UvA-DARE (Digital Academic Repository)

Studies in Caspian palynology
Six million years of vegetation, climate and sea level change
Richards, K.
Publication date
2018
Document Version
Final published version
License
Other
Link to publication
Citation for published version (APA):
Richards, K. (2018). Studies in Caspian palynology: Six million years of vegetation, climate
and sea level change. [Thesis, externally prepared, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).
Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)
Download date:08 Jan 2023

Studies in Caspian palynology:
six million years of vegetation,
climate and sea level change
Keith Richards

Studies in Caspian palynology:

six million years of vegetation, climate and sea level change

Keith Richards

© Keith Richards 2018
ISBN: 978-94-91407-55-0

Institute for Biodiversity and Ecosystem Dynamics
University of Amsterdam
Science Park 904, 1098 XH Amsterdam, The Netherlands

Cover Photo: The Caspian Sea, January 30th 2016
Photograph by Frank Wesselingh
Lay-out and printing: Loes Kema, GVO drukkers & vormgevers, Ede

Studies in Caspian palynology:
six million years of vegetation, climate and sea level change

ACADEMISCH PROEFSCHRIFT

ter verkrijging van de graad van doctor aan de Universiteit van Amsterdam
op gezag van de Rector Magnificus prof. dr. ir. K.I.J. Maex
ten overstaan van een door het College voor Promoties ingestelde commissie,

in het openbaar te verdedigen in de Agnietenkapel

op woensdag 16 mei 2018, om 14:00 uur

door Keith Richards
geboren te Workington, Verenigd Koninkrijk

Promotor:

prof. dr. H. Hooghiemstra

Co-promotor:

prof. dr. S.B. Kroonenberg

Overige leden:

dr. M.D. Simmons, Halliburton, UK
dr. M.C. Hoorn, Universiteit van Amsterdam
prof. dr. V.J. Mosbrugger, Senkenberg Institute, Frankfurt
dr. F.P. Wesselingh, Naturalis Biodiversity Center
prof. dr. W. Krijgsman, Universiteit Utrecht
prof. dr. J. Sevink, Universiteit van Amsterdam

Faculteit:

Faculteit der Natuurwetenschappen, Wiskunde en Informatica

Contents
Chapter 1: Introduction and thesis outline

8

Part 1 ‘The present is the key to the past’: Present day, Holocene and late Pleistocene
palynofloras and microfaunas of the northern Caspian Sea region
Chapter 2: Reconstructions of deltaic environments from Holocene palynological records in
the Volga Delta, northern Caspian Sea

14

Keith Richards, Nataliya S. Bolikhovskaya, Robert M. Hoogendoorn, Salomon B. Kroonenberg, Suzanne
A.G. Leroy and John Athersuch
Published in: The Holocene 24(10), 1226-1252. (2014)

Chapter 3: Late Pleistocene to Holocene evolution of the Emba Delta, Kazakhstan, and
coastline of the north-eastern Caspian Sea: sediment, ostracods, pollen and dinoflagellate
cyst records

52

Keith Richards, Peta Mudie, André Rochon, John Athersuch, Nataliya S. Bolikhovskaya, Robert Hoogendoorn
and Vincent Verlinden
Published in: Palaeogeography, Palaeoclimatology, Palaeoecology 468, 427-452. (2017)

Part 2 'The past is the key to the present’: Biostratigraphic evolution of the Caspian Sea
since the late Miocene
Chapter 4: Palynology and sedimentology of the late Miocene ‘Pontian Series’ and Pliocene
Productive Series from outcrop studies in Azerbaijan, western Caspian Sea

90

Chapter 5: Contrasting Pliocene fluvial depositional systems within the rapidly subsiding
South Caspian Basin; a case study of the palaeo-Volga and palaeo-Kura river systems in the
Surakhany Suite, Upper Productive Series, onshore Azerbaijan

114

Chapter 6: Pollen evidence for late Pliocene-early Pleistocene vegetation and climate change in the North Caucasus, north-western Caspian region

140

Chapter 7: Palynology, foraminifera and ostracods from the Pliocene-Pleistocene transition (Akchagyl and Apsheron regional stages) in outcrop from the western Caspian Sea,
Azerbaijan: potential links with the Mediterranean, Central Paratethys and the Arctic Ocean?

156

Chapter 8: Synthesis/Conclusions

192

Summary
Samenvatting
Русское резюме (Russian summary)
References
Acknowledgements
Co-authorship statement
Biography
List of publications
Appendix: Selected abstracts of conference talks and posters

200
203
206
210
237
238
241
243
245

Keith Richards, Stephen J. Vincent, Clare E. Davies, David J. Hinds and Elmira Aliyeva
To be submitted to Palynology (To Be Confirmed)

Stephen J. Vincent, Clare E. Davies, Keith Richards and Elmira Aliyeva
Published in: Marine and Petroleum Geology 27(10), 2079-2106. (2010)

Olga Naidina and Keith Richards
Published in: Quaternary International 409A, 50-60. (2016)

Keith Richards, Christiaan G. C. van Baak, John Athersuch, Thomas M. Hoyle, Marius Stoica, William E. N.
Austin, Alix G. Cage, Antoine A. H. Wonders, Fabienne Marret, Carmel A. Pinnington and Frans J. Jorissen
Submitted to Palaeogeography, Palaeoclimatology, Palaeoecology

….. there can be little doubt that, at some period, the Caspian extended over the basin of the
Volga, upon which we were now looking. The whole configuration of the country supports such a
hypothesis. These deserts are impregnated with salt, and shells exactly resembling those found in
the Caspian are plentifully scattered over the surface, while the steppe, upon which we travelled to
the Don, was composed of a fine rich black loam, devoid of any marine deposits….. there can be
no more satisfactory way of accounting for so sudden a change in the surface of the country, than by
supposing that a great portion of it was formerly submerged.
Laurence Oliphant, traveller, eccentric and politician
The Russian Shores of the Black Sea in the Autumn of 1852
1854, William Blackwood and Sons, Edinburgh and London

CHAPTER

1

Introduction and thesis outline

8 | Chapter 1

CHAPTER 1
Introduction and Thesis Outline
The Caspian Sea is not a sea but rather it is a
lake, at least at the present time, and moreover it
is the world’s largest lake. So, if it is a lake, is it a
freshwater or saline lake? In fact it is neither. It can
probably best be described as a brackish lake, in
that the salinity of the present day Caspian Sea
has less than half of the salt content present in the
open oceans. Even the term ‘brackish’ is not really
appropriate because the salinity of the Caspian Sea
is virtually zero in the northern extremes where the
water is diluted by freshwater from the Volga River.
In the central and southern regions, water inflow
is reduced and evaporation is increased, leading
to higher salinities which are typically around 1314‰ and higher still in areas such as Kara Bogaz
Gol in the east where evaporation vastly exceeds
water availability. And where does the salt come
from? The ‘brackish’ nature of the present day
Caspian Sea results from the fact that it has been
successively connected and disconnected to and
from the world’s oceans many times over many
millions of years, and this pattern of repeated
connection-disconnection is recorded in the
sedimentary record. This thesis is a palynological
study of some of those Caspian sedimentary
records and will try to unravel evidence from
pollen, dinoflagellate cysts (dinocysts) and other
palynomorph groups that points to major changes
in vegetation, climate and sea level within the last 6
million years.
As highlighted by Hooghiemstra et al. (2006),
the processes that affect pollen distribution and
deposition in marine environments are quite
different to those that normally apply to terrestrial
lake settings, with marine environments strongly
influenced by the proximity and type of the pollen
source areas (i.e. vegetation belts), prevailing
wind patterns, river inflow and ocean currents. The
Caspian Sea, by virtue of its size, provides a unique
‘natural laboratory’ (Kroonenberg et al. 2008) that
can be used to study these ‘marine’ palynological
processes in an enclosed body of water.
The physical environment of the Caspian Sea is a
product of its complex geological history. During
the Cenozoic, the northward migration of the Asian
and African tectonic plates resulted in the gradual
closure of the Sea of Tethys leaving the associated
‘Paratethyan’ Caspian, Aral and Black Sea basins
more or less isolated. Plate collision led to the
uplift of the Caucasus and other mountain ranges
and, in turn, to subsidence of the southern part
of the Caspian Sea which, at 1025 m, remains its

deepest point at the present time. The mountain
configuration and general topography control the
river systems which drain into the Caspian Sea. In
the north, the most significant is the Volga which
flows for almost 3700 km from the Russian platform
and drains an area of some 1.38 million km2,
followed by the Ural which flows for approximately
2500 km from the Ural Mountains, draining an area
of ca. 230,000 km2. To the east, the Syr Darya and
Amu Darya contribute water from the Himalaya
and Pamir Mountains via the Aral Sea. From the
west, the Kura, Terek and Kuma rivers contribute
water from the Caucasus region, and from the
south the Safidrud and other rivers drain from the
Zagros Mountains. Other rivers such as the Uzboy
and Emba are largely ephemeral at the present
time, but have had much greater water flow in the
past, for example during the early Holocene after
deglaciation. Thus the Caspian Sea is the ‘meeting
point’ of tectonic plates and several major river
systems, which in total drain a catchment of more
than 3.5 million km2.
The Caspian Sea is also a ‘meeting point’ in
human terms, as it is situated between the Eastern
European Plain and the plains of Western and
Central Asia (Figure 1.1). The Volga forms the
principal divide between these areas and is itself
of major importance as a trade route and for
movement of people and goods. Viking longships
sailed from the Baltic Sea and down the major
rivers of Eastern Europe and settled in the upper
reaches of the Volga in the 9th Century AD, leading
to the expansion of trading centres, such as
Novgorod on the Volga and Kiev on the Dnieper.
Viking progress to the Caspian Sea, however,
was halted by the Bulgars who controlled trade
in the mid-Volga region to the east of present
day Moscow. Here, the town of Nizhny Novgorod
began to thrive and by the middle of the 19th
Century it had become one of the world’s largest
trading centres at the crossroads between Europe
and Asia, with trade based mainly around Russian
furs and tea from China. Further south, trade in
the Caspian region was centred at Astrakhan, the
principal town of the Volga Delta region, with
ship building, ship and boat repair, fishing and
fish processing (including the much sought-after
sturgeon and caviar) as the principal trade activities
after the 18th Century. The Caspian Sea itself has
been a thriving trade area for many centuries with
exchange of goods between present day Russia
in the north, Azerbaijan and the Caucasus to the
west, Persia and Iran in the south and Turkmenistan
and Kazakhstan in the east. These are the gateways
to the ‘Silk Road’ and the lucrative trade routes to
Central Asia, China and the Near East.
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Figure 1.1. Location map showing the position of the Caspian Sea in relation to major water bodies, rivers and
mountain ranges.

Historical and geological records show that
changes in the level of the Caspian Sea can be
both rapid and extreme. The present day level of
the Caspian Sea is approximately 27.5 m below
global sea level (bgsl) and has fluctuated within a
recorded range of around 4 m within the last 160
or so years. Throughout the Holocene, Caspian
Sea levels inferred from the sedimentary records
show more significant variations, within a range
of perhaps 50 m or more. These fluctuations are
linked to climate (locally and within the catchment)
and river inflow which, over time, are reflected by
changes in vegetation. Such changes in the lower
Volga Delta region are investigated in Chapter 2
where six sediment cores of Holocene age have
been examined palynologically. These results give
an indication of changes of vegetation and climate
both in the catchment and in the delta region, and
also provide insights into the development of the
Volga Delta over the last 11,500 years.
It is well known, principally from mollusc and
sedimentary studies, that major changes in Caspian
Sea level have occurred during the Pleistocene,
with changes of up to or even greater than 100 m.

