial photos of Miankaleh coastal regiens in a p
riod of times (1965005) which contained Caspian Sea water level rise and dowompker, show &
ferent dislocation of Miankaleh peninsula shorelines in western, central and eastern parts. The scope of the
coastdlands submergence in the situation of water level rise has diverse features in the different regions. B
sides the extensiarf coastal morphodynamic features such as: erosive bays, connecting cattaisisvesnd
sandy spit expasion 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 covisragen more in berms and sandy dunes.

Table 1
Sedimentary morphodynamic andmorphological stratification of Miankaleh Sand spit
MiankalehRegion Sedimentargubenvironments MorphodynamidPhenomena
Western Part Aeolian environments, Primitive Erosive terraces, Beach
Berms,Wetland Fringe&shorline,Wetland | cusps,Sand Dunes,Primitiveaot
Band Beam,Gorgan Bay and Fluctuation terraces
CentralPart Shoreline, Wetland,Sand Dunes,margina Beach cuspsRipple
canals,W#and Fringe,Gorgan Bay marks,Scattered Sand Dunes, St
Pool Pits,Sand Spits
EasternPart Marginal lagoonPrimitive Sangbeach , Pool Pits, Lagoon
Gorgan Bay
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Table 2
Geometric and morphodynamic structure characteristics of western coastal parts of Miankaleh
Station Geographical position Morphodynamideatures
No. X y
1 36,83575 53,22120 Delta, berm, Sand Des
2 36,85000 53,39999 Erosive terrace, beach cusps, Destroyed Sand dunes,
3 36,86837 53,47748 Sand barripple mark, Small Beach cusps, Sand Dunes
A Anthropogenic impacts on coastal structure defor

The evaluation of geometric and morphodynastitictures 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 anthropogenidisietivities
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$ieh caused coastal berms eradication. This event has influenced the |
cations of 20 kilometer radius from west direction to the east. The most important engineering-constru
tions, which affected the erodibility of Miankaleh western parts, are coast&l Wwegar obstacles, groins
and coastal guard constructions.

DISCUSSION
AField observations and satellite images analysis

The conclusions from field observations and satellite images analysis indicated that sedimentary mo
phodynamic and morphologic featuresMiankaleh 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 frganGay to the Ga
pian Sea shoreline orderly contains: lowland part of Gorgan bay with the dominant vegetable coverage of
Xanthium shrubs and filled with calcareous shell of nmgiiu(bivalve and gastropod). After that we reach
the primitive sandy coasf €aspian Sea with an altitude code-?4 that embraced microlithic sandg-s
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 dressedlark brown coloredoil whose thickness is about 10 centimeters.
After the wide area of primitive Caspian Sea berms, we arrive to the inactive sandy dunes whict have e
tensive vegetative coverage. In the next area, active and semiactive sandy dighies sean. Ultimately,
the coastal profile leads to a slight sloped beam which has reverse slope towards coastal berns-along Ca
pian Sea shoreline with the coverage of halophytes such Xantium plants.

This kind of biomorphological state exists in wholewastern parts of Miankate In fact, the morpbr
logical feature assessment of western parts of Miankaleh shows the functiospiainCea water level rise
excessive phases in the past whose altitude code is changddmpreserni26.5.

Coming a largamount 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 enlarg
ment. Due to reduction of sandy sedimentary substances, coastal defiorm 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
degh 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 wetlanebaggrongly 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 ircreased 2
ters up to now. Consequently; Khozeiny canal and aquatic connection width between Gorgan bay and Ca
pian Sea has been developed. One of the morphodyrieatices of this area is the creation of erosive
bays in southeastern part of Miankaleh. Thenggration 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 irodicfatiest to east.
The erosive vulnerability in the edge of Miankaleh sandy spicigasing from west to east.

Comparing of the aerial photos analysis conclusions:

The result comparisons of aerial photos processing during 40 year$ 2096% which nclude two in-
portant Caspian Sea water level rise and down phases, prove deformatimr ofaMliankaleh sandy spit
related to Caspian Sea water level changes. The collected data from limnograph stations show etbout 3 m
ters depression in sea water leveinfr1940 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 eastemsrbgtoveen 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 (Khozeint) and we
lands widthwise have beeewkloped.

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 regmessaspberry bush lands and sour pomeapeashrubs are
expanded through the berm, however; owing to the water level rise and soil salinization, the meationed v
getative coverage are destroyed and the bodies can be found under sediments. Meanvphdeeit that
the most Vulnerability towards sea water level rise seems from the end of eastern to central parteef Miank
leh pennsula. Other regions have fewer Vulnerability risk.

A  Anthropogenic i mpacts on erosive vulnerability

Port constructions, gros building, coastal break water obstacles, coastal guard constructions,rtand su
facing and sand takings, increase erosive Vulnerability in western parts of Miankaleh close to the-multipu
pose Amirabad port. Actually Amirabad port (in the end western pad)Ashooradeh peninsula (in the
eastern part) are affected more by antbgemic 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 protecttin 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 sedimecuianyka
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 bman activities, ar&nown as appearance of vast erosive terraces, developed crescentic
beach cusps and disappearance of berm and sandy dunes (station No.2). Dramatically the effect of co
structions on coast is reduced by going far from central part (station No.3). Actualigngact 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 g#ntle slope in littoral zone which geated 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 gl obal and regional climate. The Ear

with numerous feedbés, 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 absoluieig mtigufit
is necessary to study laws of variability of climatic parametetb@big time intervals.

The following problems have been examined in our resedtghAnalysis 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 (tperature, precipitation, and atmospheric pressure) during the instrumental
measurement period; (3) Definition of the degree ofierfte of these parameters on river discharge and
sea level change in the Black and Caspian Seas by-apostation tests{4) Study of the periodic steu
ture in time series using tresaohalysis, spectral and wavesgtalysis, and(5) Analysis of the reasonswgi
en for sea level change of the World Ocean, the Caspian and Black Seas and the scenario ofechange pr
dicted for thefuture in the Black Sea.

CASPIAN-BL ACK SE A-LB/EISOSEILLATION OV ER LATE
PLEISTOCENE i HOLOCENE
According to the known theory of fluctuation of World Ocean level (and the seas) and continental lakes
level for Pleistocene and Holocene occur synchrslypbut have an opposite sign. These fluctuatians o
cur as the result of global changes of a climate (Feodorov, 1978; Richagov, 1997; Shmuratko, 2001).
Onthe long time periods of level change of the Caspian Sea and Black Sea as a whole occur lamger this
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 behand fluctu
tions of World Ocean almost dmet quarter of phase the millenniaycle. 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 lsnown. Black and Caspian exhausting are removed on significant distamiceth& centers
of origin of climatic changes: North Poles and Atlantic Ocean.
On data by Mikhaylov (2000) and Richagov (1997) Caspian Sea level in Ladimédae and Holocene
had big flctuations in amplitude. The Khvalinian stage included two trangmgness histries of Caspian Sea:
the largest for the Pleistocen&arly Khvalinian (4670 thaisand years BP, a maximum level 47 abs. m, that on
74 m is higher modern) and Late Khvalinian-@@thaisand years BP, rise of the level up to 0 abs. m).
Theseransgressions were divided deep with Enotaevian regressidi (g@usand years BP), when the sea
level has fallen up t6 64 abs. m also was on 37 m below modern. Significant fluctuations-tvstaccured
and during Novocaspian stage of his histehjch have been congent with Holocene (last 10 thousand years).
After Mangishlak regression (10 thousand years BP, downturn of a leveli ugOtabs. m) five stages

the Novocaspian transgressions divided smal/l regre
Geologcal history of Black sea in the same interval of time tested also significant events on scales:
Neweuxinian regression (Neweuxin30i2 0 t housand years It whe-h00t he | e
€ -110 abs. m), Neweuxinian transgression (Newelixit8,0i 9, 5 t housand Jt, the 1| e\
absolute marks of25 m (shelf) anduptddt 7 m ( Pri chernomorian | i mans), a

was higher modern +2 m. In Holocenian history of basin there were large enough regressionis (max
mum): abat 8.2,6.2,40,3:2. 3 t housand It (fig. 11) (Konikov, 2C¢C
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Comparison of these events for the Black and Caspian seas shows some deviations from the general
laws. Interest causes essential conformity Enothaerégmnession with regressiddeweuxinl. The Man-
gishlakregression coincides witemall amplituderegression of Black Se&nyukov, edid., 1985Re-
gressions of Caspian Sea during prehistoric time (petween transgressions |, I, Il and, in part, IV as a
whole coincide with Earlfprevnecheromorian TirasianandKhadzhibeiamegression (Konikov, 2007).

GLOBAL AND REGIONAL CLIMATE CHANGE AND S EA-LEVEL OVER
INSTRUMENTAL OBSERVA TION

Boichenko and/oloshchuk (2006) have shown that there is an alternation of long periods of warming
and cold snaps in the exttiapical parts of the Northern Hemisphere during the last hundred years that can
be considered as a component of natural variations. Climateyehn 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 gl@bal situ
tion variedslightly: there is an insignificant increase in mean annual temperature and a substantial increase
in precipitation.

A stronger link wih 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 attributechttoiv 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
gime, in turn, can beefined by atmospheric circulation. It has been shown that an increase in sediment
discharge into the Volga basin is related to-gultudinal atmospheric circulation, and a reduction to a sub
meridional type of circulation. Othestudies, however, have related changes in the Caspian precipitation
regime to pressure systems in the Pacific Ocean (Arpe and Leroy, 2007).

The World Ocean is system of an integrated kind reflecting changes of a global climate. Thus changes
in global tenperature reveal changes in deael change of the World Ocealmterdependencbetween
these factors is characterized by crosgelation factors of 0.61 to 0.72. For the Black Sea, numeri¢al va
ues of atmospheric circulation even to a gred¢gree, thn the temperature acennected with considered
parameters (such aea level, rivers discharge, aaiinospheric precipitation).
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The original source of the moisture in the Volga basin includes the influences Nbttie Atlantic
Ocean. It is there thafreater evaporation from the sea surface leads to an increase in the amoust of moi
ture transferred to the Eurasian continent and, consequently, to increased atmospheric precipitation in the
Volga basin.