These extreme changes are principally due to
glacial and interglacial cycles, with maximum
highstands occurring due to increased meltwater
flow during deglaciation. Chapter 3 is based
around a study of a further six cores from the
Emba Delta, situated in the north-eastern Caspian
Sea. These cores are dated by radiocarbon to
approximately within the last 50,000 years and
contain records from the late Pleistocene to the
present day. Chapter 3 includes palynological and
ostracod analyses of these cores that provide a
record of vegetation and environmental change
for part of the late Pleistocene. The pollen records
point to a possible exchange of flora between
the Caspian Sea and East Asia, and proposes
that the Emba-Ural Delta region may have been
a refugium for thermophilous plants during the
late Pleistocene. New information from dinocysts
suggests periods of direct contact between the
Caspian Sea and the Black Sea and changes in
coastal geomorphology are interpreted based on
seismic surveys and sedimentological studies.
The Caspian region is one of the world’s oldest
oil and gas producing areas, with crude oil first
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Figure 1.2. Schematic and simplified geological profile showing broad facies relationships during Akchagylian
2 Naidina 3and Richards4(in preparation),
5 modified6after Bertels-Uspenskaya
deposition in the North1Caspian Region.
(1966, 1971), Zhidovinov et al. (1966) and others. 1 = predominantly clays with interbeds of sand and sandstone
Ku 9
7 2 = sandy
8 or silty
11 fauna; 3 = coastal and estuarine
containing ‘marine’ fauna;
clays containing10
‘shallow marine’
sands, gravels and pebble deposits; 4 = transgressive sand and pebble deposits; 5 = interbeds of fluvial sand; 6
= ‘lumpy’ clays and muds (‘komkovaty’); 7 = transgressive lag deposits with conglomerate (‘galechnik’); 8 = carbonate / marl interbeds; 9 = Kushum Formation (late Miocene-early Pliocene) preserved in canyons of palaeo-Ural
River; 10 = older Cenozoic / Mesozoic strata; 11 = salt diapirs. The approximate positions of present day cities
Atyrau and Ural’sk are shown to illustrate the extent of Caspian Sea level change in the early Pleistocene.

extracted from hand-dug wells in Azerbaijan
in the mid-19th Century. Since then, oil and gas
production has increased vastly, with more than 1
million barrels of oil (or equivalent) produced every
day, most of it from sands of Pliocene age, known
as the Productive Series, deposited by the ‘palaeoVolga’ in the offshore area. Palynology has been
an important tool in recognising the depositional
environments associated with these ‘palaeo-delta’
sands and this is discussed in Chapter 4. This part
of the Caspian Sea story begins around 6 million
years ago, towards the end of the late Miocene,
when the Caspian Sea was connected to the
world’s oceans via Paratethys. This connection is
documented by dinocyst records from the Kirmaky
Valley, Azerbaijan. By the onset of the Pliocene,
around 5.3 million years ago, the Caspian Sea was a
completely isolated basin and deposition occurred
in freshwater to brackish conditions in lacustrine
and fluvio-deltaic settings. These sediments were
studied for palynology and sedimentology in
more than 400 outcrop samples at the Kirmaky
and Yasamal localities, providing the first detailed
integrated results from the economically important

Ku

Productive Series. Sediments sourced from the
‘palaeo-Volga’ and ‘palaeo-Kura’ rivers, deposited
as the Surakhany Suite during the later part of
the Pliocene, are described in Chapter 5. These
combined palynological and sedimentological
studies help to understand reservoir provenance
and depositional settings.
The Caspian Sea reached its maximum extent in
recent geological times during the Akchagylian and
Apsheronian regional stages of the latest Pliocene
(Piacenzian) and early Pleistocene (Gelasian) when
water levels exceeded 100 m above global sea
level (agsl) and extended southwards into present
day Iran, westwards towards the Black Sea, and
eastwards into Asia where it connected with the
Aral Sea. To the north, the transgression reached
close to 60° N, far beyond the present day cities of
Astrakhan, Atyrau, Volgograd and Ural’sk (Figure
1.2). Pollen records from the North Caucasus
region are presented in Chapter 6 and these show
how vegetation in that region changed during the
Pliocene and early Pleistocene, a time of mainly
high Caspian Sea levels. This chapter also reviews
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Figure 1.3. Changes in vegetation types throughout the Cenozoic in the Eastern European Plain and Central
Asia. Naidina and Richards (in preparation), modified after Velichko (2005).

the Cenozoic floral history of the Caucasus region
and the change from Paleogene and Neogene
‘greenhouse’ to Pleistocene ‘icehouse’ conditions
in Central Eurasia (Figure 1.3). Furthermore,
it attempts to clarify the chronostratigraphic
and lithostratigraphic nomenclature in view of
the re-assignment of the Pliocene-Pleistocene
boundary. This boundary was originally placed
at 1.8 Ma based on palaeomagnetic records
from marine sediments and was later revised to
2.558 Ma, defined by climatic and environmental
proxy information from terrestrial records. This
change of ca. 0.76 Myr is substantial and has
major implications for stratigraphic studies in
the Caspian region, and emphasises a need for
biostratigraphic and palaeoenvironmental studies
to be constrained as far as possible within a
chronostratigraphic framework.
The Akchagylian and Apsheronian stages are
the subject of further study in Chapter 7 which
presents the results of a detailed study of an
outcrop section in the Jeirankechmez River valley,
Azerbaijan. Here palynological and ostracod
data from more than 60 samples are constrained
in absolute time by magnetostratigraphic
correlations and Ar /Ar dating of volcanic
ashes. This is by far the most comprehensive

investigation yet undertaken of this stratigraphic
interval. The results show that deposition occurred
under freshwater, brackish and marine conditions
during the Pliocene to Pleistocene transition. New
evidence from foraminifera indicates a possible
‘northern gateway’ to the Caspian Sea and
suggests that the first significant marine influence
at this time may have come from the Arctic Ocean
and not, as many have previously believed, from
the Black Sea and Mediterranean. Dinocyst
assemblages in the Apsheronian are identical to
those previously described from the Pannonian
Basin of Central Paratethys and suggest that a
connection, and exchange of biota, between the
Pannonian-Black Sea region and the Caspian Sea
may have occurred in the early Pleistocene.
It is hoped that this thesis will serve as a
useful document showing how palynology,
in combination with other disciplines, can be
used to recognise and interpret past changes
in vegetation, climate and environments in the
Caspian Sea region. Only by studying these past
records can we improve our understanding of how
this environment may change in the future, a task
made difficult by the rapid and extreme nature of
Caspian Sea level events, and even more difficult
because of the unknown extent and consequences
of present and future climate change.

PART

1

‘The present is the key to the past’: Present day,
Holocene and late Pleistocene palynofloras and microfaunas of the
northern Caspian Sea region

CHAPTER

2

Reconstructions of deltaic environments from Holocene
palynological records in the Volga Delta, northern
Caspian Sea

Keith Richards, Nataliya S. Bolikhovskaya, Robert M. Hoogendoorn, Salomon B.
Kroonenberg, Suzanne A.G. Leroy and John Athersuch
Published in: The Holocene 24(10), 1226-1252. (2014)
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CHAPTER 2
Reconstructions of deltaic environments from Holocene palynological records in
the Volga Delta, northern Caspian Sea

Abstract
New palynological and ostracod data are presented from the Holocene Volga Delta, obtained from
short cores and surface samples collected in the Damchik region, near Astrakhan, Russian Federation
in the northern Caspian Sea. Four phases of delta deposition are recognised and constrained by AMS
radiocarbon ages. Palynological records show that erosive channels, dunes (Baer Hills) and inter-dune
lakes were present during the period 11,500-8900 cal. BP at the time of the Mangyshlak Caspian
lowstand. The period 8900-3770 cal. BP was characterised regionally by extensive steppe vegetation, with
forest present at times with warmer, more humid climates, and with halophytic and xerophytic vegetation
present at times of drought. The period 3770-2080 cal. BP was a time of active delta deposition, with
forest or woodland close to the delta, indicating relatively warm and humid climates and variable Caspian
Sea levels. From 2080 cal. BP to the present day, aquatic pollen is frequent in highstand intervals and
herbaceous pollen and fungal hyphae frequent in lowstand intervals. Soils and incised valley sediments
are associated with the regional Derbent regression and may be time-equivalent with the ‘ Medieval
Warm Period’. Fungal spores are an indicator of erosional or aeolian processes whereas fungal hyphae
are associated with soil formation. Freshwater algae, ostracods and dinocysts indicate mainly freshwater
conditions during the Holocene with minor brackish influences. Dinocysts present include Spiniferites
cruciformis, Caspidinium rugosum, Impagidinium caspienense and Pterocysta cruciformis, the latter a new
record for the Caspian Sea. The Holocene Volga Delta is a partial analogue for the much larger oil and gas
bearing Mio-Pliocene palaeo-Volga Delta.
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2.1 Introduction
The Volga Delta, situated at the northern extreme
of the Caspian Sea, is one of the largest deltas
in the world and is a wetland region of global
significance due to its high diversity of habitats
for a large number of plant and animal species
(Ramsar Sites Information Service, 2014), including
many birds and fish. It is particularly important as a
spawning ground for fish including sturgeon, the
principal source of caviar in the region. The delta
also plays an important role in hydrological control
for the low-lying lands of the north Caspian plain,
which are 25-27 m below global sea level, and it
is of strategic and economic importance due to its
proximity to areas of oil and gas production. The
sedimentary records within the delta are a ‘natural
laboratory’ for sea-level change (Kroonenberg
et al. 2008) and studying those records will help
predicting future sea level trends. This is especially
important as rises in water level of just a few
metres have potential to cause serious damage
to local livelihoods and infrastructure around the
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Figure 2.1a. Caspian Sea and Volga Delta location
map showing main geographical features and study
sites referred to in the text (ACG=Azeri-ChiragGunashli oilfield).

Caspian Sea coast. This study aims to examine
the vegetation history of the delta from some of
those sedimentary records and to reconstruct
deltaic environments in the Holocene by means of
palynological analysis, with additional information
from ostracods. Changes in vegetation in the delta
over time may be linked to a number of factors,
such as changing climatic conditions, variations in
fluvial discharge and the level of the Caspian Sea.
This study may, therefore, help with understanding
the recent vegetation and sedimentary history of
the delta and perhaps contribute to managing
future change in this fragile and unique locality.
The present day Volga Delta is an extreme
example of a fluvially-dominated delta and is
unique in that it has formed in a closed basin, the
Caspian Sea, unaffected by eustatic variations.
The delta has moved frequently over distances
of several hundreds of kilometres within the
north Caspian plain in response to rapid Caspian
Sea level changes during the Pleistocene and
Holocene. Those changes have occurred within
an approximate range of +50 m (above global
sea level) in the early Khvalynian highstand (late
Pleistocene) to -80 m in the Mangyshlak early
Holocene lowstand (Kroonenberg et al. 1997).
Previous stratigraphic studies of the delta (e.g.
Overeem et al. 2003) have shown the broad history
of sedimentation during the Holocene, but without
any significant age control and reliable means of
correlation.
This paper presents detailed palynological
results and radiocarbon ages from the Damchik
region of the lower delta (Figure 2.1a) and these
are compared with those from other localities,
principally Solenoe Zajmishche, near Chernyi Yar
in the lower Volga / Akhtuba floodplain region
approximately 250 km to the north (Bolikhovskaya,
1990; Bolikhovskaya and Kasimov, 2008, 2010). The
Solenoe Zajmishche section ranges in age from
ca 11,060 to 800 cal. BP. Intervals with frequent
pollen from halophytic and xerophytic plants
such as Amaranthaceae, Artemisia and Ephedra
are interpreted as periods of mainly cold and
arid climate, whereas intervals with common tree
pollen, such as Quercus, Ulmus, Tilia and Carpinus,
are indicative of warmer and more humid climates.
These make up the ’QUTC’ group, originally
described by Bolikhovskaya (1990), which is a
useful marker assemblage for temperate forest
biomes.
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2.2

The study area

2.2.1. Structural and geographical setting
The Caspian Sea is the world’s largest inland body
of water containing over 40% of the lacustrine
waters on the planet (Kaplin, 1995). The Caspian
Sea receives freshwater input from a number of
rivers of which the Volga, flowing into the northwestern Caspian Sea, contributes by far the largest
amount, over 80%. Salinity of the surface waters is
lowest (ca 3‰ or less) close to the Volga outflow,
increasing to around 13.5‰ in the central and
southern basins (Kosarev and Yablonskaya, 1994).
The surface of the Caspian Sea is currently about
26.5 m below global sea level (Arpe et al. 2012;
Naderi Beni et al. 2013a) and not connected
directly to the world’s oceans at the present time,
although connections are known to have occurred
in the recent geological past. A marine connection
existed at the end of the Pliocene to beginning of
the Pleistocene (Akchagylian stage) between ca 3.2
and 2 million years ago (Kosarev and Yablonskaya,
1994; van Baak et al. 2013) and connections
were re-established at various times throughout
the Pleistocene (Badertscher et al. 2011; Forte
and Cowgill, 2013; Rychagov, 1977; Tudryn et
al. 2012). Most recently, high Caspian Sea levels,
with connections to the Black Sea via the Manych
Channel have occurred in the late Pleistocene
(Khvalynian stage) as a result of increased runoff
from glacial melt-waters after the ‘Last Glacial
Maximum’ according to Chepalyga (2007), Svitoch
(2010) and Yanina (2012).
The Caspian Sea, including the Volga Delta region,
is influenced by tectonics, regional topography
and climate. During the Pliocene, the palaeo-Volga
Delta was situated about 500 km to the south of
its present day position (Kroonenberg et al. 2005;
Reynolds et al. 1998) in response to the initial
subsidence of the South Caspian Basin and uplift
of the Caucasus and Kopet Dag ranges (Allen
et al. 2002). The Middle Caspian Basin (Derbent
Depression) subsided at a later time (Dumont,
1998) and is separated from the South Caspian
Basin by the Apsheron Sill, an area of tectonic
uplift (Allen et al. 2002, 2003) where present
day water depths vary between 80 and 200 m
(Ferronsky et al. 1999; Kosarev and Yablonskaya,
1994). During the Pleistocene, at least within the
last 700 ka, extensive fluvio-deltaic sediments were
deposited to the north of the present day Caspian
Sea coast, in response to major sea level changes,
and these sediments formed the ‘wandering Volga
Delta’ (Kroonenberg et al. 1997). This Pleistocene