Recent water level fluctuations in the Caspian I8eal have been influenced mainly by anthropogenic
factors. For example, there was a reduction in discharge because of irrevocable los$idindp sed-
ment fill following damconstruction on water basins), evaporation from the surface of artifis&boirs,
and water extraction for irrigation. It is believed that since the 1940s, irreversible water consumation ste
dily increased, which has led to reduction of inflow of river water to the Caspian Sea and an additional d
crease in its level comparedth the natural trend. At the end of the 1980s, the differesteelen actual
sealevel and the restored (natural) one has reached almost (Malanin, 1994)Thus, total water ae
sumption in the Caspian Sea for those years has been estimatédak®8/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 &odalishnikova 1998).Technogenic influence on
water balancef Black Sea has begun in the lateysars. Building of the water basins on the large rivers
(Dniester,Dnieper Danube) at this time has begun. The Dnepr discharge is reduced at the experse of wit
drawal from water basingraost on 75 %. However thus/i lifting in Black proceeds.

PERIODICITY OF VARIA TIONS IN CLIMATIC FA CTORS AND SEA LEVEL

Waveletanalysis of a global temperature time series has allowed identification of cycles of around 10,
20-25, 5560 years which are superimposed on longer pelieds 100130, 300329 year cycles). These
smallscale cycles are present throughiothie entire period of recorded observations of 18884, inclw-
ing the industrial and postdustrial periods (Fig. 2).

Most climatic indices show a dominant influenokethe 60yearold fluctuation (e.g. Datsenko and
Monin, 2004). Bojchenko (2007) made spectral analyses of temperature for the interval freh83000
AD and alsofoundquagier i odi c al fluctuations with pemnhbleods of
60-year cycle began in the 1970s. Its peakcidied with the beginning of the current®2dentury. It is
likely that the temperature mianum of the 66yearold cycle has terminated and some stabilization and the
tendency for temperature decreasel Wwé observed in the future. The assumption of a pause in global
warming within the next decades, similar to the pattern from-1940, has been forecast by Datsenko and
Monin (2004).
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Fig. 2. The time number of cyclical chga in global temperature and its wavelet transformation (leftstndardised
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 6§ea fluctuations of temperature, in the next20 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 they@ar cycle, a decase is marked. The level of Black Jea sa-
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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 risirg of Caspian sea level has begun, in the majority of forecasts accelerated growth ofil@gel to

and everi 20 abs. m was predicted almost linear and above in thesK¥gntury beginning. Decrease in
mid-annual levels last four years in total on 0,34pnabably, testifies that in 1995 level has reached the
maximum (26,66 abs.m), and about change in the tendency of a coursepiiCaea level. Anyway the
prediction, that a sea level hardly will exceed a niia2 abs. m (Richagov, 1997 pmarently, § 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 dependes of Caspian Sea water level with RSL in the World Ocean and changes & atmo
pheric circulation is greater than for Black Sea. Based on spectral and wavelet analyses for time series of
climatic factors, rivedischargeand sea levels for almost 200 yeafsneasured intervals, statisticallygsi
nificant periods are determined to occur at cycles of 1258nd 5560 yearsShort periodicyclicity has
been established for intervals of the following lengths: seascei8al5Z yearsAnalysis of long dataesies
ford®( stable isotopes in Greenl an@b0year adquadd@lyeabni eper
cycles. The scenario of change of in the climate and waterdéveé Black and Caspian seas during the
next few decades and the letggm forecasts presentedRise in the level of Black Sea water may proceed
as early as 280 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 humgidiéy 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 antiphaseOn shorter periods there are deviations from this law.

REFERENCES

Arpe, K. and Leroy S., 2007. The Caspian Sea level forced by the atmospheric circulation, as observed and modeled.
Quaternary InternationalVol. 173174 OctoberNovember 2007. pd44-152.

Boichenko, S.G., 2007. Qvaziperiodicheskie kolebaniya prizemnoy temperature Severnogo polushariya v péslednem t
syacheletii [Quasiperiodic fluctuations of temperature on the ground level of Northern hemisphere last millReiponis

of the Ukranian Academy of Sciencééo | . 4 14 . -1T1. (I6 Russmap).. 1 0 5
Dat senko M. and Monin A., 2004. O kol ebaniyakh gl obal éno
global climate for last 150 yearBeports of the Ukrainian Academy of SciencesV o | . 3 2838256. (In Russiam). p .

Fedorov, P., 1978. Pleistocen PoHK@spiya [The Pleistocene of Pontiaspian].Works of Geological Institute AS
USSRVol. 310. 166 p. (In Russian).

Konikov E.G., 2007. Model processa osadkonakoplebiya na seapealnjm shelf€hornogo moray [The sediment
tion model for the northwest shelf of Black sé&ology and minerals of World Ocedfiev, 2007" 2 . p4@g.. 3 4

Likhodedova O. and Konikov E.(52007.Analysis of sedevel changes in the Black Sea for the past 140 years asd for
cast for the futuren Extended Abstracts: 3 Plenary Meeting and Field Trip of Project {&X1FBlack Sed& Mediterranean
Coarridor During the Last 30 ky: Sea level change and Human Adaptation-2Z00®). GelendzhiKerch, RussidJkraine,
pp. 109111.

Malinin V.N., 1994. Problema prognoza urovnya Kaspiyskogo moray [Problem of the forecast of Caspian Sea level] In
RGGMLtvolum 160 p. (In Russian).

Mikhailov, V.N. and Povalishnikova, E.S. 1998. Yescho rez o prichinakh izmenenij urovnya Kaspiyskogo moray v XX
veke [Once again about the reason€as$pian Sekevel changes in

the XX-th century]Vestnik MGU Ser. 5, Geographypp3538. (In Russian).

Mikhailov, V.N., 2000. Zagadki Kaspijskogo mor&Bifldles of Caspian Sea]. Articles of Sorosovsky Educationgt ma
azine .

Richagov, G.l., 1997. Pleistocenovaya istoriya Kaspiyskogo moray [The Pleistocinic history of Caspiiossea).
PublishingMGU. 267 p. (In Russian).

Shmuratko, V.I. 200Gravitatsionerezonansnij ekzotektogenez [Gravitationedonance exotectogenesis] Odesgsa.
troprint. 347 p. (In Russian)

Zubakov, V. A. 1986. Gl obal 6 nilebal clinaticrexents of Pleistokenddeningradb i t i ya p
Hidrometeoizdat288 p. (In Russian).

98


http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%236046%232007%23998269999%23667597%23FLA%23&_cdi=6046&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=7997678&md5=2e787ecaf92dcaa3560ca349b10808d4

Palaeoclimatic and palaeoenvironmental changes in the Caspian Region

CLIMATIC ASPECTS OF CASPIAN SEA LEVEL VA RIATION
DURING THE HOLOCENE

N. LEMESHKO

State Hydrological Institute-2d Line, 23 SainPetersburg 199@Russia
E-mail: natlem@mail.ru

Keywords: climate change, global warming, water resources, paleoclimate scenario

INTRODUCTION

The Caspian Sea is a uniqgue component of Earth's landscape, as it is the chelesl with a huge
catchment, which makefd Caspian a reliable moisture integrator reflecting both-lang shorterm
climate fluctuations within a vast territory. Historically the Caspian Sea can be considered in terms of pe
manent alternating transgressions and regressiemsgting from flictuations 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 fiStuaionsare based on the structure of
the CSL water balance that is determined mostly by the climatic factors. The amplitude of the C&L fluctu
tions does not exceed 4 meters during the instrumental period from the higheslzeh{ BS) in 1882
to the lavest level £29.1 m BS) in 1977. Whilst the amplitude mounted tb08meters during the New
Caspian transgression, some estimates suggds i

Inthe 1930swatdb udget <cal cul ati ons revealed the relatiol
inflow from the basin; the last has been a clinratated factor. Interest to thissue has recently increased
due to sedevel rise from-29.1 m to-26.5 m andorogress of @hropogenic global warming at the same
time. This sharp raise of the CSL for 2,45 n1Bv¥81995 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 i@century the mean annual air temperature has increasadobg ut 1. 29sJu f or
sian territory that surpasses the global annual air temperature increase. Recent years the tendency towards
warming has grown significantly and in the period of 12900 the mean annual surface amperature
increased by 0.4 . 002 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 gigiheadummeautumnin tieAtumrlp@riod; evan; s ) |, [
some cooling has taken place in western ETR up to 2000. Mean annual temperatnceehasd rather
unevenlyover all territory [Assessment report, 2008; Lemeshko, $pkaga, 2006]

In individual regions, including the basbf the Caspian Sea the temperature rise has been alsicaignif

Air temperature and precipitation anomalies were evaluated for-2@3Q (Efimova at. al., 2004)a
ble1) for the Caspian Sea bas@eographically the northern (the Volga River basinjl eastern (desert
area) parts of sea basin exhibit warming for all seasons with most signifseanf winter temperature.

The Volga River discharge amounts to almost 70% (some estimates suggest 82%) of the inflow to the
Sea. Runoff of three other & rivers (Ural, Kura and Terek Rivers) is abou#%. That is why we put the
main emphasis on the Volga River runoff. For the last 50 years the Volga River was under the-anthrop
genic influence. 12 large reservoirs have beemstrmcted in its catchment.

Significant CSL fluctuations have been recorded throughout more than a hyedreabservationalep
riod. From the beginning of observations till the end of 19th century the CS had a relatively stable level,
fluctuating near25.8 BC. The tendency to dease in the mean annual Sea level was observed from 1882
and continued up to 197Ih 19781995 there has been sharp raise of the CSL for 2.45 m-@p.tom BS
(Project fASeaso, 1992; F rcentury fluctuatof @eBolls.iooParabla with on o f
the duration of the Atmospheric Circulation periods. The index of the Mdidimtic 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 decadeg tindex has been shifting to positive index values. The positive tendency of
the CSL change coincides with positive phase of the Ni#dex (Figure 1) and increase of Global amnte
perature during last decades of 20th centiir. the period 1932000 the oefficient of correlation é-
tween the index of the NAO and CSL is 0.36 &etiveen 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 dependent indicator of climate system change becomes higher now than itgwas su
gested before.
Table 1
Precipitation and air temperature anomalies for 19912000 from mean value of priod 1951-1975 in
the Caspian Sea catchment

Precipitation anomalies, mi Air temperature anomalies U
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

Index NAO
Caspian Sea level, m

—o— 5-year-mean index NAO —— Caspian Sea level

Fig. 1. Five-years mean values of NAO index and Cas@deadlevel

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 amgitofdthe CSL fluctuations does notceed 4
meters during the instrumental period. Whilst the amplitude mountedlf r@eters during the New
Caspian transgression.

Modern environmental and climate change has been caused by natural amaaeaf@tors. Tostudy
both natural and anthropogenic climate changes and their impact on the CSL chasigrildeompare
three periods of the Holocene: two periods without visible human impact and the thirdrentast de-
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ades of the 26h century with a considerab#mthropogenic influence, both local and global scales @egul
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 endoheridalea

Based on our previgustudy, have been investigated three warm periods: the Holocene climatic optimum
(6.21 5.3 KA B.P.), the warming of 1930s and 19I5, in order to study ranges of the Sea level fluctuations.

The time period 1978995 was accompanied by the global wamgmand 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 leydrom
teorological conditions: air temperature anomali es
warm period; anual precipitation was by-@% 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 exceedad mean a
nual one on 24 cub.km [Mescherskaya, 2002].

Up to 1970s all riversfdRussian part of the Caspian basin were artificially regulated. As a resuti; the i
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 Rivewotéh, the irflow to the Caspian Sea decreased
about 12%, it equals to 25% from the Volga River runoff. The losses of water resources dratevap
from the reservoirs was aboutl® cub. km (about 3% of the Volga River runoff) [Shiklomanov, IGeo
gievsky, 2002]. Undenatural caditions (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 wagery important in the Caspian Sea history is 239@1.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 19301941 and even for this short period of ten years it is Statly significant.

Climate conditions over the Volga River basin for warm 1930s differ from-1988. Winter air te-
perature was colder on 0.2AC and summer temperatur
precipitation (by 17%), snow (by 6%nd river runoff (20 cub km per yeaNumber of days with anticy
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 precipitatiorwason 75 mm less than in 197895.Evaporation from the Sea was by 85 mm higher
than for 19781995.

In the geological past of the Earth there were warm epochs and some of them had the gloked temper
ture anomalies similar to predicting in the nearest future [Borzenkova, 1992]. The cbptatiom of the
Holocene(6.2-5.3 KA B.P.) was characterized lgjobal warming atl C. During this warm epoctvinter
temperature would be higher oR2T4 , and summer temper atlCeanpareul d be
with 18811965 over the Volga River tzhrrent. In the western part of catchment (Oka and Msta Rivers)
precipitation would be lower on 280 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 benom Hi§Ber
(Fig. 2).The Caspian Sea level in the climatic optimum of the Holocene was &20@u®2 m BS accai-
ing to estimates by Rychagov, 1994.

A hydrological model has been used to estimate the changes in the water balance of the Volga River
catchmeh and to model the CSL response to climate change [Lemeshko, B8&&nkova, Lemeshko,

2005] The model is based on the sesnipirical calculation method and on paleoclimatic scenario for the
Holocene climatic optimum, considered aslag of future condtions in some features.

The scenario consists of the regional data on deviation of annual precipitation, winter and summer air
temperature.

Applied methodallows to calculatethe meanmonthly values ogvaporationyunoff and moisturecon-
tent of activesoil layer (1 m) using data on mean monthly values of surfacemiperatureair humidity,
precipitation,cloudiness surfacealbedoandsolar radiation, both for the modern climaticrattions, 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 evaporatard evapration is 810%. Modelling annual runoff of the Volga
River equals to 274 khihas been compared with data from the World Water Balance (1974) (Z54itkm
was shown that the model enlarges runoff for 9 %.
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22 meteorological stations located in the VdRjaer catchment have been used for nilalg of water

balance components for global warming by 1

Changes

n annual

of the Holocene climatic optimum and river runoff are shown in the Figure 2 (a, b).
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Fig. 2. Deviation of annual precipitation (left) and runoff (right) (mm)h@&lobalwarming by fC.

Changes in precipitation and runoff in outline have a similar geographical distribution. Decrease in pr
cipitation leads to decrease in runoff in the upper and middle parts of the Volga River catchment and i
crease of precipitatioin the low Volga River leads to increase of evaporation and runoff, which arg-stron
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 precigtatiadequate 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 ater balance parameters for the Volga catchment should not occur as the modeling
values of evaporation and runoff are gmificant and are less than calculation accuracy.

CONCLUSIONS

Global climate changes influence natural and human systems anddartemdencies in the lang-h
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 ecosystens-and moi
ture regime fo different epochs in the past. Now we have made first attempt to use paleoclimatic reco
struction to predict the hydrological regime with expected changes of climate.

The temperature and precipitation anomalies have been compared fe2Q@®and the Hocene -
timum. It has been concluded that quantitative estimates of the air temperature and precipitatiog- agree b
tween themselves for the Caspian Sea bdsinzenkova, Lemeshko, 2009 means that the climatiqe
timum of the Holocene should be used tfee near dture 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 of1P830(mean glo-
al temperature anomalies was 0@y and 19781995 (mean glodaemperature anomalies was 0GP
behavior of the Caspian level was opposite. Duration of the C8&ludition periods is compatible with the
duration of the circulation epochs. The atmospheric circulation is an important forcing phenomena of cl
mate (preipitation, temperature, pressure) and hydrosphere (water level in the oceans, seas, lakes, river
runoff) over vast areas, ttebore, the circulation parameters for the remoter past epochs can form the basis

for forecasting the future level of the Caspiaea.
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INTRODUCTION

General rise of the World Ocean level in the 20th century causes-wididdconcern on its impact on
oceanic coasts. Predicting this impact is hampbsethe slow pace of sdavel rise in the past, and the
complexity of coastal processes. The Caspian Sea, having experient@gbkehanges of up to a hundred
times the eustatic rate, offers acceleratedwesld models of how soils behave under seomditions.
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 serlevel changes. The first part of the cycle lasted for 50 years {1928 and was chnacterized
by the retreat of the sea, lowering of the ground water table, and general decrease in the degree of hydromo
phism of the territory. The second phase oftiywe (19781995) corresponded to the rise in the sea level and
the depth of the ground water, and to increase in the degree ofleggfiery of the soil cover. Studying the
geochemical changes in soils and sediments of the Caspian coastal zone focyotelaéthe setevel fluc-
tuations presents a key for the geochemical indication of sediment formatimnments in the past.

MATERIALS AND METHOD S

We have studied geochemical consequences of thiewaafluctuations at two kegites: Turali area
(western coast of the Caspian Sea) and Damchik area (northern coast, alg& e Turali coastal plain
extends along 10 km between Cape Satun in the north and Capelelkkljk in the south, about 20 km
south of Makhachkala, the capital of the Rdjmubf Dagestan. The main part of the coastal plain is formed
by a NewCaspian (Holocene) coastal terrace at ab®Rtm below the oceanic level (Kronstadt gauge).

103



Palaeoclimatic and palaeoenvironmental changes in the Caspian Region

The terrace ends on its seaward side by a fossil cliff about 3 m high, and is separatbd fearby a ¢o
temporary terrace which includes a narrow coastal strip, a lagoon, and the-gegseoastal baier. It is
the modern terrace that the effects of the recenteseh cycle have been monitored. The field investig
tions at the Turali sit were carried out along a crasection (150x400 m) near the Turdlifish factory
stretching from the NexZaspian terrace scarp to the sea shore. The-seation was studied in detail,
including the coastal morphology, soil cover, vegetation succeasidmeochemistry 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 isltantafdst deltas in the
world, and distinguishes itself from others by its extremely gentle gradient and by the impact of muclp-more ra
id sealevel fluctuations than at those along oceanic coasts (Kroonenberg, Rusétkay, 3997).

In both cases the astal development has been studied by compiling data from existing maps, aeasial phot
graphs, satellite imagery and field data. Sediment architecture has been revealgausthgedrating radar
profiles in Turali and geophysical survey using the Patrartechosounder in Damchik area. This wam¢o
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, malacofautatednd
using AMS 14C techniques on mostlysitu molluskgKroonenberg, Kasimov, Lychagin, 2008). Interpretation
of the geochemical data was done on the base of the landscape ganchpproach.

RESULTS

Our study showed that the environmental divgrseftthe coastal zone essentially depends on tlse Ca
pian Sea level fluctuations. Along accumulative shores the sea transgression gives rise to geoiinorpholog
cal, lythological, soil, biotic, as well as geochemical diversity of the coastal landscapes. CEhisad by
inundation and watdogging processes, with a corresponding rise of the groundwater table, and also s
multaneous vigorous development of vegetation in ndaldgned hydromgphic and semhydromorphic
areas. On the contrary, the sea regressiadslenainly 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 bylévelstactuations. Regse
sive stages associate with a weakiability of geochemical environment ietBments and soils. They are
characterized mainly by alkaline oxic conditions, and salinization as a leading geochemical process. Ge
chemical diversity of the coastal zone during $gressive stages is much high€onditions vary from
neutral to highlyalkaline, and from oxic to highly unoxic. Newfgrmed geochemical processes are-pr
sented by sulfidization, gleyzation, ferrugination, organic matter accumulation, and salinization. They
cause a foration of variais 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 sedisneAmong them the lagoon dejis were found of the most
interest due to controversial opinions on their formation. Apjitin of geochemical methods gave us an
opportunity to clear up some arguable questions. We used a ratio Fe/Mn to indicate cooditiena-
goonsediment 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, siremanganese migrates quite actively and accumulates in a rather high extent at ge
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 offeneict for Mn is mush higher.

New-Caspian complex described in the outcroplli@ canal TurakSulfat (Fig.1) ncludes sandy layer
of the recent coastal bar (samplesIF81i TS-1-03), lagoon sediments (samplesI-841 TS-1-05), and
a buried soil (sampk TS1-061 TS-1-09).

Bulk value ratio Fe/Mn in a sandy layer is about 40, which is quite typical forGhspian sediments
and close to the ratio of clarks of these metals in the earth crust. The ratio in lagaosits e found
much lower: 1620. Acording to data obtained for the present coastal marsh zone satib mdicates
low salinity of groundwater in a strip adjacent to pakgoon. This fact was interpreted as aidewce for
more humid conditions in the area during a highstand of thei@@aSga about 2600 BP (due to results of
AMS-dating of livalves found in the lagoon sediments).
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Further research in Turali area and adjacent areas of Dagestan Republic confirmed these relationships.
Lagoon layers in NevCaspian sediments from outcrops of Big Turali Lake and mouth of $buga Rv-
er showecenrichment 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 lin the Vo
ga delta. It can be shown on example of Core 11 drilled in October 2006 to the depthngtriesd Che-
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 similarcg¢ochem
conditions of the sediment aguaulation in both areas during the Né&@mspian highstand when the sea
level reached25 m.Analysis of data obtained for sediments samples from holes drilled in Damchik area
presents different possibilities for the geochemical indication of paleoenvironrfdrassgcial 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).
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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 lan
scapes, since regression leadsdoréase of the coastal environment variability.