delta complex exhibits much greater extremes of
sedimentation than seen in the Holocene delta
(Sidorchuk et al. 2009).
Many attempts have been made to reconstruct
Holocene Caspian Sea levels (e.g. Chepalyga,
2007; Rychagov, 1997; Svitoch, 2009;
Varushchenko et al. 1987). Most authors agree that
there have been several transgressive / regressive
cycles in the Caspian Sea during the Holocene
but there is no agreed model or consensus as
to the precise timing and naming of the various
Holocene Caspian Sea level events, due partly
to a lack of uniformity in the dating methods and
interpretations. The level of the Caspian Sea fell to
about 80 m below its present level (Kroonenberg et
al. 1997; Mayev, 1994; Rychagov et al. 2010) during
the Mangyshlak stage at the beginning of the
Holocene. The exposed shelfal areas were subject
to aeolian processes, resulting in the formation
of extensive east-west trending dune fields, the
Baer Hills. These underlie the Holocene delta
(Kroonenberg et al. 2005; Overeem et al. 2003) and
are visible to the west of the delta at the present
time. They typically reach 20 to 25 m in height and
often occur in association with shallow freshwater
to saline lakes (Losev et al. 1998). Subsequently,
it is generally agreed that Caspian Sea levels
were variable, but mostly high, in the early to midHolocene with maximum levels of around -24
to -20 m below present day global sea level (ca
3 to 7 m above present day levels) between ca
9000 and ca 5000 years ago. (Chepalyga, 2007;
Rychagov, 1997). Further highstands then occurred,
with Caspian Sea levels reaching -25 to -19 m
below present day global sea level (Naderi Beni
et al. 2013a, 2013b) within the last few hundred
years, following a late Holocene lowstand event
known regionally as the Derbent. Overeem et al.
(2003) showed how the very recent sediments and
vegetation in the Damchik region have evolved
over a period of (mainly) sea level fall since 1935,
based on aerial photographs and vegetation maps.
Between 1935 and 1977, Caspian Sea levels fell
by ca 3 m (from ca -26 to ca -29 m) (Kosarev and
Yablonskaya, 1994) leading to an outbuilding of
the delta by about 10 km (Alekseevskiy et al. 2010).
Deposition was then fairly stable during a period
of Caspian Sea level rise of around 2.7 m between
1978 and 1995; a minor fall has since been
recorded and present day levels fluctuate at around
-26.5 m (Arpe et al. 2012; Naderi Beni et al. 2013a).
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Figure 2.1b. Mean annual precipitation for the
Volga drainage basin (shown with black outline) and
Caspian Sea region; colours indicate mm per month
values (data from K. Arpe based on ECMWF interim
reanalysis).

2.2.2. Hydrography and climate
The Volga catchment drains an area of
approximately 1.38 million km², with a total length
of the main stream of 3700 km (Sidorchuk et al.
2009). Much of the catchment falls within the
temperate continental climate zone (Kosarev, 2005),
but extends into humid mid-latitudes (Leroy et al.
2007). The catchment as a whole extends from
approximately 46º to 62º N and from 32º to 60º E,
and thus drains an area with considerable diversity
in climate and topography. In the Volga catchment
area, mean annual temperature ranges from 3ºC
in the north to 9ºC in the south, with mean annual
precipitation ranging from 750 mm in the north
to 150 mm in the south (Sidorchuk et al. 2009)
(Figure 2.1b). In the delta region, average monthly
temperatures vary from 26 ºC in July to -8ºC in
January (Knystautas, 1987), occasionally reaching as
high as ca 45ºC in summer and as low as ca -40ºC in
winter, with rainfall fairly evenly distributed through

the year at between 200 and 250 mm (Losev et
al. 1998). Much of the shallow north Caspian area
freezes in winter with an average of 120 to 140
days of ice cover and typical ice thicknesses of
20 to 30 cm in the Volga mouth region (Kosarev,
2005); ice-gouge features several kilometres in
length and up to 200 m wide occur on the sea
bed in the northern Caspian Sea (Ogorodov and
Arkhipov, 2010). Discharge from the Volga between
1880 and 1980 averaged 241 km³ per year, with
approximately 60% of the total discharge occurring
during the snow melt and floodwater period of
April to June (Kosarev and Yablonskaya, 1994)
although significant variations from this average
do occur (Kroonenberg et al. 1997; Sal’nikov et
al. 2010). Evaporation is most pronounced in the
summer and may reach 175 to 200 mm per month
within the delta (Losev et al. 1998) and has a major
influence on Caspian Sea level (Arpe et al. 2012).
Winds in the northern part of the Caspian Sea are
predominantly from the east, and less frequently
from the west and north-west (Kosarev, 2005).
Strong winds are relatively infrequent, but storm
surges do occur, especially in the shallow waters
in the north Caspian Sea region (Ivkina, 2010) and
periodically in the delta region, with wave heights
up to 1.5 m, reaching up to 3-4 m in extreme cases
(Kosarev, 2005). For example, storm surges of 2-3
m above normal occurred in 1952 and caused
flooding as far north as the city of Astrakhan
(Kroonenberg et al. 1997). True tides are absent in
the Caspian Sea (Naderi Beni et al. 2013a) although
‘seiches’ do occur (Kosarev and Yablonskaya, 1994)
resulting in minor ‘tidal’ ranges of 10 cm or less in
the coastal regions (Spidchenko, 1973).
2.2.3. Volga Delta sedimentation
The present day Volga Delta is a gently sloping
ramp delta with a slope gradient of around 5
cm per km. Sediment load carried by the river
consists mostly of fine sand, silt and clay. The delta
bifurcates regularly because of the low gradient
and fine grain size, resulting in more than 800
outlets into the Caspian Sea along a coastline of ca
200 km (Kroonenberg et al. 1997, 2005; Overeem
et al. 2003) (Figure 2.1c). The sedimentary history
and ongoing sedimentary processes in the Volga
Delta are largely controlled by changes in the water
level of the Caspian Sea which, in turn, are driven
by catchment climate and river outflow. The apex
of the present delta is situated close to the city of
Astrakhan and the Akhtuba tributary at an altitude
of -22 m, with upper delta plain (-22 to -25 m)
and lower delta plain (below -25 m) sediments
deposited to the south (Rusakov, 1990). The upper
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delta plain region contains remnants of the Baer
Hills and topographic lows between these hills
are flooded by the Volga during peak discharge
(Kroonenberg et al. 1997). The lower delta plain
consists mainly of alluvial sediments deposited
since the Caspian Sea lowering in the 1930s
and contains the main Volga channels that were
incised during the Derbent lowstand within the
last 1000 or so years, with active progradation now
occurring close to the delta front. Further seaward
is an extensive submerged prodelta (avandelta)
region which extends some 80 km offshore in water
depths of no more than about 4 m, and is formed
mostly of eroded and re-deposited sediments
(Kroonenberg et al. 1997).

The main sedimentary features and processes
are described by Belevich (1956, 1960, 1963)
(Figure 2.2). During periods of sea level fall, the
delta builds out (progradation) and mouth bars
are formed at the delta front during times of
peak river flooding. These mouth bars obstruct
the water flow, becoming sub-aqueous levees,
which then extend seawards. The inter-distributary
bays (kultuk) are freshwater bodies (Belevich,
1956), with water depths usually of less than 1.5
m, containing freshwater and mostly floating
vegetation (Kroonenberg et al. 1997). These kultuk
are frequently connected to the avandelta region
but may become isolated from open water during
rapid progradation, and form delta lakes (ilmen).
During periods of sea level rise, deposition
occurs in the more landward parts of the delta

Figure 2.1.c. Location map showing the present day position of the Volga Delta and the study area (Damchik)
within the Astrakhan Biosphere Reserve. The main delta regions (after Losev et al. 1998 and Rusakov, 1990) are
shown.
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(aggradation) and the ilmen often become silted
up. This pattern of sedimentation is likely to
have occurred throughout the Holocene, at least
subsequent to the early Holocene Mangyshlak
regression (Kroonenberg et al. 2005), with
alternating progradation and aggradation leading
to a lateral shift in sedimentation and channel
migration.
2.3.4. Vegetation
The Volga catchment encompasses a large variety
of vegetation types, which influence the pollen
types that are dispersed into the delta and Caspian
Sea. The upper reaches of the Volga extend into
mixed and broad-leaved forests of central and
eastern areas of the East-European Plain where
species of Quercus, Tilia, Ulmus, Acer, Fraxinus,
Alnus, Betula and Pinus dominate now, and up
to the southern limits of boreal coniferous (taiga)
forest where Picea abies, P. obovata, Abies sibirica,
Pinus sylvestris, Larix sukaczewii, Betula pubescens
and B. pendula are common components (Figure
2.3). The river then flows southwards through
steppe and semi-desert vegetation, characterised
by Poaceae, Asteraceae, Artemisia and
Amaranthaceae* (Knystautas, 1987).

The Volga Delta lies within the Volga-Akhtuba
semi-arid province, which supports semi-desert
vegetation, with frequent Artemisia and Poaceae.
Limited forest vegetation dominated by Salix,
Populus, Acer, Quercus, Fraxinus, Ulmus, Betula
and Alnus grows in the floodplain areas (Nikolayev,
2007; Bolikhovskaya and Kasimov, 2008). The
upper delta region, approximately to the north and
north-east of Astrakhan, is now largely used for
agriculture and grazing, with the natural vegetation
consisting of dry steppe and semi-desert. The
middle delta region occurs in a south-west to
north-east belt approximately 25 km wide from
north to south, and is located to the south and
east of Astrakhan (Figure 2.1c). Part of this region
is also used for agriculture and grazing, although
large areas are flooded by the Volga for several
months of the year, and are colonised by grassland
and reed beds. The natural (and some artificial)
levees between the river channels are colonised
by willows, mainly Salix alba and S. triandra (Losev
et al. 1998) with other trees including Fraxinus and
Ulmus (Bolikhovskaya and Kasimov, 2008, 2010).
When the Volga is confined to its river channels, the
middle delta region is generally dry and areas in
between the river branches may support halophytic
or xerophytic vegetation, including Amaranthaceae
(e.g. Suaeda and Salicornia), Ephedraceae (Ephedra
distachya) and Tamarix. The Baer Hills region to
the west supports mainly desert vegetation with

Figure 2.2. Schematic summary of depositional features in the present day Volga Delta (after Belevich, 1956,
1963). Approximate location is shown in Figure 2.4a.
*The Amaranthaceae family now includes most plants, and therefore pollen, previously assigned within the
Chenopodiaceae (see Kadereit et al. 2003; Müller and Borsch, 2005).
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Artemisia, Halocnemum, Suaeda and Calligonum
leucocladum (Losev et al. 1998; Bolikhovskaya and
Kasimov, 2010).
The most studied locality within the lower delta and
avandelta is the Damchik region of the Astrakhan
Man and Biosphere Reserve (Lychagin et al.
1995), where the cores for this present study were
collected.

grasslands occur at slightly higher elevations, which
are less inundated by flood water and contain
halophytic species such as Aeluropus, Suaeda and
Salicornia. Tall grasslands include mainly reed beds,
dominated by Phragmites and Typha in the partially
flooded areas. In the permanently flooded regions,
Labutina et al. (1995) classified the vegetation
into three main types: emergent, floating and
submerged. The emergents include mainly
Phragmites, Typha, Sparganium, Nelumbo and
Salvinia; the floating vegetation is characterised
by Trapa, Nymphoides, Nymphaea and Nuphar,
with submerged associations dominated by
Potamogeton, Ceratophyllum, Butomus and
Vallisneria spiralis (Hydrocharitaceae). A notable
feature is the presence of Nelumbo nucifera
(‘lotus’), a species mostly found in tropical latitudes
(Baldina et al. 1999); it is unclear if this species
is native to the Volga Delta but it does occur
frequently, forming dense stands in the avandelta
region (Baldina and Labutina, 2010). A simplified
map of the vegetation in the Damchik region is
shown in Figure 2.4c, re-drawn from the original
maps of Labutina et al. (1995) and Overeem et al.
(2003).
2.2.5 Caspian dinocysts

Figure 2.3. Simplified vegetation map for the northern
Caspian region, including the Volga catchment area
(from various sources).