The sedevel 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 coas&thgeoch
ical structure, since sdavel 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 sedevel fluctuations presents a key for the geochemical indication of sedforenation enviro-
ments in the past. A number of geochemical ratios can be applied for the geochemical indicadion of p
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. D
ta on this regression was first publisi®dZhukov M. M. Its traces in the form of specific erosivedian
forms (such as the Ural furrow) were dditghed at the bottom of the Northern Caspian Sea. The age of the
Regression was defined as pHEsivalynian, the amplitude of levebgession is up t82m 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 tivas mul
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 ab&®m,-70m and-90m abs. [Mayev, 2006, 2009]. In this
paper, the lithological features of tMangyshlak bottom séchents were considered, and their relationship
with climate change wassatiussed.

STRATIGRAPHY AND LIT HOLOGY OF BOTTOM SED IMENTS

The characteristics of the condition during the Mangyshlak period outlined here are based orythe anal
sisof materials in the structure of the p@an Sea sediment cross sections. More than 150 sediment cores
were hvestigated.

Long sediment cores, lifted from the bottom of the Caspian Sea with the help of kiogeapid direct
push sand samplers, showedhalti-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 dete
mined by changes in sedimentation conditions, first of all by cyclical natgea |gel fluctuations.

The cross section contains lithologically different layers formed, of course, urd¢argially different
sedimentation conditions. Lithologic isolation of the layers has appeared to bgesunsver a large area
of the botom of the South and Middle Caspian Sea, idiclg the shelf and deepwater areas. This made it
possible to take lithostratigraphic principles supported withreeladion of sedimentation stages with a
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known sequence of the major general Caspian paleogdugravents as the basis for stratigraphicipart
tion of the cross stion of the Caspian bottom sediments.

Within the exposed part of the cross section, four layers-(hor
zon) are marked out, sigicantly different from each other by
their lithological composition.

The top horizon folded grey higkcarbonate silts with shells
of Cardium edule L(= Cerastoderma lamarcki, C. glaum in
the shallow partef the shelf, has the medium and fatelocene
age (Qnk). This horizon corresponds with the fl@aspan trars-
gressive poch. The main feature of né€gaspian sediments is the
significant content of chemical calcium carboriag3 times more
than in the underlying older seaents.

The underlying second horizon is comparable with tha-Ma
gyshlak (early Holoene) regressive stage,(@). Its lithological
differences were most clearly m#asted in the cores, taken on
the shelf. The main feature is in the coarsening of the grasulom
tric composition of bottom sediments, right up to thpearance
of inclusion d gravelpebble material, which are weatheredlshe
== ly detritus. There are also traces of erosion of underlying sed
i b——f-—3 ments. All these features match well with thereleteristics of
Fetradrs y the regressive basin: lowered level and reduced depths, di
] / placement of theaastline, etc. In the cores taken on the shelf,
e the joints of all Mangyshlak interbeds with underlying androve

mn E 1 lying sediments are sharp, rough, and this indicatetinc@lly
repeated erosion processes, and possibly, redeposition ief sed
- L2 2 ments.
] The abovdeatures, together with the coaigmined comp-
1 L ‘\ — 3 sition of Mangyshlak sediments indicate the predominance of
[ A high-energy conditions in relatively shallow water withtize
T j: wave impact on the bottom during their accumulation period. The
ey i 4 depth of the sea dung the formation of Magyshlak sediments
() ——| &=k- was several tens of meters lower than in the same places today.
a The considerable scales of regression are suggested by the
_____ b fact that changes in the structure of sediments, including-an i
_ _ _ crease in their coarsenesg apparent not only on the shelf but
Fig. 1.Cross section of bottom sediments 5154 in the deeper parts of the Middles@lan and South Caspian
the Caspian Sea (core No. 101, weste basin. Within their limits, the influence of the regression had an
South Caspian, sea depth 406 m) | C e . ) .
Oi & Of; contentpi content of aleuritic  IMpact in the sbstantial change of the ratio of pelitic and aleuric
fraction 0.2 0.01 mm;17 clayeysilt; 2i  fractions of depsits causing a significant increase in the prepo
aleuritic clayey silt; 3 law-calcareous  tjon of aleurite (fig. 1).
clayey silt; 4i calcareous clayey silt Also a feature is the relatively low carbonate content ofi-Mla
gyshlak sediments. It isgificantly lower than the carbonate content of the-@aspian sediments, but
much highethan the underlying upper kilynian deposits.

A special feature of the natural conditions of the Mangyshlak epoch was not only the extremedy low p
sition of the sea level, but also the presence of an additional source of entrance of terrigenousyi@uvial)
terial from the eastern coast of the South Caspian into the itbalogical features of sediments and the
distribution of their thichness indicate this. Apgatly, this source could be the ancient Uzboy River. In the
preceding (lat&khvalynian) and desequent (Ne®&aspian) 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 basins{fy.), the most deewvatered among thenes cosidered, and this is due
to the thin mechanical composition of predominantly pelitic ¢algareous deposits

o 0 . 20 . 40%

Neo-Caspian horizon

Mangyshlak
horizon

)

L=l
Upper Khvalynian horizon
|
I |
|
l
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RELATIONSHIP WITH CL IMATE

It should be noted that the composition of sediments of the studied part of the Caspian Seaebottom s
diments isa clear proof of the connection between a change of transgressive and regressive stages with
changes in climatic conditions in the Caspian Sea basin. Seatakfeof the Caspian bottom sediments
are subject to climate. We shall consider only two efrth calcium carbonate content and the composition
of palynological spectra.

First, attention is drawn to a noticeable change in the @mm t o bn the ®axders of Mangyshlak
layers with the underlying upper khvalynian deposits and especially sharp ¢haitgehe overlying neo
caspian (see figure). The close link with climate beadngt r at es from | andgisto sea
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 sed
ments of cold polar seas, and at the same tined, 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 chiézadtby fairly
cold climate. A {contentin®anbyshtakdeposits, foraned deritgdhe early stages of
the Holocend preboreal and probably boreal period with their relatively harsh climatic conditions and
only had began with climate waing.

A much sharper, spasmodic increase in the carbonate content of sediments is observed at the border of
Mangyshlak and ne@aspian layers. This leap is associated with the onset of the Atlantic period about
eight thousand years agjd he Hol maéhe ©oDpti mumd when the climate
more humid. Palynological feature of the upper $beene and Holocene deposits of the Caspian region
emphasizes the climatic isolation of the Mangyshlak stage. Such isolation is clearly eviderstird$hof
our cores [Abramova, Mayev, 1974]. In the upper khvalynian aneCaspian deposits underlying and
overlying the Mangyshlak layers, spguellen spectra at the prevalence of herbaceous plants pollen still
contain a significant amount of polleri wee species. This suggests a significant involvement of forest
coenoses in vegetative cover, which points to a relatively cold and humid climate. In contrast, the palyn
logical spectra of Mangyshlak sediments are characterized by almost complete abgmsiten of tree
species and the absolute dominanceq®%) of herlaceous 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 dization of climate during the era of the Mangyshlak regressive basin.

CONCLUSION

Consideration of some features of the deposits of Mangyshlak horizon enabled us to clarifasome p
laeogeographical features of the relevant epoch, including the positpaeaievel ancient regressiva-b
sin. Of particular interest are columns, taken on the eastern shelf near its outer edge in the zone of reduced
thickness of ne&aspian deposits, where lithologic isolation of the Mangyshlak layer deposits is most
clearly ponounced.

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 r
gression and before the first stagehaf heeCaspian transgressive basin, there were very high rates of level rise
T an average of about 20 centiers 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 C&saian the second half of the lasttoey.

These discovered features of the Mangyshlak sedimentation conditions and other epochs of the late
Pleistocene and early Holocene strongly indicate a causal link of transgesgisesive sebevel fluctua-
tionswith a distinctly pronounced climate change.
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INTRODUCTION

Upper Pliocene (the Akchagylian) deposits are widely distributed within the southeastern part of the
EastEuropean Plaifi egecially in the oil and gas province such as the Nortkeens pi an Begi on.
nomic activity, including environmental protection and management within oil and gas fields, reqotres ge
logic and palaeogeographic studies, the prediction of environmental changes and the discovery of analogs
for the latter. Amongst thearious @laegeographical methods, pollen analyses play an important role since
they provide the infomation on the flora, and vegetation and climate changes. The purpose of this paper is
1) to present the Late Pliocene (the Akchagylian) stratigraphty g)ovide the complete inforation 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 withsthe tran
gressions and regressions in the pai@aspian.

This study uses material from the east of the Northern Caspian Region (between the Ural and-Emba ri
ers), where the palynology of the Akchagylian has been studied very little (Fig.1).

Ivdn

1 - Eastern Precaucasus

2 - Ural-Emba area

Fig. 1. The Northern Cgpian Region

STRATIGRAPHY

Until now the stratigraphic status of the Akchagylian has not been properly defined.

A threefold subdivision of the Akchagylian is the most widely used. In this work, palaeomagnetic
boundaries are used to define the Upper Pliea@nd the Eopleistocene, in acance with published data
(Nevesskaya et al., 1984; Pevzner, Vangengeim, 1986; Trubikhin, 1987; Nikiforova and Alekseev, 1989).
The base of the Akchagylian is at the boundaatyben the Gilbert and Gauss paleomagnetierviais, at
around 3.6 Ma; the Kchagylian/Apsheronian boundary, is at the top of the Olduvai palaomagnetic episode
in the 1.64i 1.66 Ma intervals.
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According to the new stratigraphic framework for the West Europe by Cita et al. (1999) the base of the
Pia@nzian of the Mediterranean is located at the base of small scale carbmtaté7cof Punta Piccola,

Italy, which coincides with the Gilbefsauss boundary at 3.6 Ma and with the base of the Akchagylian of
the Caspian region (Naidina, 2009).

The base ofhe Gelasian of the Mediterranean starts at stage 103.20 ka above théviatyssna
boundary, at 2.589 Ma and also corresponds to theAkttiagylian of the Caspian region. Suc et al.
(1997) proposed that the RlRleistocene boundary be moved back to 2t&@ Ma horizone (Gauss
Matuyama boundary).

MATERIAL AND METHODS
Cores from several boreholes drilled in the HRieistocene deposits in the Uinba area from the
east of the Northern Caspian Region were provided by the geological survey team fkargddmsk ge-
logical exploration expedition. Well material has been described and chaetfaunally.
Pollen grains were separated using a cadmium solution according to the method of Grichuk, followed
by acetolysis using the method of Erdtman. Idamtion and counting of pollen were undertaken on a
iLaboval 6 biological mi croscope at a constant magn
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 thErdibal area. At around 3.6 Ma
and prior to 2.6 Ma two main pollen assemblages are recognized: a steppilage with pollen from
xerophytic Chenopodiaceae, and a forest assemblagiinated by pollen from various pines and elms.