This area contains both permanent and weakly
running rivers and streams (Figure 2.4a) as well
as permanent lakes (ilmen), seasonally dry lakes
and freshwater embayments (kultuk). The main
river channels are bounded by natural levees
that are typically 0.5 to 2 m above low water level
(Labutina et al. 1995) (Figure 2.4b). The flora and
vegetation of the Damchik region have been
described in detail by Baldina et al. (1999) and
mapped by Labutina et al. (1995). In the northern
region, vegetation consists of forests, shrublands
and grasslands. The forests include willow forest
(dominated by S. alba and S. triandra) and mixed
forest that includes species of Salix as
well as Populus (native) and Fraxinus (introduced).
Shrublands are limited to stands of Tamarix (on
saline soils) and Rubus and Carex (on levees). Short

Dinoflagellate cysts (dinocysts) are an important
palynological component in Pleistocene and
Holocene sediments of the Caspian Sea region.
Dinocysts occurring include forms originally
described from the Black Sea such as Spiniferites
cruciformis and Pyxidinopsis psilata (Wall
et al. 1973; Wall and Dale, 1973), as well as
Impagidinium caspienense and Caspidinium
rugosum described from the Caspian Sea (Marret et
al. 2004). The requirements and salinity tolerances
of all these taxa are not entirely known but, in
general, they are all characteristic of low salinity
waters such as those present in the Caspian Sea
at the present time. S. cruciformis is also known to
occur in freshwater settings (Kouli et al. 2001; Leroy
and Albay, 2010). All these dinocyst species can
exhibit very varied morphologies (e.g. Leroy, 2010;
Marret et al. 2004; Mudie et al. 2001), the exact
significances of which are not yet fully understood
but are most probably related to water temperature
and salinity (Zonneveld et al. 2013). The euryhaline
species Lingulodinium machaerophorum and the
cosmopolitan genus Brigantedinium also occur.
Process length in L. machaerophorum varies (Lewis
and Hallet, 1997; Mertens et al. 2009), with mainly
short-processed forms (<6 µm) occurring in the
Caspian Sea at the present time (Mertens et al.
2012), thought to be a response to the relatively
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low salinity. Leroy et al. (2013b) suggested that L.
machaerophorum abundances may have increased
since ca 3200 cal. BP, possibly in response to rising
sea surface temperatures.
Several dinocyst records are available from the
offshore Caspian area (Leroy et al. 2007). Cores
CP-18 and CP-21 (Figure 2.1a) are dominated
throughout by I. caspienense, with slightly
increased amounts of S. cruciformis and L.
machaerophorum in the lower to mid-sections,
whereas high numbers of P. psilata and S.
cruciformis are present prior to ca 4000 cal.
BP in core CP-14. Core TM (Leroy et al. 2013a)
from the south-eastern coastal region also has
abundant I. caspienense in the lower section
of the core (10,640 to 7500 cal. BP) and varied
frequencies of S. cruciformis, I. caspienense and
L. machaerophorum in the mid to late Holocene
intervals. In core GS05 in the offshore area, part of
the early Holocene (equivalent to the Mangyshlak
local stage) has an assemblage dominated by I.
caspienense (Leroy et al. 2013c).

2.3 Methods and materials
2.3.1. Cores and sampling
A detailed geophysical survey of the study
area in the lower Volga Delta was carried out
in 2006, consisting of shallow seismic surveys
along the main river channels (Figure 2.4d) in the
Damchik region (Kroonenberg et al. 2008). Over
70 km of shallow seismic data were collected,
focused on the uppermost 10 m of sediment,
and the principal seismic facies types used to
characterise sedimentation and stacking patterns
(Hoogendoorn et al. 2010). Twenty-five shallow
cores were collected, also in 2006, with core
localities chosen based on the results of the seismic
survey, to give representative coverage of all
localities and sediment types from all accessible
parts of the study area. Cores of up to ca 10 m in
length (average 8.7 m) were taken using a piston
corer and labelled as D-01 to D-25. Eight cores
were chosen for detailed palynological analysis,
giving a spread of localities from the proximal
(northern) and distal (southern) parts of the study
area, with additional spot samples examined
for calcareous microfossils. Surface samples
for modern pollen and calcareous microfossils,
principally ostracods, were also collected from six
localities (Figure 2.4d).

Figure 2.4a. Hydrography, showing principal rivers,
streams and lakes (after Lychagin et al. 1995).
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Figure 2.4b. Geomorphology and physiography (after
Lychagin et al. 1995).

Figure 2.4c. Vegetation (after Labutina et al. 1995;
Overeem, 2003).
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2.3.2. Radiocarbon dating
Forty-four samples were selected for Accelerated
Mass Spectrometry (AMS) radiocarbon dating, with
conventional 14C ages converted into calibrated
years BP by Beta Analytic Ltd. using the INTCAL09
database (Reimer et al. 2009). The dated material
consisted of presumed in situ mollusc shells, and
in a few cases ostracod shells and plant or woody
material. For the purposes of this present study,
no adjustment for reservoir or ‘hardwater’ effects
has been made (i.e. DR = 0). The lower Volga Delta
regions, where the dated samples were obtained,
are largely freshwater. This is substantiated by 42
out of the 44 samples studied having δ13C values of
-5‰ or less. Radiocarbon ages shown in the text are
in calibrated years BP (cal. BP), and the individual
ages shown are the ‘intercept’ points with the
INTCAL 09 curve (rounded to the nearest ten years
unless otherwise indicated.
2.3.3. Palynomorphs and calcareous
microfossils

Figure 2.4d. Location of seismic surveys, cores and
surface samples.

In total 231 samples were analysed palynologically
from cores D-07, D-08, D-09, D-17, D-18, D-21,
D-22 and D-24, with samples being selected as
representative of the lithological units present in
each core. The sample coverage averages out at
between two and three samples per metre, and is
sufficient to give a good representation of the main
sedimentary units. All core and surface samples
were processed using cold HCl (20%) and cold
HF (40%), followed by a second HCl treatment.
Residues were then sieved through 10 µm mesh
and finally mixed with 1% Poly Vinyl Alcohol before
mounting in Norland Optical Adhesive No 63.
Counts of all palynomorphs were made, with the
aim of obtaining a minimum of 200 pollen grains,
excluding unknowns, aquatics and reworked taxa,
which make up the pollen sum (PS). Additional
quantitative counts were made of non-pollen
palynomorphs (NPP) including fern spores, fungal
bodies, algae, dinocysts and reworked forms.
Most of the pollen types could be identified with
reference to sources including Erdtman (1971) and
Moore and Webb (1978). The Russian pollen and
spore floras of Kuprianova and Alyoshina (1972,
1978) and Bobrov et al. (1983) were also used. In
situ dinocysts were identified with reference to
Marret et al. (2004), Mudie et al. (2001), Popescu et
al. (2009), Sorrel et al. (2006) and others.
CONISS cluster analysis (Grimm, 1987) was
applied to identify pollen and non-pollen zones.
Two separate CONISS analyses were made for
each section. The first includes only the PS and the
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clusters obtained are labelled P1 to P4 (P = Pollen).
The second CONISS analyses were run using a
separate percentage sum of the totals of the other
groups (aquatics, algae etc.). These clusters are
labelled N1 to N4 (N = Non-Pollen). Assigned
clusters are prefixed with the number of the core
(e.g. 7-P1, 7-P2, 8-N2, 8-N3 etc.). Where counts are
less than 50, individual occurrences are not shown
on percentage diagrams and are excluded from the
CONISS analysis.
Samples studied for ostracods and other
calcareous microfossils were washed through a
125 µm sieve and the residue dried at 100 °C.
Individual specimens were picked from the residue
and identifications made principally with the aid of
Agalarova et al. (1961) and Meisch (2000).

Figure 2.5. Examples of shallow seismic profiles:
2.5a channel sets.

2.4 Results
2.4.1. Seismic, lithology and radiocarbon
dating
Of the principal seismic facies, distinct channel
features (Figure 2.5a) are visible throughout the
delta, notable in the region of the D-08, D-09 and
D-24 core localities (survey S9). Heterogeneous
sets (Figure 2.5b) are also widespread and include
individual beds of between 10 cm and 1 m
thick, interpreted as small-scale channel / levee
complexes, highstand delta front deposits and
possibly terminal splays occurring, for example,
close to the D-22 core locality (survey S3). More
evenly bedded parallel sets (Figure 2.5c) mostly
coincide with grey clays and are associated with
highstand sedimentation, mainly in the lower delta
and avandelta region, for example at the D-07
core locality (survey S4). There are no direct tie
points between the cores and the seismic lines,
as the cores were taken on land and the seismic
data are from the adjacent fluvial channels. Typical
lithofacies include laminated dark grey clays,
silty clays and fine sands which most probably
represent mainly avandelta and kultuk sediments,
brown massive fine-grained sands indicative of
fluvial channels and reddish brown silty clays and
fine sands, which occur in the deeper parts of
several boreholes and represent the sub-strata of
the Holocene delta (Hoogendoorn et al. 2010).
Work is currently ongoing to integrate the seismic,
lithological and palynological datasets fully. Results
of the radiocarbon dating (Table 2.1 and Figure
2.6) for the cores studied for palynology give a
spread of ages from 9010 (core D-18) to 670 (core
D-24) cal. BP.

Figure 2.5. Examples of shallow seismic profiles:
2.5b heterogeneous sets.

Figure 2.5. Examples of shallow seismic profiles:
2.5c parallel sets (after Hoogendoorn et al. 2010).
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2.4.2. Surface samples
Palynological data from the nine surface samples
are shown in Figure 2.7, with ostracod and other
microfossil results displayed in Table 2.2. More
or less equal proportions of AP and NAP occur
across the study region, with highest NAP in the
most distal locality (AVD3). AP is represented by
abundant Salix and consistently common Pinus,
Alnus, Betula, Quercus and several others. NAP
components are made up predominantly by
Poaceae and Amaranthaceae, which show very
similar distributions and abundances, becoming
slightly more frequent towards the north (e.g. D-15
core locality). Artemisia is also well represented
throughout. Aquatic pollen is present in all
samples with increased Sparganium to the north
(D-15 core locality) and Potamogeton towards
the south (AVD3). Reworked palynomorphs of
various ages occur in every sample but are not
especially common. Of the NPP, fungal bodies
(mainly hyphae) are most frequent in the most

landward sites (D-18 and D-15 core localities) that
are barren of microfauna. Dinocysts occur in low
numbers in all samples but have slightly higher
abundances in the southern part of the study
area (at and to the south of the D-09 core locality)
in the lower delta and avandelta. These include
good specimens of S. cruciformis, P. cruciformis,
I. caspienense and C. rugosum. A minor peak
in representation of I. caspienense occurs at the
surface at the AVD2 locality, whereas a sample
from 0.20 m below water level contains abundant
Pediastrum. Sample AVD3 (from 1.50 m water
depth) contains frequent Poaceae pollen, mixed
aquatic taxa and low numbers of foraminiferal
test linings. Ostracod diversity is richest in
the more distal samples; AVD2 (ilmen) sample
yielded abundant carapaces of Cypridopsis vidua
together with a few specimens of Pseudocandona
(mainly juveniles). Specimens of Cyprideis torosa,
Bacuniella dorsoarcuata and Candona were rare
and probably reworked. Sample AVD2 (0 m)
contained a single specimen of Limnocythere
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Figure 2.6. Age-depth plots of radiocarbon ages in calibrated years before present (cal. BP) for selected
samples / cores. Data points for cores D-08, D-09, D-12 and D-15 are not shown for reasons of diagram clarity.
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Lab. No.