At around 2.6 Ma, pollen assemblages are distinguished by the growing influencesefaiga pollen
species, and they correlate with the tAkchagylian pollen assemblages from the deposits of the §kdin
beds in the west of the Northern Caspian Region (Kovalenko, 1971) and in the Eastern Precaucasus (Naid
na, 1999) (Fig. 1).

From 2.6 Ma to 1.6 Ma pollen assemblages differ in containing more diverse pollen coniferous and
broadleaved trees. At around 1Ma deposits are characterized by uniform pollen assemblages waeth a d
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 ahixed forest and a Mediterranean area of steppe (Nevesskaya et al., 1987). During the
Akchagylian there was succession of changes in the relationswpseln the geographical elements of the
flora, and the role of thermophilic elements decreased.

The man types of pollen assemblages in the Akchagylian deposits of theEbitad area reflect forest,
foreststeppe and steppe landscapes. Phases of development of the vegetation hawdmzad,ethe
alternations of which reflect fluctuating climatic comalits. Periods of forest vegetation corresponduo h
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 UraEmba area had a foregipe of vayetation. Pollen from paholarctic geographical groups
(Picea, Pinus, Abies, Alnus, Betula, Salix, Juniperus, Cornus, Myrica and Rhamnus), AiBerigasiatic
groups (Corylus, Fagus, Quercus, Tilias, Ulmus, Acer and llex), and also areas with subtiepieals,
show that the climate was moderately warm and quite humid. The early Akchagylian forests were-charact
rized by the maximum diversity of arboreal species. Representatives of AriglechiierranearAsiatic
(Castanea, Juglans, Pterocarya, Zelkaveltis, Rhus and Liquidambar), AmericBast Asian (Tsuga,
Carya, Nyssa, Liriodendron and Magnolia) and East Asian (Keteleeria and Sciadopitus) geographical
groups are present.

A cooling trend is present in the mikchagylian. This is demonstrated by renous types of conife
ous species, the occurrence of fotteagga forms, and the reduced of tephilic elements.

Towards the end of the miflkchagylian a tendency towards a more continental, ainida¢k is noted.
Treeless landscapes developed. The baunof the late Akchagylian marked an increase in aridity. This
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is shown by the development of sparse-paide forests and teless landscapes. Apparently, on the flat and
gently undulating plains between rivers, there was a predominance of xerophydgsgrad undershrubs.
Sparse forests grew on the slopes of river valleys.

The late Akchagylian and early Apsheronian times were characterized by an intensification ofithe cont
nental climate and an increasing aridity. Xerophytic Chenopodig&gamisia stppes landscapes ped
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 pafzaspian were dumainly to the influence of climaticda
tors, which had an even more immediate influence on the vegetaticordinhg to Sidnev (1985), the first
stage of the transgression occurred as early as the Kimmerian. Later, in the middle of the early-Akchag
lian, the transgression spread, and the treeless landscapes of the earliest Akchagylian were replaced by fo
est landscapes. Brodehvedconifer and pine forests dominated, with elm, tsuga and relict turga flora. A
boreal flora of this type indicates a tempenatirm and humid climate. During the second stage, thte Ak
hagylian transgression reached its maximum. It occurred in the second half of tA&aiédyylian, &-
tending to the north, ndrtast and west. A general cooling on the adjacent land led to thehgrbfarest
taiga sprucepine forest with tsuga and fir. The zone of forestia 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 lategikah. The late Akcl
gylian regression was related to a decrease in humidity. This led to the development of a treplegscxer
vegetation. In the Caspian region the Akchagylian/Apsheronian boundary generally represgnetssave
stage of the marnbasin.
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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 regre
sions correspond with a more arid, continental climate witlepstand semidesert environment. Adeor
ing to the pollen assemblages, the types of vegetation cover varied from steppe during periodssef decrea
ing marine influence, to foresteppe and forest during transgressive episodes. The changing vegetation
cover vas 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 Akchiagyis thought to have lasted for 118 Ma, the change
occurred approximately every 623 Ma.
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CONCLUSIONS

The main conclusions of this study are:

T paleogeographical analysis of the arboreal flora shows that throughout the Akchagylian, there was a
suaessive reduction in the proportion of thermophilic elements;

T 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 thapd®mt of treless landscapes;

T the first cooling was at around 334 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 236 Ma, corresponds with theeginning of the mieAkchagylian and the
Gauss/Matuyama palaeomagnetic inversion; the maximum stage of the Akchagylian transgression occurred
and coniferous forest landscapes developed.
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CYCLIC DEVELOPMENT O F THE QARA -SU RIVER DRAINAGE
NETWORK IN RESPONSE TO CASPIAN SEA LEVEL
FLUCTUATIONS IN LATE QUATERNARY
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Department of Arid Zone Manageme@organ University of Agricultural Sciences and Natural Resources, Gorgan,
IRAN Postal code 491385749. Email::mownegh@yahoo.com, Fax: +98 171 2225989
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INTRODUCTION
The QaraSu River basin is located in Golestan Province, northeast Iran. Its topographic relief ranges
from +3204 tai 28 m and trends toward the west. The basin has a south side asymmetric drainage network

113



Palaeoclimatic and palaeoenvironmental changes in the Caspian Region

along 60 kn and drains more than 1779 %wof 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 especiallythvdeltaic system such as Volga River and Goiidgund River) lies
in the CSL fluctuations in glacial and interglacial periods, a mygaterphenomenon that does not easily let
itself to scientists.

Instrumental records of sea level change reaches bagh®m@B37, 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 Tectacio 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 poss
bly even-113 m in the early Holocene (Kroonenberg et.,al ,2003). In spite olusanizertainties in da
ing, the frequency and magnitude of these fluctuations are well documented by raised marine terraces,
coastal fixed sand dunesHErs,1971; Ownegh, 1999), fluvial and eolian sediments(Ministry of power and
water, 1970), and fossihslls ascardium edulg(Yasini,1981) in the Gorgan Plain and Alborz foothills.
Similar evidence has been reported from the other locatities of the Caspian Sea coast sueRamkara
Gol Gulf and Volga Delta (Gasse, 2001; Girant, 2000; Varushchenkq 20@0) and Kura Delta (Ko
nenberg et.al, 2003).These excellent environmental archives allow the reconstruction of thedasiso
of the Caspian Sea coastal geomorphology.

The drastic oscillations of local base level has severely affected the geologipal work and spatial
configuration of the QSRDN which contains 9 namely-babins. 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 configuation and synergistic effects of the Alborz Mountain direction, active Gorgan Fault strike,
presence of long narrow tectonically controlled Gorgan Bay (Dickerson, 2000), and the continuoas fluctu
tions of the CSL.

At present this area is known &sQ a-Swal o wl a ardl £antains 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 iate Quaternarysing available data.

ASSUMPTIONS

Due to the spatial and temporal nature of the subject, and mutual reaction of tectonic activitg-and Ca
pian Sea eustasy in the region, this research is based on the following assumptions

2.1. The drainagbasin morphometric adjustment to the sea level changes can be reconstructed by the
chrona 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 complicatectirestruction of the past sea levels and
their evidences in regional scale.

2.3. Curent 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 Caagiign B

2.4. Reconstruction of the river drainage network development for the last ooyl or regression
of the Caspian Sea from +15it®88 m during the 45000 BP.

METHODS

Considering the morphohronological nature of subject, this research was accomplished by a aembin
tion of the present data and documents of the CSL fluctuationsgditmnWurm 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 (cori®yatEmdmo-
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 +20,810-15-20 m that are very close to critical sea level points of stream bjanttions.

114



Palaeoclimatic and palaeoenvironmental changes in the Caspian Region

Turkmemsran

!

%\ o ’ N % '
R3]
“ 3
= & /
N g % Turkmenistan 5 o g
. % . = "Gorgan-Rud River
QO 7 2 .
. O g
o 2
Gorgan Gorgan BAY 2
IRAN = ¥
Alborz Mountain )
Fig.1. Location map of the study area Fig.2. Topograpy of the Gorgan Plain

Miankaleh
Peninsula
sand spit ¥ _

Fig.7 Drainage network at —15 m Fig.8.Drainage network at 20 m

115



Palaeoclimatic and palaeoenvironmental changes in the Caspian Region

3.3. Determining the tributary junction points elevation (I to X) to the main stream as effectivetand cri
ical levels in the evolution of the basin drainage network using 1:50000 scale topographic map. &or the d
tection of the QaraSu maingteam 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 & an indic
tor to a tributary junction (in se&gression) and separation (in seasgression). Basin drainage network
mapped at diffeent critical sea level with separation of 9 sdsins (Fig. 4).

3.4. Selection and calculation of 10 hydm@omorphological additive parameters(A,P. W1, W2, W3,
W4, W5, NW, L, Ls) that play key role ithe reconstruction of the river paldoainage network under the
known global and regional eustatic trends (Ownegh,1992)ei®wf subbasins were closed at the junction
points to the main stream so that in several cases lead to consideratibasintareas 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 ) in grasefpeandnormalised 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 andisedwvalues, and testing
their statistical differences by ebguare method.

RESULTS AND DISCUSSION
This study has resulted in several key hydf@omorpholoical 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 tiine, ampl
tude, duration, rate, and number of regressions and transgressions and really regdrding ®p a-an P
I i mp snePristacenand historic time (Ownegh,1997).

Interpretation of a relatively comprehensive curve shows that the water level of the Caspian Sea has
been experienced a typical quagclic 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
450500 years is equivalent to 7 m (Fig.9, (CEP, 2002).

Table 1 Variations of the Caspian sea level during Late Quatermnary
{Sources:Derhyshire and Goudie,1997:Golubev, 1998%)

Critical Number of| The cldest|the newest{ A fime of |
sea level |occurrencd YEP ** YEP OCCUIrence
+ 25 1 45000 45000 45000

+ 15 1 44500 44500 44500

0 g 44637 14284 3373

— 10 12 44280 11250 2752

- 15 7 11540 7220 617

- 154 11 11500 7242 388

— 18 16 11462 5322 428

- 18 12 11422 BO42 448

- 19 12 11362 5802 455

— 145 13 11342 2560 676

- 20 14 11322 2600 623

- 23 21 11220 320 218

- 28 LS 1080 20 415

— 24 4 5272 1442 958

* 42510 -10 m from Derbyshire and -15 to -34 m from Golubey
“* Year Before Present
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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 e¥&8 m in the early Holocene and the last
major highstands occurred 2600 BP and 300 BRh Bighstands coincide with worldwide periods of cool
and wet climates, marking the beginning of the Subatlantic and the Little Ice Age respectively §Kroone
berg et. al, 2004, Fig.10).

According to the available data the CSL has never been stable asti4®000 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 documented28 m for almost 6000 years from 28500 to 22500 BP (Table
2 and Fig.9).

In the Gorgan Area there are several reliable meggttimentological evidences to the at least 4 cycles
of the CSL longterm catastrophic fluctuations in late Quaternary (Ownegh, 1991).
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Sea level changes effects

Longterm, erratic and successive ngas of the CSL in the late Quaternary have had direct aid ind
rect effects on the hydrgeomorplological evolution of the Qar8u River basin that can be divided in
two different patterns:

T Slow effects on the geomorphological work of rivers, includihgnges in normal and backward-er
sion, longitudinal and cross profite streams, alluvial fans, deltas, flood plains, marine terraces, coastal
sand dunes, and sequences of marine and continental deposits and related coastal undergrounid water aqu
fers. At current sea level raised period, under the severe sea storm waves brackish water pgnetrates u
stream up to 3 to 4 km and causes a submerged temporary condition on the river mouth and delta.

T Rapid effects on the spatial pattern of drainage networlydima) changes in drainage pattern, stream
junction and separation, and numerical value of the hgdommorphological (physiographic) parameters
especially between successive critical sea level or tributagigarpoints

. T According to available isobatimaps, the presemay Gorgan Bay with maximum depth of 4 meters
ati 28 m sea level (Fig.3) has driedi&2 m several times, and probably the follower extent of th@-mai
stream of Qardu River changed drainage patterns of the basin as an indicatioi afent Qara-Su
River B a s iornt®last generation.

T The number of sea level repetition in the late Quaternary varies from 1 at +25 m and226rat
(Fig.3-8). Therefore the total number of branch junctions and separations were 1(Gharmabdasht at +15 m)
ard 21 ( Zavardasht &t23 m) .

Table 2 .Extreme rates of the Caspian sea level fluctuation during
late Quaternary( last 45359 years)

Sealevel | Start End l Duration H Rate State *
{m}) YBEP YBPF year | mm mm Y

+40-26.5 45354 7 45352 66500 1.466) Multi--cycles , R
+40 — 20 45359 435749 1780 60000 33707 Mono--cyele | R
-9 -3z 8360 G680 1680 23000 13.69)  Multi--cycles . R
—12— 32 G720 5820 900 20000 22.222]  Multi-cycles, T
~21-32.5 3642 3522 120 11500 95,833 Mono--tycle R
-24.5 ~25 25572 22489 6073 500 0.082]  Mono--cycla | T
-29.2-26 5 24 i 18 2700 160 Mono--cycle | T™
* R = Regression , T = Transgression " The last episode of sea level rise

Drainage network development

T The evolution of the QSRDN has taken place under the very sensitive miegpbisical conditions
and complex eustasy of the Caspian Sea in late Quaternary, so that the QSRDN connectedrand dis
nected several times during last 45000 years.

T Following the regression of the Caspian Sea (ancient Gorgan Bay) at +25 m, ribieeaai of Qara
Su River gradually developed on the graben bed of the Gorgan Bagaived new branches from the
northen slope of the Alborz Mountain at critical sea levelvations. 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 Baydtiies 4 and 5). Thmaximum extending of Gorgan Bay in a more distinct
long narrow shape has occurred s m in about 700 BP and it was possible to spreading at led4l to
even without the formation of Gorgan ( Miankaleh) sand Spit.

T Successive regressions and traasgions of the Caspian Sea during the late Quaternary resulted in
successive junctions and Separations of the 9 tributaries to / from the mainstream

T Vertical distance of critical points vary between 30.5m (class A) and 0.5 m (class B), and ikeir hor
zontal distance vary from 9.96 km (class D) to 0.42 km (class B) Table.2), that affect severely tae norm
lized rates of parameter variation.

T In a continuos regression model of the Caspian Sea (or a complete cycle f@uXaain), the first
and latest tbutary (respectively at +15 an®3 m) has connected to the main stream between 44500 to
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2600 BP (Table and Figure ). Therefore, at least for the laglete cycle the branches junction time and
development rate of QSRDN can be dated by the CSL stages.

T The erratic and rapid morphometric changes in the basin drainage network has taken placeiat the crit
cal sea level or tributary junction points from +15 &8 m. Above and below +15 m there were many sub
basin internal changes (Figure). Over the +1%lhpf the 9 trbutaries (or sulbasins) 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 ende&2Ban through passirigl6, -18,-19-19.5
,-20,-22 m respectively. The effects on the drainage network above the +15 m and even above each tribut
ry juncion point can be termel S ublsins internal evolution”. The most outstanding of them are fgr e
ample the junction of two masireams of the Ghazmahleh (at +143 m) and it (at +19 m) sdbasins
(Fig, 112).

T 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 rivébeasitmated almost 45000 years.

T 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 9bssins (with direct junction to mainstream) is
different. Ati 23 m as the latest junction point the rank order of thebsigins are as: 5,3,1,2,4,6,8,7 ,and 9
respectively (Table 3).
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Fig-11.Qara — Su rjver drainage network, sub-hasins and location of
tributary Junctions at different sca level {between +15 and —28 m) and
time ¢ historic period and Late Quaternary)

T The 9 subbasins of the Qar&u River can be divided to eastern and western grawpsding to their
hydro-geomorphological fpperties and contribution to the related changes in drainage network in the late
Quaternary. The eastern shasins including 1, 2, 3, 4 and 5 are much larger and effective in comparison
to the western subasins including 6, 7, 8 and 9 (Fig.11, Table 2).

T The average rate or acceleration of the CSL fluctuation for a continuos regression or transgression (multi
cycles) between +40 i®26.5 m is 1.466 mm/y. The rate of latest seallése (monecycle in 19781995) is
150 mm / y (Table 2). Therefore tt@mporal mgphometric 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 geograghtdalution of the sulbasins.
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I The differences between branch junction effect in gross and normalized values indicate to differences
of two successive critical sea level elevation and fyetamorphologicalignension of branches that can be
related to rat and date of sea level changes (Fig.12).

Table 3 Measures of hydre - geomorphological parameters of the Qara-Su river watershed at different eritical levels of the Caspian sea

[Criti. Leve] | T m 1] v VI il Vil X X

Parameter] + 15m | -155 | =16 —18 - 19 | -195 | - 20 ~22 |-23 |- 28
A" 247| 4515 G40| B80S 1330 1453 1538 1724 1777 779
P 70| 1258|1474 153 183 86 94|  206.4 208 2093
Ge 706 165 1.63 146 T4 136 1.38 137 138 139
T 51 ] 123 158 529 240 243 247 251 51
Uz 15 19 29 a7 54 57 58 = B0 80
5 g B g 1 16 17 17 17 17 17
U4 1 1 z 3 4 i i 1 4 4
U5 ] 0 1 1 1 1 1 i 7 1
Nu 72 o5 163 207 303 38 322 377 332 337
Rb 3.8 428 304 356 39 385 396 3.07 3.08 3.08
s 285 52.5 62.9 713 89,1 910 94.1| 1035 1059 108
L T786] 2734 4502 6157  9364| 1007.8] 10484[ 10847 1134] 11357
Dd 0.72 0.62 071 071 0.69 089 0.68 063 0.64 163
St 0.08 021 0.25 0.24 0.02 021 02 019 0.18 0.18

* A=Area, KMA2 P<Primeter. KM ; Ce= Compactness coefficient(pasin shape) ;U1 ta U5 = Number of stream qrder 1 to order 5;
Nu = Total nuraber of streams : Rb= Bifurcation ratio ; Ls= Length of main stream, KM ; = L=total length of drainage network
Dd= Drainage density , KM / KMA2 ; 5T = Stream frequency , Number of stream per KM~2
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Fig.12.Qara-Su river main stream bed longitudinal profile and its tributary junction points at different critical sea level.

T The differences of successive critical sea level or branch junction elevation are meaningful at 0.01
confidence level.

T The variation in the amount of key parameters (except of Ls) between succeskiat sa# level
were different and significant at 0.01 and 0.05 confidence level (Table.3).

T The differences of parameter average changes between critical levels are considerable ati-0.01 conf
dence level, so that maximum and minimum of them have beer{(jim&ion of Ziarat at level of 1ll or
16m, D (junction of Shastkula at level IV ©t9 m) and H (junction of Zavardasht at level IXi@3 m)
and A (junction of Nomell at level Il 0r15.5m) critical level classes in both gross and normalised values
respectively (Tables 2 and 3).
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CONCLUSION

The complete cycle of hydrgeomorphological evolution of the QSRDN can be reconstructed by the
simplification of the very complex eustatsy of the Caspian Sea in late Quaternary (in last 45000eyears) b
tween +15 and 28 m critical sea level In this proposed model, Garmabdasht river with diversion to the
west at + 15 m (was not able to reach to Goigad River mainstream) has established the first generation
of the QSRDN in 45000 BP.

The initiation of the mainstreamrndhe 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 gr
dual formation of the present day QSRDN.

In comparison to southern tributariese tinainstream of the Basin is very young (younger than almost
45000 years). In addition, the youthfulness of the establishiment of the currenS@é&asin can be
counted as an exceptional case in the entire Caspian Basin.

The sensitivity of the QSRDN arits coastal geomorphology to the quagclic fluctuations of the
Caspian Sea level is very high.