B-372497
B-372498
B-246233
U-14787
U-14788
U-14789
U-14790
U-14791
U-14792
U-14793
U-14794
U-14795
U-14796
U-14797
U-14798
U-14799
U-14800
U-14801
B-246234
B-246235
B-246236
B-246237
B-246238
B-246239
B-246240
U-14802
U-14803
U-14804
U-14805
U-14806
B-246241
B-246242
U-14807
U-14808
U-14809
U-14810
U-14811
U-14812
U-14813
U-14814
U-14815
U-14816
U-14817
U-14818

Core

D-07
D-07
D-08
D-08
D-09
D-11
D-11
D-11
D-11
D-11
D-11
D-11
D-11
D-11
D-11
D-12
D-12
D-15
D-17
D-17
D-17
D-17
D-17
D-17
D-17
D-18
D-18
D-18
D-18
D-18
D-21
D-21
D-22
D-22
D-22
D-22
D-22
D-22
D-24
D-24
D-24
D-24
D-24
D-24

Depth
(m)

Material δ13C

7,00-20
7,30-40
2,80
2,90
2,60
0,60
1,00
1,60
2,60
3,80
5,40
6,00
6,70
7,90
9,00
3,60
8,50
5,90
1,80
2,70
5,20
5,40
5,68
5,70
6,30
0,80
3,70
4,70
5,10
6,10
1,50
2,00
1,00
1,60
3,80
4,20
5,20
7,00
1,00
2,20
4,70
5,70
7,60
8,95

shells
shells
shells
shells
shells
shells
shells
plant
shells
shells
shells
shells
shells
shells
shells
shells
wood
shells
nut
nut
shells
shells
shells
shells
shells
shells
shells
shells
shells
shells
shells
shells
shells
shells
shells
shells
shells
shells
shells
shells
plant
plant
plant
plant

Conventional age
14C yr BP

-3,6
-1
-10
-9
-7,8
-11,5
-11,3
-27,7
-8
-7,6
-7,2
-6,6
-7,1
-5,8
-5,9
-11,4
-29,1
2,3
-9,4
-8,8
-9,8
-7,9
-9,1
-11,2
-8,5
-11,3
-13,5
-9,4
-5,5
-5,2
-10,6
-11,5
-10
-12,5
-10,5
-7,5
-8,7
-2,5
-11,3
-11,7
-27,8
-27,6
-27,1
-27,5

7350
7270
3240
3020
3451
3143
1511
1704
3212
3609
3902
4274
4895
4904
27,900
2501
863
41,800
1760
1890
3370
3430
3600
3930
4460
1624
3388
3264
3638
8072
1640
1770
3316
3547
3423
3827
4253
7287
1706
1889
886
772
1064
707

±40
±40
±40
±60
±43
±33
±30
±29
±34
±39
±39
±37
±36
±42
±200
±31
±30
±900
±40
±40
±40
±40
±40
±40
±40
±28
±32
±30
±49
±46
±40
±40
±34
±35
±33
±36
±36
±44
±51
±36
±60
±40
±91
±35

Calibrated ages
(INTCAL09)
2 Sigma range
(95%)

7720
7650
3560
3370
3835
3442
1508
1696
3478
4068
4425
4869
5697
5722
32,720
2735
899
46,400
1810
1920
3700
3830
4060
4510
5300
1563
3697
3564
4089
9088
1690
1820
3636
3923
3820
4407
4862
8182
1718
1918
929
739
1177
688

Intercept
age

7910
7820
3380
3000
3592
3274
1340
1539
3371
3834
4183
4825
5587
5587
31,520
2466
726
44,100
1560
1720
3480
3580
3830
4240
4890
1416
3564
3407
3836
8793
1410
1570
3461
3721
3586
4094
4728
8007
1522
1727
685
665
787
567

7820
7720
3450
3230
3700
3370
1390
1610
3420
3900
4360
4850
5600
5640
31,910
2620
750
45,230
1700
1850
3630
3690
3900
4420
5200
1530
3640
3470
3940
9010
1540
1700
3560
3840
3660
4190
4840
8120
1610
1850
790
690
960
670

Table 2.1. AMS radiocarbon dates from the Damchik cores in conventional 14C years and in calibrated years
before present (cal. BP) using the INTCAL 09 calibration curve. Calibrated ages are not corrected for reservoir
effect. U = Utrecht, B = Beta Analytic Inc. 95% probability 2 sigma ranges are shown as well as the best-fit
‘intercept’ with the INTCAL 09 curve as calculated by Beta Analytic Inc. (rounded to the nearest ten years).

Darwinula stevensoni

Cypridopsis vidua

Candona neglecta
P

R (rw) P (rw)
A
P
D
A

Cytherissa bogatschovi

P

R
C

P

P
R

C
R

R

Leptocythere spp.

P (rw)

R

Limnocytherina sanctipatricii

C

P (rw) P (rw)

R
C

P
P

P

D (rw) P

R

Charophytes

Pseudocandona spp.
R
P

R (rw) A (rw)
P (rw)

Table 2.2. Results of ostracod and calcareous microfossil analyses from surface and core samples. P = present, R = rare, C = common, A = abundant,
(rw) = reworked, (?) = questionable specimens.

R P
A
P

R
R

Iliocypris bradyi
R

Bacuniella dorsoarcuata
P (rw)

R

Callistocythere spp.

C
P
P
R
R

Cyprideis torosa
C (rw)
P
R (rw)

Caspiolla spp.

R

P

Leptocythere quinquetuberculata

R
P
R
A
R

Limnocythere inopinata
P
P
P

P

Dreissena spp.

P P (rw)
R (rw) A
P

Iliocypris spp.
P

Bivalves (undifferentiated)

core depth (m)
1,80
2,70
5.20-5.30
5,40
5,68
5,70
R (?)
6.30-6.40
2.80 - 2.90
7.00-7.20
7.20-7.40
1.50-1.60
2,00

Candona spp.

R (?)
R (?)

Caspian Sea
Ostracods (undifferentiated)

0
0
0
0
0
0
0,20
0
1,50

water depth (m)

Brackish

OTHER MICROFOSSILS

C
R

R
P R

P

Gastropods (undifferentiated)
Gastropod operculum

Core Samples
D-17
D-17
D-17
D-17
D-17
D-17
D-17
D-08
D-07
D-07
D-21
D-21

Surface Samples
D-15
D-18
D-09
D-07
D-07 (ilmen)
AVD2
AVD2
AVD2 (ilmen)
AVD3

Freshwater

OSTRACODS
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Figure 2.7. Palynological analysis chart for surface samples collected in the Damchik region. Data for AP and NAP (upper chart) are presented as a percentage
of the PS (Pollen Sum). Data for aquatics and NPP (lower chart) are presented as a percentage of the PS + individual groups. Filled circles denote occurrences of
less than 1%. FTL = Foraminiferal test linings, RW = Reworked. For sample locations see Figure 2.4d.
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inopinata and a juvenile Pseudocandona. Also
present but probably reworked were C. torosa
(common), Leptocythere quinquetuberculata and
Caspiolla. Sample AVD2 (0.20 m) yielded single
specimens of L. inopinata, C. vidua, C. torosa and
rare Callistocythere, as well as several reworked
specimens. Sample AVD3 also contained a single
C. vidua and several undifferentiated gastropods.
Charophyte gyrogonites were recorded in the
AVD2 (0.20 m) and AVD3 samples.
2.4.3. Core samples
Detailed descriptions of the palynological
assemblages recorded in all of the cores studied
are provided in the Supplementary Information
section including complete pollen diagrams
(Figures S1 to S15), lithologies and correlations
(Figures S16 to S19). Results of ostracod and other
microfossil analyses are shown in Table 2.2.
The majority of the core samples contain rich
recoveries of palynomorphs, including mixed
assemblages of pollen, spores, algae and
dinocysts. The pollen spectra include several
types of AP including Pinus, Quercus, Ulmus,
Tilia, Carpinus, Betula, Alnus and Salix. NAP also
occurs frequently and includes Poaceae, Artemisia,
other Asteraceae and Amaranthaceae. Aquatic
pollen from submerged (e.g. Potamogeton) and
emergent forms (e.g. Sparganium and Typha) is
locally frequent. Algae include Pediastrum and
Botryococcus and dinocysts (e.g. I. caspienense,
S. cruciformis and P. cruciformis) occur in low but
consistent numbers. P. cruciformis has not been
previously documented from the Caspian Sea,
being originally described from the Pleistocene
of the Black Sea (Rochon et al. 2002). Also, as
reported by Sorrel et al. (2006) from the Aral Sea,
specimens similar to Romanodinium areolatum
were occasionally observed, and these are included
with the counts of S. cruciformis. Some of these
also closely resemble Galeacysta etrusca, originally
described from the late Miocene (Messinian) of
the Mediterranean Sea (Corradini and Biffi, 1988)
and also known from the early Pliocene of the
Pannonian and Dacic basins (Popescu et al. 2009)
(Plates 2.1-2.3). Fungal bodies are locally frequent.
Reworked components include Neogene and
Paleogene forms (mainly dinocysts) and Mesozoic
and Paleozoic pollen, spores and microplankton.

typical pollen distributions, with frequent NAP in
the lower sections of the cores and increased AP
in the upper parts. Core D-18 (Figure 2.8c) shows
a similar pattern but is almost barren of pollen in
the lowermost section, whereas core D-22 (Figure
2.8d) has a more complete pollen record. The
assemblages in core D-24 (Figure 2.8e) show
little significant change within the studied section.
Changes in aquatic pollen and NPP assemblages,
including reworked elements, are visible in cores
D-07 (Figure 2.9a) and D-09 (Figure 2.9b). Core
D-17 (Figure 2.9c) shows the presence of frequent
freshwater algae (Pediastrum) together with
increased numbers of dinocysts, reworked forms,
fungal hyphae and aquatic pollen in the upper
sections. Core D-18 (Figure 2.9d) shows similar
overall trends, with the additional presence of
frequent fungal spores and localised Pediastrum in
the lowermost section (where pollen was virtually
absent). The aquatic and NPP record from core
D-24 (Figure 2.9e) again shows little overall change
throughout.

Representative summary diagrams are shown in
Figure 2.8 (a-e) for pollen and Figure 2.9 (a-e)
for aquatics and NPP. Cores D-07 (Figure 2.8a)
and D-17 (Figure 2.8b) show good examples of
Supplementary information can be obtained from:
http://journals.sagepub.com/doi/suppl/10.1177/0959683614540961
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Plate 2.1. Photomicrographs of dinoflagellate cysts from the Damchik locality (surface samples and cores). The
scale bar = 20 µm (all photos). Figures 1-3 Spiniferites cruciformis (Wall et al. 1973), AVD2 (ilmen). Figures 4-6
Spiniferites cruciformis (Wall et al. 1973), Core D-07 (6.90-7.00 m). Figures 7-9 Spiniferites cruciformis (Wall et
al. 1973), Core D-07 2.90-3.00 m. Figures 10-12 Spiniferites cruciformis (Wall et al. 1973), extreme morphotype,
?similar to Galeacysta etrusca complex (see Popescu et al. 2009), Core D-24 (7.70-7.30 m).
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Plate 2.2. Photomicrographs of marine palynomorphs from the Damchik locality (surface samples and cores).
The scale bar = 20 µm (all photos). Figures 1-3 indeterminate granular dinocyst, D-07 locality, (surface sample).
Figures 4-5 indeterminate granular dinocyst, D-15 locality (surface sample). Figure 6 microforaminiferal test
lining, AVD3 locality, ‘avandelta’ mud (1.50 m water depth). Figures 7-8 indeterminate granular dinocyst, D-15
locality (surface sample). Figures 9-10 indeterminate granular dinocyst, AVD2 locality (0.20 m water depth). The
‘indeterminate granular cysts’ have varied ornamentation ranging from even ‘granules’ (e.g. Figures 9 & 10) to
small ‘spines’ (e.g. Figures 4 & 5). They have an apical archaeopyle, often with attached plates or operculum,
similar to Batiacasphaera and the 'baggy cysts' of Traverse (1978). Figures 11-13 Impagidinium caspienense
(Marret et al. 2004) AVD2 locality (surface sample). Figures 14-16 Impagidinium caspienense (Marret et al.
2004), morphotype ?similar to the freshwater dinocyst Gonyaulax apiculata, and also spiny forms of Spiniferites
inaequalis Core D-24 (0.40-0.60 m). Figures 17-19 Caspidinium rugosum (Marret et al. 2004), small specimen,
Core D-24 (3.10-3.50m). Figures 20-21 Caspidinium rugosum (Marret et al. 2004), fragment of typical, larger
specimen, Core D-24 (1.70-2.00 m).
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Plate 2.3. Photomicrographs of dinoflagellate cysts from the Damchik locality (surface samples and cores).
The scale bar = 20 µm (all photos). Figures 1-3 Pterocysta cruciformis (Rochon et al. 2002), AVD2 locality
(surface sample). Figures 4-6 Pterocysta cruciformis (Rochon et al. 2002), Core D-21 (3.50-3.60 m). Figures 7-9
Spiniferites cruciformis (Wall et al. 1973), end-member morphotypes; Figure 7 from Core D-24 (7.70-7.30 m)
shows some similarity with Thalassiphora balcanica (Baltes, 1971) and Figures 8 and 9 from Core D-24 (5.90-6.30
m and 7.00-7.30m) with Galeacysta etrusca complex (see Popescu et al. 2009).
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2.5 Interpretation and discussion
2.5.1 Radiocarbon ages
The age-depth profiles (Figure 2.6) show a
good deal of consistency between most of the
radiocarbon ages from the cored sections. The
ages tend to fall in clusters, which might be
an indication that gaps in sedimentation have
occurred, at least in some parts of the delta. These
clusters are 9010 to 7720 cal. BP, 5640 to 3230
cal. BP and 1850 to 670 cal. BP and correspond
with the main phases of active delta deposition
during the Holocene, as originally shown by
Hoogendoorn et al. (2010). Outliers from these
main clusters do occur due to reworking and /
or sediment inversion. Sedimentation rates will
differ between individual cores due to variations
in lithology, but have an average of between 1.00
and 1.5 mm per year, similar to the rate of 1.3
mm per year estimated by Overeem et al. (2003).
The most useful 14C ages are from cores D-07,
D-17, D-18, D-22 and also D-11 (not yet studied
for palynology). The age-depth plot for core D-24
shows clear evidence for sediment inversion and
reworking, which is consistent with the regional
setting and palynological and lithological data.
2.5.2. Surface samples
Pollen data from the surface samples (Figure 2.7)
are broadly comparable with the local and regional
vegetation in that proportions of AP and NAP are
fairly equally represented. High proportions of
Salix pollen are due to the sample locations, most
of which are on the river-margin levees where
willow forest commonly grows. Sample AVD3 was
taken away from the willow forest and has the
lowest percentages of Salix pollen, as might be
expected as Salix is not a large pollen-producer
and the pollen is dispersed both by wind and
insects. The remaining AP content is made up of
mixed tree taxa such as Alnus, Betula, Carpinus,
Quercus, Tilia and Ulmus. Of these, only Quercus
and Ulmus grow in the present day delta (Losev et
al. 1998) in the mixed forest areas (see Figure 2.4c).
The pollen from Alnus, Betula, Carpinus and Tilia
is, therefore, presumably sourced from outside of
the delta region. These are widely dispersed types
and also occur in pollen rain and sea-bed samples
in the north Caspian region (Vronsky 1976). Pinus
accounts for less than 10% of the AP component in
the Damchik surface samples and could be windblown or water-transported from within the Volga
catchment. NAP components, in particular Poaceae,
Artemisia and Amaranthaceae, generally occur at