Spatial and temporal variations of the hydomorphological evolution of the QSRDN in relation to
the morphometry of the stiasins and the fluctuation tife 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 ®dnastal countries byf-o
fensive strategy) that will result to drastic changes and a retsbgeepartiali cycle in the development of
QSRDN (separation and independence of the last 2 tributaries , Zavadasht and Ghazmahahleh ) and coastal
geomorphology gxecially around the Gorgan Bay.
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SEDIMENT WAVE S OF CASPIAN SEA ASSTRATIGRAPHIC
EVIDENCE OF LEVEL CH ANGE
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P.P.Shirshov Oceanology Institute, RS&pu@ocean.ru
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INTRODUCTION

This paper focuses on structure of the Pleistocene and Holocene sediments of Central Casman (depre
sion between Mangyshlak and Apsheron Thresholds). Data used is akbajtition singlechannel ses-
mic profiling systems with vertical rekmion from 23m to 0.2m. In general, sedimentation processes in
the Central Caspian are controlled by bottopography, especially morphology of continental slopes, and
sources of sedimentary material (rivers runoff first of all). The steep (first d@gvestern slope is a pat
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 Volgaral Ural rivers, which have great water output but less suspended material. The
main peculiarity of the Caspian Sea is its rapid lebelnge which results in rhythmic sedimentary farm
tions of different scale: several generations of sediment waves orrmegislige, regenerative channessy
tem on the west of Mangyshlak Threshold and repeating creep formations on its east. All these formations
have several internal unafermities, which can be traced on seismic sections and are therefore regional.
Such patter 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 investigatia [1]. Due to two deep drilling sites (PRVand Central) it is possible to refer the
acoustic sequences to lithological ones and to the regional stratigraphic scale and absolute ageeSuch corr
lation proves the horizon between R1 and R2 to be one ddirttpest regional stratigraphic markers. Itiind
cates the most dramatic Caspian regression of last 1 min years, the Turkanian one (occurred -about 600
700kyr ago). The second horizon, between R2 and R3, marks the most dramatic transgression of the whole
Caspan history, the Khvalinian one (occurred about3BByr 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 neverizela whole they obviously separate differenssei
moacoustic units and can be referred to transgression and regressionmeeniso The geological age of
these regional units can be identified from synthetic intesgpoetof local units.

LOCAL FORMS AND SEQUENCES
Derbent sediment waves

The local sequence on the western slope of Central depression consists of several generations of sed
ment waves, interbedded by acoustically transparent layers (Fig.3). The whole sequence has a form of a
wedge and is sittad 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 200km x 30km). The
field has been developing during last 700kyr, and occupies Regionar®egu?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 thecoast here). The material supply is very good, thus occasional trigging frorasGsiis
responsible for regular turbidity flows. On the other hand, there are bottom currents of complicated pattern.
Erosive or accumulative effect of the currents dependseanievel. Nowadays (transgression) erosion is
occurring. The pattern of local unconformities and wave pattern of seismic sections clearly represent tran
gressiveregressive cycled={g.2). Geological and absolute age table is taken from [2].
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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 hessergpra cycle of growing
and reteating of local fan system and its lobes with spectacutsia@r unconformities and lobe bodies,
which clearly correlate with regressions. A dramatic system of channels existdemrbottom relief, and
several paleeghannel systems of flierent age areisible on seismic sections. There are several fields of
turbidity sediment waves on their levees (Fig.2), both modern and paleo ones (average paranieters 100
500m length, 10m height). Sediment waves show different morphology, probably because oécistlyr
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 Ma
gyshlak sediments. Thus, the modernrofe 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 3&lef (2
l engt h, 20m height), which al so .Dbuefpmbigdistance amorsge i S mi C
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 te-be the r
sult of ati clockwise near ktom 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 formatiof. dHeds ar e of ficl assi c:
flat tops, narrow valleys, irregular morphal ogy an
tionso of <creep folds, since there are sever al of
from others. Geological cores show wageturated plastic clay.

Nevertheless, in nearby dedplling site CEN1 the neabottom clays are not so wet and plastic, as
they do not flow into the borehole, so no casing is needed. This can be explaineddsy iohghological
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 70Gigm,be better understood from accurate intesjpost
of high-resolution seismoacoustic data. There are several types of sediment waussii@oee forms)
and a creep zone (plastic deformation forms), which can be used as evidences of different emg&ronm
and sea levels and help to understand complicated pattern obpgedeént 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 Asir8ktsphere 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 aigad of localities from the proximal (northern) and distal (southern) parts of the

14
study area. The results are calibrated &y dates

PALYNOLOGY ASSEMBLAG ES AND POLLEN ZONES

Almost all of the samples selected for study contained rich recoveries ofopalyphs, including
mixed associations of pollen, spores, algae and dinocysts. The pollen floras include several types of tree
(arboreal) pollen includindPinus (pine), Quercus(oak), Ulmus (elm), Tilia (lime) andCarpinus (hom-
beam). Other types includgetula (birch), Alnus (alder) andSalix (willow). The latter can be foundd¥
quently growing at the river margins (levees) of the predaytVolga delta. Pollen from herbaceous on
arboreal) plants occurs frequently and includes Gramineae (ghatespisa( mai nl y col d and dr
plants) and Chenopodiaceae (typically from desert and / emsath localities). Another important group
includes pollen from various aquatic (i.e. water dwelling) plants.

These include open water, floating, types sustP@amogetor(pond weed) as well as rooted forms
such asSparganium(bur reed) and’ypha(reed mace)Seven palynological zones, prefixed DP (Damchik
Palynology), were identified which are further sdibided into eleven sulkones. Most are constrained by

C dates. Furthermore, the zones can be broadly correlated to the palynological climate / vegetation

scheme for the Lower Volgakhtuba study at Solenoye Zaimishche (Bolikhovskaya 1990; Bolikhovskaya
& Kasimov 2008) and also to interpreted transgressinegressive phases of the Caspian Sea (e.qi- Var
schenko et al. 1987).

Zone DR-7

Zone DR7 is assigned only in Damchi where it occurs within a thick interval of reddish sand and
clay. It is characterised palynologically by mainly poor recovery (irughger part) and by the presence of
frequent (mainly Mesozoic) reworking in the lower part. Tree pollen is rare or absent, except forlpine po
len which is locally common.

Sub-zone DR7a frequentPediastrum

Sub-zone DR7b: frequent Mesozoic reworking.

DP-7 is thought to indicate a channel succession with significant downcutting and reworking, so is lik
ly to be represent a period of relative lowstand, although the localised peak of freshwater algae suggests
periodic water flow and perhaps overbank depositi

Inferred age: DP-7 is not directly dated in this study, but it is likely to be mostly, if not entirely, of
preHolocene age. It is likely to represent, possibly, the earliest phase of the Mangyshlak regression (earl
est Holocene) and an older, butdated part of the Late Pleistocene.

Zone DRP-6
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The top of DP6 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-adnoreal pollen. Freshwater algdtediastrun are also locally
common. DP6 is interpreted as a broadly regressive period. Fungal bodies are frequently associated with
soils, or similar sediments where there is an el¢rnésubaerial exposure. In addition, the presence of
locally frequent Chenopodiaceae pollen and freshwater algae, suggests depositional conditionsevarying b
tween sukaerial, hypersaline and freshwater. These would have occurred in the Baer Hillsedfidich
formed during the Mangyshlak regression (see below), which, as at the present time where they are e
posed to the west of the modern delta, probably also had saline and freshwater habitats between the dunes.
DP-6 is assumed to indicate penetratarsediments equalent to the Baer Hills below the modern delta.
They are represented |ithologically, for the most

Inferred age The calibrateé4C date of 8072 BP from the very top of BRin Damchik18) 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 Bmut the regional correlations suggests an earliest Holocene age.

Zone DR5

DP-5 is a very @tinct 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 robssift or sira
lar dry or saHprone localities. Pollen of thephedradistadiyatype, which has a similar ecologicak t
lerance, is also locally common. Samples from®fay also contain low to moderate numbers oflbrac
ish dinocysts, almost alwayspiniferitescruciformis The pollen assemblage indicates a dry climate and
almost ertainly minimal ruroff in the river systems. Caspian sea levels are likely to have been in a brief
period of relative lowstand, withsaltar s h-bud &)t veget ati on extending oV
(similar vegetation types do occur at thesam 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 aiags)goin the brackish
dinocysts

Inferred age: Calibrated14C dates of 8072 BP from just below BBP(in Damchik18) and 7287 BP
in the base of D& (Damchik22) give a reliable age range for the zone-DB likely to correspond to a
shortlived, but seere, dry period during the early part of the Atlantic period.
Zone DR4
DP-4 is characterised by significant increases in pollen from herbaceous plants, Aatsiyisig
grasses (Gramineae) and daish (Chenopodiaceae). Fungal bodies, freshwater dRe@iastrum and
dinocysts Spiniferitescruciformig are also locally frequent. B®is condensed in Damchikand has a
Achannel associationo, wi2l (BubZone®B4dent rewor king, 1in
Sub-zone DR4a: increased grass pollen and fungalibed
Sub-zone DR4b: increasedirtemisiaandPediastrum

Sub-zone DR4c local increas&piniferitescruciformis

Sub-zone DR4d: poor palynomorph recovery with locally frequent Mesozoic reworking.

The overall palynofloras in DR, with frequent norarborealpollen, suggest a largely dry succession,
but with intervening humid e{ons DPdd suggesi areinitilgph a nn e |
riod of downcutting, presumably during a regressive regime. fidrease in brackish dinocysts (sutne
DP-4c) is indicative of a Caspian transgression, with a subsequent increBsdiastrum(sulzzone DP
4b) representing a dilute, freshwater highstand period. The overlying intervadselP4a) suggests a
subsequent regression with increased fungal bodiesded.

Inferred age: DP-4 is well constrained b31/4C ages. The youngest calibrated age (at the top of the
zone in Damchikl7) is 3620 BP and subsequent ages are all progressively older, and therefore probably
reliable. The base of the zone is dated a¥ B8 in Damchik22. The age ranges and correlations to other
sections suggest that zone -BRepresents most of the Atlantic period and extends into the early and mid
Subboreal. It is unlikely, however, that continuous sedimentation occurred at any alitg, land gaps in
the record are therefore probable.
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Zone DR-3

DP-3 is present in all (except one) of the studied sections and is assigned primarily on the increased
presence of warftolerant, broadleaved tree pollen types, suc@aercusUlmus Tilia andCarpinus
(the AQUTC groupod described by BolRedasisumardealsoa 1990
common or abundant. B® also coincides with the appearance-¢eption) of fequent dinocysts (mainly
Impagidiniumic a s p i € ane atss véthdicreased pine pollen and reworking, especially ofdes
zoic dinocysts.

Sub-zone DPR3a: localised increase in Chenopodiaceae (only seen in Darh8hik

Sub-zone DR3b: frequent pollen from broadleaved taxa and incre®setiastrum

The palynological record dicates 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 pre
ence of frequent freshwater algae and / esiin dinocysts. Common rewortteelements suggest mainly
high river discharge.

Inferred age: Calibrated14C ages from Damch# and Damchikl8 give ages of 3388 BP and 3451
BP from the lower part of the B® zone. The upper boundary of the zone is not directly dated but, on the
basisof correlation, probably equates to about 2500 BP (the end of the Subboreapn®ubP3b is sig-
gested as an equivalent of the transgressive Turaly local stage, witbrsulDP3a equating to a regional
sea level fall, although this is not directly eldin the cored sections.