frequencies of around 20% or less of the PS in the
surface samples, and these are also likely to be
sourced from herbaceous associations within the
delta itself, or wind-blown from the adjacent steppe
and semi-desert areas. The highest proportions
of Poaceae (ca. 40% of the PS) occur in AVD3, and
much of this is probably derived from reedbeds,
where Phragmites is abundant. Pollen components
within the surface samples are therefore thought
to be representing pollen sourced mainly from the
local area (i.e. the delta) and the adjacent steppe
and semi-desert vegetation, but with part of the AP
component resulting from long-distance transport.
Aquatic pollen and spores also reflect the local
delta vegetation in that Sparganium (emergent) is
common in the most northerly (drier) locality (D-15)
whereas Potamogeton and Salvinia (submerged/
floating) are most frequent in the most distal
locality (AVD3), where a single occurrence of
Nelumbo pollen was also recorded. The parent
plant, although very frequent in the lower delta, is
insect pollinated and therefore under-represented
in pollen profiles.
Dinocyst records provide some new information
about the geographic ranges and perhaps
environmental tolerances of several taxa. I.
caspienense, C. rugosum, S. cruciformis and P.
cruciformis all occur in low numbers in samples
taken from the partially flooded areas of the lower
delta (to the south of core D-09 locality) suggesting
that this part of the delta may be influenced by
occasional brackish incursions, or that the dinocysts
observed are tolerant of extremely low salinity to
fully freshwater conditions. An unknown form (a
granular cyst with an apical archaeopyle; Plate 2.2)
occurs further north still (at the core D-15 locality)
and may, therefore, be a freshwater cyst. Rare
occurrences of L. machaerophorum were noted
in the mid-part of the study area (core D -07 and
D-09 localities), where salinity is almost zero. This
species is tolerant of a wide variety of salinities
(e.g. Mertens et al. 2012) but it is unlikely to occur
naturally in fully freshwater conditions, and these
occurrences may be due to reworking, brackish
incursions or wind-blown water surges. A peak
representation of Pediastrum (at AVD2 0.20 m)
suggests a likely ilmen origin for the sample. Freshlooking foraminiferal test linings occur in the most
distal sample (AVD3) with a probable reworked
occurrence in the AVD2 (ilmen) sample, and
suggests slightly increasing salinity in the avandelta
region.
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The overall species composition of pollen and
dinocysts from the surface samples is similar to
that obtained from many of the core samples
studied, in particular those deposited since
around 4000 BP, suggesting that the pollen and
dinocyst spectra obtained, both in core and at the
surface, are giving accurate representations of the
delta vegetation and deltaic environments. The
findings are comparable with previous modern
pollen studies from the north Caspian region,
such as Vronsky (1976) and Bolikhovskaya and
Kasimov (2008). There is no clear evidence that
a large proportion of the pollen in the surface
samples, except probably Pinus and low numbers
of several other AP taxa e.g. Carpinus, have been
carried over very large distances by wind or water.
In general, the results are comparable with the
findings of Cambon et al. (1997) in the Rhône delta
in that the pollen in the surface samples includes
mixed wind-dispersed (atmospheric) and fluvially
transported components, depending on the
sample locations. Low numbers of reworked forms
do occur in the Volga Delta surface samples, which
must be sourced from the Russian hinterland and
transported by water.
The Damchik surface samples also contained
varying proportions of in situ and reworked
ostracods. Autochthonous specimens were fresh
in appearance, often preserved as carapaces
and some retained soft body parts. Abraded
specimens were interpreted as allochthonous,
either transported penecontemporaneously
from adjacent environments or reworked from
older Quaternary deposits. Pseudocandona,
Limnocythere, Candona, Darwinula and Iliocypris
are all freshwater taxa and found at various
locations within the studied area. Cypridopsis
vidua, which occurs in several samples and is
abundant in the AVD2 (ilmen) sample, typically
inhabits well-oxygenated, permanent water
bodies rich in vegetation (Meisch, 2000), whereas
charophyte gyrogonites indicate proximity to
shallow freshwater or brackish pools at the AVD2
(0.20 m) and AVD3 localities. The presence of
Cyprideis torosa and Callistocythere in AVD2 (0.20
m) also suggests a degree of brackish influence.
Taxa such as Leptocythere, Caspiolla, Bacuniella
and Loxoconcha (present in several of the AVD2
and AVD3 samples) are all typical Caspian Sea
taxa with brackish-marine affinities and are most
probably reworked. Samples from the most
landward locations, close to cores D-15 and
D-18, were devoid of any microfossil content. The
ostracod assemblages in the surface samples are
comparable with the palynological observations,

and indicate mainly freshwater conditions in the
delta region with minor brackish influences in the
most distal lower delta and avandelta localities.
2.5.3. Core samples
The CONISS zonations based on the pollen and
NPP records from the eight studied cores indicate
that at least four principal P zones (P1, P2, P3 and
P4) and N zones (N1, N2, N3 and N4) can be
recognised. P2 can be further sub-divided into
sub-zones P2a and P2b, and P4 sub-divided into
sub-zones P4a and P4b. Sub-zones N1a and N1b
are also recognised. As the P and N zonations
are based on separate CONISS sums, it is to be
expected that the zone boundaries are not always
coincident. The P zones give an indication of
changes in the land vegetation, whereas the N
zones illustrate environmental changes in the delta
and aquatic realm. In most instances, however,
the P and N zones occur in a consistent manner
and the principal boundaries usually coincide with
lithological changes and are further constrained
by radiocarbon ages. Additional information from
ostracod and calcareous microfossil studies is
included within the N zone descriptions.
Zone P1. The basal sections of all cores, apart from
D-17 and D-24, contain sandy sediments and some
also show signs of reddish colouration caused
by sub-aerial exposure. For those reasons, pollen
recovery is reduced or low in several samples. The
same samples, however, invariably contain better
recovery of NPP, in most cases of fungal bodies or
reworked elements. No single sample is entirely
barren of palynomorphs but several are excluded
from the CONISS and consequently have no zone
assignments, for example in the lowermost section
of core D-18 (Figure 2.8c). Zone P1 is assigned
within the basal sections of cores D-07 (Figure
2.8a), D-08, D-09 and D-22 (Figure 2.8d) and is
characterised by low diversity pollen assemblages.
Frequent AP is present, mostly consisting of Pinus
and locally Betula (including B. cf. nana), Salix and
Picea (e.g. in core D-22) whereas NAP components
include locally common Amaranthaceae, Poaceae
and Asteraceae. The pollen compositions point to
coniferous and birch forest present regionally and
desert-steppe / desert vegetation present in the
coastal areas by the delta. Cool and alternating
humid / arid climatic conditions are suggested.
The basal section (10.00-8.50 m) in core D-21 is
assigned questionably to zone P1. High numbers of
Pinus pollen suggest that boreal forest was present
in the catchment and humidity high enough for
fluvial discharge and localised sand deposition.
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Further investigation is required but the section in
core D-21 is interpreted as a channel succession.
Zone P2. Zone P2 is inferred in all studied sections,
except core D-24, and is not identified in core
D-21. Sub-zone P2a is characterised by the highest
abundances of Amaranthaceae pollen and is
present as an interval of 2 m or less in thickness
in cores D-07 (Figure 2.8a), D-17 (Figure 2.8b)
and D-22 (Figure 2.8d). The pollen data suggest
that halophytic and / or xerophytic vegetation
extended over large areas in the delta region, most
probably in response to aridification and cooling.
The distribution of sub-zone P2a is irregular over
the study region, and it is likely that the sediments
were deposited in topographic lows away from
or in between the Baer Hills, which would have
had a major influence on sediment distribution.
Radiocarbon results from sub-zone P2a give ages
within the range of 8120 cal. BP (in core D-22) to
7720 cal. BP (in core D-07). Sub-zone P2b is present
in all of the studied cores, with the exception of
D-24 and D-21. The assemblages vary across
the study area but are typified mainly by high
frequencies of NAP, especially Artemisia, Poaceae
and Amaranthaceae. Localised pulses of AP such
as Pinus, Betula and Quercus also occur (e.g. in
core D-22) and Salix pollen is locally common in
cores D-07 (Figure 2.8a) and D-18 (Figure 2.8c).
The pollen records suggest that steppe vegetation
occurred extensively around the delta region at this
time, but with expansion of temperate woodland
during periods of warmer and more humid climate.
The minor peaks of Salix occur in mud-prone
intervals, suggesting that these sections in cores
D-07 and D-18 formed under or close to levees,
similar to those of the present day. Sub-zone P2b
14
is constrained by several C ages giving an age
range of at least 5200 to 3900 cal. BP in core D-17.
Zone P3. Zone P3 is present in all of the cored
sections except D-24. The pollen records are
characterised by increased AP, including Pinus and
Betula, with Quercus, Ulmus, Tilia and Carpinus (the
‘QUTC’ group of Bolikhovskaya, 1990) consistently
present. However, NAP is still dominant in most
samples, with Amaranthaceae, Artemisia, Poaceae
and Asteraceae well represented.
The dominance of NAP suggests that semidesert, steppe and salt-marsh vegetation was
widely present in the region, whereas the higher
occurrences of AP including warm temperate taxa,
for example in cores D-07 (Figure 2.8a), D-09, D-17
(Figure 2.8c) and D-22 (Figure 2.8d), suggest that
forest or woodland vegetation also occurred within
or close to the delta. The most likely interpretation

is that climates at this time were mostly warm, with
increased forest and woodland present during
humid periods and expansion of non-forest
vegetation during drier periods. The most reliable
14
C ages indicate an age range of at least 3700 to
3230 cal. BP for zone P3. A minor hiatus may occur
14
at the base of P3, suggested by a terrace in the C
14
curve for core D-17 (Figure 2.6). A few of the C
ages are inverted (e.g. in cores D-08 and D-18) and
may be indicative of some reworking into the base
of zone P3.
Zone P4. Zone P4 occurs in every one of the
studied cores and has a distinct pollen signal. Subzone P4a is assigned in cores D-07 (Figure 2.8a),
D-08, D-09, D-21, D-22 (Figure 2.8d) and D-24
(Figure 2.8e) and is characterised by frequent NAP,
especially Poaceae and Artemisia, with Asteraceae
and Amaranthaceae also locally common. Pinus
and Betula are the most frequent AP components.
Sub-zone P4b is present close to the surface in the
cores mentioned above and contains increased
numbers of Salix pollen. The pollen association
in sub-zone P4a, with frequent NAP, suggests that
steppe and semi-desert vegetation occurred in and
around the delta region, with boreal coniferous and
birch woodland present in the hinterland. The high
numbers of Salix pollen in many of the near-surface
samples (sub-zone 4b) illustrates that willow forest
was growing on the channel levees, as it does at
the present time. The intervals in D-17 and D-18,
the most landward cores, are assigned only as zone
P4, and contain mixed assemblages of NAP and AP
with Salix occurring only rarely. Core D-24 differs
from the other sections in that an extended zone P4
is present encompassing the whole of the studied
section (Figure 2.8e). Radiocarbon ages indicate a
time period of at least 1850 to 670 cal. BP for zone
P4, but it is assumed to extend more or less to the
present day.
Zone N1. Zone N1 is characterised by the presence
of common reworked forms (sub-zone N1a) and
locally frequent fungal spores and algae (subzone N1b). Reddish brown sands and clays in
the basal sections of cores D-08 and D-09 (Figure
2.9b) contain many reworked Mesozoic dinocysts
indicative of sub-zone N1a. Although deposition
does not often occur in deltaic settings during
lowstands, the high proportions of reworked
palynomorphs suggest significant downcutting
within channel settings, consistent with the
reconstructions for the Volga Delta region by
Rychagov et al. (2010) and Mayev (2010) at the time
of the Mangyshlak lowstand. Samples from higher
in the sections of cores D-08 and D-09 (Figure 2.9b)
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and in cores D-07 (Figure 2.9a) and D-18 (Figure
2.9d) are characterised by frequent fungal bodies
(mainly spores) and locally common Pediastrum
algae (e.g. cores D-07 and D-18) and are assigned
within sub-zone N1b. Fungal spores and hyphae
occur in a wide variety of sediment types but are
most often associated with dry conditions (van
Geel, 2001) and frequently occur in soils or similar
sediments subject to sub-aerial exposure. Fungal
spores (as opposed to hyphae) are more likely to
occur in wind-blown sediments, as they are largely
wind dispersed. They may also be linked with soil
erosion (Leroy et al. 2009; Mudie et al. 2011). The
algae are probably derived from ilmen. Zones P1
and N1 together indicate depositional conditions
varying between sub-aerial, aeolian, hypersaline and freshwater lacustrine, as would have
occurred in the Baer Hills during the Mangyshlak
period. The section 10.00 to 8.50 m in core D-21
is questionably assigned to zone N1 and contains
frequent reworked palynomorphs, consistent
aquatic pollen and locally frequent Pediastrum,
consistent with a channel setting. The overlying
section, 8.00 to 4.80 m, consists almost entirely
of sand, and has no CONISS assignment as only
low numbers of NPP are present. These are mostly
algae and reworked forms, also consistent with the
presence of channel sands.
Zone N2. Zone N2 is interpreted in cores D-07,
D-08, D-09, D-17 and D-18 and is characterised
by frequent freshwater taxa. These include rare
but consistent aquatic pollen, common and locally
abundant Pediastrum algae and low numbers of
dinocysts including S. cruciformis, for example in
cores D-07 (Figure 2.9a) and D-17 (Figure 2.9c).
The high abundance of Pediastrum in core D-17 is
possibly indicative of a former position, or previous
greater extent, of Damchik ilmen which occurs
close to the core D-17 locality at the present time.
Lesser numbers in other sections are probably
picking out smaller delta ilmen. The dinocysts
suggest that low salinity to freshwater conditions
occurred periodically in the delta at this time, with
probable connections to the open waters of the
Caspian Sea.
Samples 7.40-7.20 m and 7.20-7.00 m in core
14
D-07 gave C ages of 7720 and 7820 cal. BP
respectively. Even though the ages are inverted,
the 95% 2 sigma ranges overlap and there is no
suggestion of sediment disturbance or reworking.
The age range of 7820 to 7720 cal. BP is therefore
believed to be valid for the sample interval. Sample
7.40-7.20 m contains an ostracod assemblage
dominated by typically freshwater forms including

Darwinula stevensoni and Limnocythere inopinata.
The sample immediately above, 7.20-7.00 m,
is dominated by mainly smooth specimens of
Cyprideis torosa, suggesting brackish conditions,
although typically freshwater species Cypridopsis
vidua, D. stevensoni and L. inopinata are also
present rarely. This suggests a change from
freshwater to weakly brackish conditions in this
short sample interval in core D-07. Predominantly
freshwater conditions are indicated by ostracod
faunas from core D-17 based on the presence of
D. stevensoni, Iliocypris bradyi, Limnocytherina
14
sanctipatricii and Candona in samples with C ages
of 5200, 4420 and 3900 cal. BP.
Zone N3. Zone N3 is also present in all studied
sections, apart from core D-24, and is characterised
by consistent brackish dinocysts, most notably
I. caspienense and S. cruciformis. Localised
peak occurrences of Pediastrum also occur in
most sections, being especially frequent in cores
D-17 and D-21. Aquatic pollen is also present
consistently, including Potamogeton, Sparganium
and others. Reworked palynomorphs of various
ages occur consistently and are sometimes
common. The combined presence of dinocysts
and algae suggests that deposition occurred in
freshwater to low salinity conditions, with periodic
connections to open water. Freshwater conditions
are indicated by ostracod faunas in core D-17 in
14
samples with C ages of 3690 and 3630 cal. BP,
where D. stevensoni, I. bradyi and Candona were
recorded. Fresh specimens of Leptocythere in the
14
more distal core D-08, in a sample giving a C age
of 3450 cal. BP, suggest brackish to open water
Caspian influences.
Zone N4. Zone N4 is characterised by varying
numbers of aquatic pollen (mainly Potamogeton
and Sparganium), common Pediastrum and
consistent brackish dinocysts, in particular I.
caspienense. Fungal bodies, especially hyphae,
are also locally frequent, for example in cores
D-07 (Figure 2.9a) and D-17 (Figure 2.9c). Two
14
samples from core D-21, with C ages of 1700 and
1540 cal. BP, contained abundant brackish water
ostracods (Cyprideis torosa) as well as brackish to
marine forms (Leptocythere and Callistocythere)
and single specimens of the freshwater forms D.
stevensoni and I. bradyi. Many specimens were
very well preserved, containing the remnants of
soft body parts, indicating an in situ assemblage
with some influence from brackish conditions in the
lower delta and avandelta. Samples of similar age
(1850 and 1700 cal. BP) from the more landward
core D-17 were barren of microfauna. The delta
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environments indicated by the NPP and ostracod
data differ across the study area, although the
common presence of aquatic pollen, algae and
dinocysts is indicative of deposition in freshwater to
very low salinity settings, similar to those that occur
in the lower delta and avandelta at the present
time. Samples with increased aquatic pollen are
most likely to indicate a shift in delta deposition
in a landward direction, with avandelta aquatic
plant associations extending into the lower delta
region and kultuk-ilmen environments present.
The more northerly core D-17 locality probably
had less open water influences at the time of
deposition suggested by the absence of ostracods.
Samples with frequent fungal hyphae tend to
occur in intervals that also contain increased
numbers of reworked palynomorphs, and also
reduced numbers of aquatic pollen and algae.
The hyphae may be derived from soil mychorrizae,
and their presence is consistent with periodically
dry conditions and soil formation, either during
intervals of Caspian Sea relative lowstand or at
times when deposition has occurred away from
the main fluvial channels. The NPP data from
core D-24 show virtually no change throughout,
and an extended zone N4 is present. The mixed
assemblages suggest a kultuk setting in an incised
channel that has subsequently been infilled. The
14
mixing of C ages (within a range of 1850 to 670
cal. BP) supports a channel interpretation (see
Figure 2.6) and suggests that the succession in core
D-24 has been influenced by sediment inversion,
slumping and reworking. The younger ages, within
a 2 sigma range of 1180 to 570 cal. BP, occur in the
lower part of the studied section and are based
on leaf fossils which are most probably In situ, and
14
these C ages are therefore most probably reliable.
This age range closely matches the known age of
the Derbent lowstand and coincides approximately
with the ‘Medieval Warm Period’ (Kroonenberg et
al. 2008).
2.5.4. Phases of delta deposition
Many similarities, and also differences, between
the various zones occur in the individual cores
but the principal zones are believed to be more
or less synchronous and give an indication of
vegetation (P) and environmental (N) responses in
the delta during various phases of deposition. They
broadly correspond to the main phases of active
delta deposition during the Holocene recognised
by Hoogendoorn et al. (2010) based on seismic
character and lithology, and are referred to in
the present study as Delta phases 1, 2, 3 and 4.
Delta phase 1 is older than ca. 9010 cal. BP and

corresponds to zones P1 and N1. Delta phase 2 is
younger than ca. 9010 and older than 3900 cal. BP
and corresponds approximately to zones P2 and
N2. Delta phase 3 is constrained by radiocarbon
ages of between 3700 and 3230 cal. BP and
corresponds approximately to zones P3 and N3.
Delta phase 4 produced ages of 1850 cal. BP and
younger, and corresponds to zones P4 and N4.
2.5.5. Comparisons with the Volga-Akhtuba
floodplain region
The palynological records obtained from the
Damchik cores can be broadly correlated to the
palynological, vegetation and climate scheme
(Bolikhovskaya, 1990; Bolikhovskaya and
Kasimov, 2010) for the lower Volga at the Solenoe
Zajmishche locality in the Volga-Akhtuba floodplain
region, to the north (Figure 2.10). The period
11,500-10,350 cal. BP at Solenoe Zajmishche
was characterised by frequent Pinus, Picea and
Abies pollen, suggesting forest and forest-steppe
vegetation and a relatively cool and humid climate,
and conditions at Damchik were probably broadly
similar. Increased numbers of Amaranthaceae
pollen, and subsequently in tree taxa such as
Carpinus, Tilia and Ulmus in the period 10,350 to
8900 cal. BP suggest that steppe and forest-steppe
were present at the Solenoe Zajmishche locality
and the climate was predominantly dry. Incised
valleys and dune fields (Baer Hills) were present
at Damchik during the Mangyshlak lowstand at
around the same time. Maxima of Amaranthaceae
pollen suggest cold and dry conditions at Solenoe
Zajmishche between 8400 and 8240 cal. BP, and
a similar palynological event occurs in Damchik
in core D-22 (8.30 to 7.30 m, sub-zone P2a)
occurring just below a horizon with a radiocarbon
age of 8120 cal. BP. A comparable event in core
D-07 (7.40 to 7.00 m) produced slightly younger
14
C ages of 7720 and 7820 cal. BP. It is possible,
although unproven, that the Amaranthaceae event
at Solenoe Zajmishche and in core D-22 at Damchik
may be a response to the so-called ‘8200 BP cold
event’ which affected much of Europe
(Magny et al. 2003; Thomas et al. 2007) and has
also been observed in the western Black Sea region
(Filipova-Marinova et al. 2013). Pollen evidence
from the other cores (e.g. D-07) suggests that dry,
but not necessarily cold, conditions continued until
at least 7720 cal. BP.
Warm climatic events during the mid-Holocene
period 6970-4040 cal. BP are evident at Solenoe
Zajmishche where increased numbers of AP,
including Carpinus, Ulmus, Fagus, Tilia, Betula
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and various conifers indicate that forest-steppe
and mixed forest were widespread, whereas NAP
elements remained dominant at Damchik (subzone P2b), suggesting that steppe vegetation
was prevalent close to the delta region. Increased
numbers of NAP including Amaranthaceae,
Artemisia and Ephedra occurred at Solenoe
Zajmishche in the period 4040-3770 cal. BP which
is thought to reflect the expansion of dry steppe
and semi-desert vegetation in response to cold
and dry climatic conditions (Bolikhovskaya, 1990;
Bolikhovskaya and Kasimov, 2010). An equivalent
event is not clearly seen in the Damchik pollen
records but may be marked by a condensed
section or gap in sedimentation: the inferred
timing is also close to the P2 / P3 zone boundary.
The period from 3770 cal. BP to the present day at
Solenoe Zajmishche shows fluctuating but gradually
falling proportions of AP suggesting changes in
vegetation from forest-steppe to steppe, then
from dry steppe to semi-desert, indicating a trend
towards generally drier climates (Bolikhovskaya,
1990; Bolikhovskaya and Kasimov, 2010). This is
broadly comparable with Damchik in that increased
AP (in zone P3) indicates the presence of forest
or woodland communities in the delta region.
Frequencies of NAP then show further increases
(in sub-zone P4a) indicating steppe or semi-desert
vegetation and presumably drier climatic conditions
leading up to the Derbent lowstand period.