Zone DR-2

DP-2 is present in all of the studied sections and is characterised by reduced nuni@ix pbllen
and an increased representation of pollen from aquatic plants sBdtamogton andSparganiumand
also from grasse(Gramineae). Dinocysts, especiditgpagidiniumficaspienense ( c o mm8@) and
niferitescruciformis(consistent) are also preseRediastrum (freshwater algae) and fungal bodies also
locally common, as are reworked forms including Mesozoic dinocysts.

Sub-zone DR2a: frequentPotamogetomrand / orSparganium

Sub-zone DR2b: increased fungal bodies

Sub-zone DR2c: increasedPediastrum

DP-2 records at least one cycle of Caspian sea level rise and fall, although the complete range of phases
is not presentn all sections. In general, samples with frequent aquatic pollere@eDP2a) andPediss-
trum (subzone DP2c) are likely to represent dilute, highstand conditions, with regressive trends picked
out by samples with frequent fungal bodies (gohe DP2b). Damchik24 has an expanded EXPsuccs-
sion with frequent brackish dinocysts, which is in

Inferred age: More than ¢.1000 years BP, based on consié?é?nages (calibrated) within the range
of 1540 BP (Damchi-21) to 1889 BP (DamchikR4). DR2 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 stuatiBdrs.An exception could be Da

14
chik-24 where calibrated 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

2disaninfi | ed i ncised channel that was initi aI14ICy cut
dates (1706 BP and 1889 BP) from the upper part of the succession must be influenced by sediment inve
sion, slumping or reworking of the dated shells.

Zone DR-1

DP-1 is marked by the common presenc&alix pollen and occurs in the uppermost metre or so of all
of the studied cores. It is largely a depositioraibytrolled zone in that th8alix pollen is a feature of the
levee localities at which most of theres were collected. Fungal bodies, mostly spores and hyphae, are
also frequent and may be a product of modernfeaihing processes. DP relates to the deposition of the
modern Volga Delta which, at least at the Damchik locality, has been in a statibwifding through pr-
gradation during progressive Caspian sea level fall within the last 100 years or so.

Inferred age Not directly dated but assumed to be less than ¢.700 years BB éposht regrasion).

128



Palaeoclimatic and palaeoenvironmental changes in the Caspian Region

DEPOSITIONAL MODEL, ENVIRONMENTS AND CAS PIAN SEA LEVEL

As has been previously postulated (e.g. Kroonenberg et al. 2005), the Volga outflow is contrailled mai
ly by climate patterns (humidity) in the catchment, potentially a long distance away from the delta region.
Other, related, factors include Caspn sea | evel, which provindters t he A
and which is largely controlled by the balance between river input and basin subsidence. Regarding the
palynological data, very precise interpretations of depositional emvént carbe 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 interpreteat as indic
tors of warm anchumid (e.g. broadleaved trees) or cold and dry climates A¢t@misig Chenopodi-
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 baifks/ees) in the lower delta, and the agqu
tic plants, such aBotamogetorandSpaganiumwhich are indicators of open water habitats (reed beds
etc.). Second, are the wathwelling palynomorph types, including algae suctiPaslastrum(freshwater)
andBotryococcustolerant of fresh and low salinity water), and also the dinoflagellatasdysts). The
three main types of dinocysts present kingpagidiniumfcaspienense Spiniferitescruciformisand

Caspidiniunrugosum(see Marret et al. 2004). These arewn to occur in low sality waters close to
the modern delta, and also occur in the more open waters of the Caspian Sea. Furthermore, tigere are su
gestions (e.g. Kouli et al. 2001) that some types, incluiptniferitescruciformis may be tolerant of
fully freshwater conditions.

The basic depositional model inferred in this study is that increased river outflow, from all rivess but e
pecially the Volga, will have the effect of raising Caspian sea levels and lead to predonaggndigh-
tional deposition In this case, the influx of freshwater will make the water bodies in the Caspian and in the
lower deltamore dilute This is shown in the palynological records by increased representation of either (or
both) Pediastrumand dinocysts. The former is in pEgse to increasingly freshwater conditions, and the
latter due to mixing of the Caspian (low salinity) and lower delta (dilute) water bodies PBdiastrum
and the dinocysts are therefore broadly indicativlighstandconditions in the Holocene deltae 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 drjolerant vegetdon communities, such as steppe andsglish in the delta localities.
The overall effect of prolonged dry catchment climates will be a reduction in Caspian sea level, leading to
predominantlyprogradationaldeposition, and outbuilding of the delta. dlldws that the water bodies in
the lower delta and nearby Caspian sea will becocreasingly salineand have reduced overall ciraul
tion. The response in the pollen floras tends to be an increase in dry and-taesasdit types such as-
temisiaand Chenopodiaceae, and other ranboreal types (e.g. Compositae). Fungal bodies also tend to
show increased frequencies in the intervalsetdtive lowstandmost probably due to increased formation
and exposure of soil horizons.

Work is ongoing to integtte 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 dasmiecas®dxDlena) c ol
with the help of impact tube. Core sample length aré6075m. Complex of engeneeruggological inve-
tigations and continuous seismoacoustic forming (CSF) with high resolution [1] was dissected.

RESULTS AND DISCUSSION

Area 1 ranged on ¢éhdepths 37510 m (see fig.1), its western parcomparatively gentle slope area
(up to depth 400 m) in the area pinching out of Upper Pleistddet@ene seidnents, its eastefin sharp
bottom part of the slope. From informations of CSF, sharp botamncarried explicid flags of slips and
submarine erosion.

Area 2 ranged on the more gentle northwestern slope of the Derbent basin on the deptt® 375
(fig.1). Problems of bottom morphology associated with breakout of large submarine valleys amm fans
the base of the slope.

For area 1 ranged on the depths-320 m (station 47) characteristic brownish brown consistent,
riched by Feoxyhydroxides crust of cementation collided by fine layer of broken shells. Bellow for section
occurred soft clays graygreenish gray, brownish gray, contained fine layers, and overburdens of fine
aleurites terrigenous material (fig.2).
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Fig. 1 Location of geological areas arsg@ismoacoustic forms.
geological area, 2 seismoacoustic form,i3isobatic, m.
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Fig. 2. Lithostratigraphy of the area 1 sediments.
1-clay soft riched by terrigenous aleurites; @ay soft with lenses and layers of the terrigenous aleurites;
31 clay condensed diagenetic tabular riched byp®ghydroxides (crust of cedementatio); detritus of shells;
5- fragments of rocks; 6 carbonate crusts;7Pliocene dence clay.

At the base of the section on the st. 5 appeared fragment (3.0 x 1.5 x 1.2 cm) greenish brawn organ
genous of limestone with sandy and gravel grains of chadgjuartz.

Bellow excessive slope (depth 48Q0 m) in the base section 8 and 9 breaked dence clays gray, bro
nish brown, greenish gray, may be. Among soft clay of lower part column 8 detected brownish green ca
bonate crust complex fashion extent 20.% 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 oxyhydroxidegamase or iron.

Content of sand fractions in the exploring@mples lies on limit (%) 0-37.0, aleuritid 27.583.4, re-
litic 7 15.471.6. Upon relationship fractions exstracted gsane sort of sediments: pelite aleuritic, &ale
rite-pelite, pelitealeuritepsammiitic, aleurite pelitic, peli#aleuritepsammite ediment. Most coarse &
nular sediments time to sharp part of slope (st. 8 and 9), what probably associated with operatioms redepos
tion sedimentary material by nelottom cources, suspension flows, rockslides. Occuring everywhere co
centration of upperdrizon by psammite dependent by shall detritus. In addition, on st. 9 appeared psa
mite-psefitic fragments of carbonate crusts.

Mineralogical composition of sediments area 1 (sample6,4830, 860; data Xray) highly regular:
dominae (%) quartzi 33.537.9, clay mineral§ 22.827.4. and roentgenoamorphous material (RAM)
19.224.6. Next followed on dimination feldsparg.4-9.0, cdcitei 5.1-8.6, dolomitei 0.9-2.4, pyritei 0.2.

Scientific profit introduced carbonate educations, breakted on ¢ael dsee. fig. 2). Up to data-rdy ,
organogeniglastic limestone (samples3) in base consists (%) from biogenic calti&2.6 and RAM
23.7 with foreign material biogenic aragoriit®.5. In the compason of crust complex fashion (samples
8-0) dominate (%) RAM 65.5, and aragonitie 18.9, close to low content of calcite2.0 and magnesia
calcite 7 1.5. In plane carbonates crusts (samples99lR) prevailed (%) calcité 42.456.1; aragonite
complite 2.73.0 and RAM1 12.015.1. In all amples highly shows foreign mineral quairtZ.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 Il.
1i diatomaceous ooze:2i clays with hydrotroilite2 1 hydrotroilite poorly; 37 middle;
4 7 much; 57 very much.

For the area Il characteristic diatomaceous oozes greenish grajkiglynd clotted consistency. le-s
parated layers their painting grayly brown, greehish brown and brownish greercoer greenish gray
and lightgray 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 changiag quantit
tive, taxonomic and environmehtaomposition of diatomaceous in the section allocated threeamsri

¢, 1, g [ 2] . As a result associated csis,lwemayed eve
supposed, t hat horizons ¢ and | a misphases eofdthetranwc a s pi e
gressive basin devel opment: at fiorsrof ho)yisemonel Heq
and more saline. Age of the hori zon g met defi

cluaive phaseaurence of late hvaline basin tank.
In research samples content (%) sand fractions compbt&,Galeuritici 6.4-49.6, peliticT 49.7-93.6.
Among grainsize types of sediments dominate pelite and aleuritic pelite, at that time more coarse ale
rite-pelites accurate gravitate to the base breaked sections, that may connected terrigenous clastic material.
In mineral composition of sediments area Il (sample$35) dominate (%) RAM 49.3, clay ming
alsi 18.9 and quarttz 17.3, highly constitutivéorein matter calcité 11.0, attented also forldspars, @ol
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 geeeralyi ne deposi ti on

by particleé on area | home materi al rel odate on
tom currents. As a result generated beds coetipaly coarse grains, poorly rejected sediments. On the
sharp areasfo conti nent al sl ope here and t lliegereticocanbc over ed

nates. More rough material in the bottom part of the layers on area Il also connected, probahty; with a
plification delivery of terrigenous clastic material. Nopect too of positive role neapttom currents in
the generation of diatomaceous oozes on this area.
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