Subsequently, aquatic pollen records indicate
landward expansion of avandelta vegetation (in
zone N4). These events probably occurred at a time
when the Solenoe Zajmishche locality was subject
to alternating warm / humid and cold / dry climatic
conditions, with steppe and dry-steppe vegetation
present.
Ages for the phases of delta deposition observed
at Damchik are based on radiocarbon dates from
the individual sections studied, although some
gaps in the radiocarbon record remain. A more
complete picture can be obtained from the inferred
correlation with the regional vegetation and climate
scheme of Bolikhovskaya (1990) and Bolikhovskaya
and Kasimov (2010). Using this correlation,
Delta Phase 1 is likely to represent the period of
approximately 11,500 to 8900 cal. BP, Delta Phase
2 approximately 8900 to 3770 cal. BP, Delta Phase
3 approximately 3770 to 2080 cal. BP and Delta
Phase 4 approximately 2080 cal. BP to the present
day (Figure 2.10).
2.5.6. Caspian Sea level
Conventional (i.e. uncalibrated) radiocarbon
dates, lithological and palynological data from the
present study have been used by Kroonenberg
et al. (2008) and Hoogendoorn et al. (2010) to
produce a new partial sea level reconstruction,
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Figure 2.10. Holocene stages, vegetation and climate in the lower Volga region (after Bolikhovskaya, 1990;
Bolikhovskaya and Kasimov, 2010) and correlation to delta phases and pollen (P) and non-pollen (N) zones in the
present study.
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which also incorporates lowstand data from
the Kura delta (Hoogendoorn et al. 2005) and
highstand data from Dagestan (Kroonenberg
et al. 2007). This is generally in agreement with
other published studies (e.g. Rychagov 1997), in
that a major lowstand episode (the Mangyshlak
event) occurred in the early Holocene before ca.
9000 BP. Subsequently, Caspian Sea levels were
variable in the early to mid-Holocene, but with a
rising trend (at least in the northern Caspian Sea),
reaching a peak at around 2600 BP (Kroonenberg
et al. 2007), coincident with the beginning of
the humid Subatlantic period in Western Europe
(van Geel and Renssen, 1998). The palynological
results from the Damchik cores (this study) are in
broad agreement with these findings, although it
is clear that there are regional differences during
the Holocene and these remain only partially
explained.
For the period 11,500 to 8900 cal. BP (Delta Phase
1, zones P1 and N1), palynological data from
Damchik are mostly consistent with relatively low
Caspian Sea levels, with the dominant assemblages
indicative of erosional and sub-aerial conditions,
as would have occurred during the Mangyshlak
lowstand. Following the relative lowstand, a small
rise in Caspian Sea level, perhaps in association
with wind-blown surges, would have easily flooded
over the delta front areas, and probably occurred
at the onset of Delta Phase 2 (zone P2 and N2) at
around 8900 cal. BP, suggested the presence of low
numbers of brackish dinocysts, for example in core
D-07 (Figure 2.9a) and core D18 (Figure 2.9d). A
cold and dry period (sub-zone P2a) then occurred,
possibly related to the ‘8200 yr cold event’, which
may have coincided with a fall in Caspian Sea
level interpreted by Varushchenko et al. (1987) at
around the same time. Pollen composition in the
remainder of Delta Phase 2 is dominated by NAP
with freshwater algae (Pediastrum) frequent and
dinocysts occurring rarely; these are consistent
with generally high Caspian Sea levels and kultukilmen deposition. The high levels of NAP are likely
to have been sourced from steppe and reedbeds.
Dinocyst evidence from the central and southern
Caspian Sea regions also suggests that early to
mid-Holocene Caspian Sea levels were mainly high,
with highest levels being reached prior to ca 4000
cal. BP, coinciding with maximum abundances of
the dinocysts P. psilata and I. caspienense, caused
by increased glacial melt-water from the Pamir
Mountains via the Uzboy and Amu-Darya river
systems (Leroy et al. 2007, 2013a). The end of Delta
Phase 2 at Damchik occurs at more or less the
same time as a cold and dry episode interpreted

at around 4000 cal. BP at Solenoe Zajmishche
(Bolikhovskaya and Kasimov, 2010). This event
is not discernible in the Damchik pollen records
but it may be represented as a hiatus or break in
sedimentation (between zones P2/N2 and P3/N3).
The onset of Delta Phase 3, at around 3770 cal.
BP, is represented in the palynological records
by increased AP, increased reworking and more
frequent dinocysts (especially I. caspienense). It is
likely that this was a period with variable Caspian
Sea levels; warm and humid conditions in the
catchment (Bolikhovskaya and Kasimov, 2010)
would have enabled significant Volga run-off,
leading initially to a Caspian Sea rise, followed by
a period of fall, with an outbuilding of the delta
allowing colonisation of the delta plain by arboreal
species. There is no positive evidence that the
‘2600 BP highstand’ (Kroonenberg et al. 2007) is
represented in the delta palynological records;
it could be represented by one of the peaks in
aquatic (avandelta) taxa (e.g. in core D-08 at 2.10
m) but there is no specific age information to
confirm this. The period from 2080 cal. BP to the
present day (Delta Phase 4) is also likely to have
been a period of varying Caspian Sea levels, with
an initial rise indicated by increased aquatic pollen
and freshwater algae in several cores after ca 2080
cal. BP, followed by increased NAP and fungal
bodies associated with the Derbent lowstand
event, which is well documented from around
the northern Caspian region. Caspian Sea level is
thought to have dropped to at least 3 m (Rychagov,
1997; Rychagov et al. 2010) or perhaps 20 m or
more (Kroonenberg et al. 2008) below its present
level at this time. This event is clearly evident in
the palynological records from core D-24 where
an incised channel succession is dated at between
1180 to 570 cal. BP, more or less time-equivalent
to the ‘Medieval Warm Period’ (Kroonenberg et
al. 2007, 2008). A major increase in aquatic pollen
is evident in all of the studied cores towards the
top of zone N4, indicating landward expansion
of the avandelta associations once again. This is
likely to have occurred within the last few hundred
years and probably represents recent rises in
Caspian Sea level coincident with the ‘Little Ice
Age’ (Kroonenberg et al. 2007; Badukova and
Kalashnikov, 2010) and also observed by Leroy
et al. (2011) and Naderi Beni et al. (2013b) in the
southern Caspian region.
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2.5.7. Comparison with the Mio-Pliocene
palaeo-Volga Delta
The modern Volga Delta is a partial analogue for
the Mio-Pliocene palaeo-Volga Delta (Abdullayev
et al. 2012; Kroonenberg et al. 2005), which
contains large oil and gas reserves in the Central
and South Caspian basins, more than 500 km to
the south of the present day delta, in sediments of
the Productive Series (Reynolds et al. 1998). The
palaeo-Volga was much larger than the present day
delta and deposited mainly clastic sediments up
to ca 6000 m or more in thickness over a period of
about 2.6 Ma (Abdullayev et al. 2012) in the latest
Miocene and Pliocene. Depositional models and
generalised stratigraphy for the Productive Series
are presented by Abdullayev et al. (2012), Abreu
and Nummedal (2007), Baganz et al. (2012), Green
et al. (2009),Hinds et al. (2004) and others. During
the late Miocene (Pontian), the Caspian Sea was
connected to the Para-Tethyan oceans (Reynolds
et al. 1998). Subsequently, between 6 and ca
5.3 Ma, a major base-level fall of approximately
1500 m (Abdullayev et al. 2012) resulted in the
formation of the palaeo-Volga canyon. This is
incised more than 500 m below the present
ground level and can be traced almost 2000 km
northwards from the mid-Caspian region into the
Russian platform (Kroonenberg et al. 2005). The
isolated South Caspian Basin was then rapidly refilled with fluvio-lacustrine sediments, initially with
Lower Productive Series deposits during the latest
Miocene to Pliocene, followed by Upper Productive
Series during the Pliocene. The latter contains the
Fasila (Pereryv) and Balakhany units which are the
principal oil and gas reservoirs (Abdullayev et al.
2012; Baganz et al. 2012; Green et al. 2009).
Palynological analyses of the Upper Productive
Series in core samples from the offshore AzeriChirag-Gunashli (ACG) field showed that most
of the mud-prone samples studied were of
lacustrine origin (Reynolds and Lowe, 2004) and
the associated reservoirs are interpreted as fluvial,
fluvio-lacustrine and deltaic (Abdullayev et al.
2012; Bowman et al. 2008a, 2008b). Three principal
‘palynofacies types’ can be recognised: ‘Delta
Front’, ‘Caspian Lake’ and ‘Lake Margin’ (Figure
2.11). ‘Delta Front’ associations are characterised
by frequent Pinus and Pediastrum, and represent
phases when catchment climate was relatively
humid, and palaeo-Volga discharge relatively
high (Figure 2.11a). The Pediastrum algae may
be sourced from the catchment, ilmen and from
the shallow, largely fresh waters at the delta front.
‘Caspian Lake’ associations (Figure 2.11b) contain
increased pollen from mixed and swamp forest,

locally common Amaranthaceae and consistent
numbers of freshwater to brackish dinocysts, most
often S. cruciformis and C. rugosum, and show
some similarities with the kultuk in the modern
delta. ‘Lake Margin’ associations (Figure 2.11c)
are characterised by localised increases in fungal
hyphae or spores, together with increased NAP
and, in some instances, dinocysts. These ‘Lake
Margin’ assemblages relate to periods of minimal
runoff, with sub-aerial exposure of lake-margin
muds and expansion of halophytic and xerophytic
plant associations within the delta plain regions.
The three palynofacies types described do not
adequately account for all the palynological and
depositional variations observed in the offshore
area, and they are most directly applicable to
the Fasila and lower Balakhany units. These
‘palynofacies types’ have sedimentary significance
in that they broadly mirror the features and
processes observed in the modern Volga Delta, for
example by Belevich (1956, 1960, 1963), Rusakov
(1990) and Kroonenberg et al. (1997) (Figure 2.12).
‘Delta Front’ palynofacies in the Pliocene delta are
associated with amalgamated to isolated channel
sands, minor siltstone and mudstone which are
the main hydrocarbon reservoirs in the Productive
Series. They were deposited in shallow water, not
more than tens of metres according to Reynolds
and Lowe (2004), at the delta front (equivalent
to the lower delta and avandelta in the present
day delta). ‘Caspian Lake’ palynofacies in the
Pliocene delta are associated with finely laminated
mudstones, siltstones and minor sandstone, which
typically have low reservoir quality. They were
deposited at the distal delta front to pro-delta
(equivalent to the distal avandelta in the present
day delta); ‘Lake Margin’ palynofacies extended
over very large areas of the basin during the
Pliocene in response to extremely low river run-off
(Richards, unpublished).
They vary between a thickness of only a few
millimetres to tens of metres, consisting mainly of
fine-grained sediments with little or no reservoir
quality. There is no exact analogue for the
‘Lake Margin’ palynofacies in the modern delta,
although similar palynomorph assemblages (with
frequent fungal bodies) occur in several of the
Damchik cores associated with the early Holocene
Mangyshlak and late Holocene Derbent lowstand
events. True deltaic influences are diminished in
the upper part of the Upper Productive Series
in the Sabunchy and Surakhany units; outcrops
are predominantly of fluvial origin (Vincent et
al. 2010) with ‘playa lake’ sediments and thick
evaporites present in the offshore area (Abdullayev
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Figure 2.11. Simplified depositional / palynofacies models for the Pliocene palaeo-Volga Delta in the South
Caspian Basin: 2.11a ‘Delta Front’, 2.11b ‘Caspian Lake’, 2.11c ‘Lake Margin’. Reproduced with permission from
BP Caspian Sea Ltd.
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Figure 2.12. Schematic diagram of typical sediment distribution in the Mio-Pliocene palaeo-Volga Delta at the
ACG locality in the South Caspian Basin showing analogies with sedimentary features in the modern delta and
‘palynofacies types’. The inset panels are schematic cross-sections based on typical well sections within the Fasila
and Balakhany units of the Upper Productive Series. High net-to-gross sediments have high sand content, low
net-to-gross sediments have low sand content. Reproduced with permission from BP Caspian Sea Ltd.

et al. 2012). Potential analogues for these Upper
Productive Series units include Lake Eyre, Australia,
and some of the isolated lakes in central Asia, e.g.
the Karakiya depression, Kazakhstan (Richards,
unpublished).
Both the Mio-Pliocene and modern deltas were
deposited in closed lacustrine basins, not directly
affected by marine influences, with sedimentation
controlled by climate, fluvial discharge and base
level, and both show evidence for significant
variations in Caspian Sea level. The Holocene delta
was largely aggradational during rising levels and
progradational when levels were falling (Overeem
et al. 2003) whereas the Mio-Pliocene delta was
predominantly aggradational (Abdullayev et al.
2012) and shows more extremes of deposition
as it represents the infilling of an underfilled lake
(Bohacs, 2012; Green et al. 2009). Sediments
deposited during the early Holocene Mangyshlak
lowstand in the modern delta are characterised
by largely reworked palynological assemblages,
and similar reworking patterns can be seen in

several intervals within Productive Series outcrops
in Azerbaijan (Richards, unpublished). The modern
delta supports largely cool temperate and semiarid plant associations, whereas the Mio-Pliocene
delta shows good pollen evidence for the presence
of warm temperate and swamp associations in
some parts of the stratigraphic record (Richards,
unpublished). In both cases, cooler climates are
indicated by a southward expansion of the boreal
forest belt, with higher frequencies of coniferous
pollen (mainly Pinus) recorded. River margin
trees during the Mio-Pliocene included frequent
Taxodiaceae, which became extinct in the Caspian
region towards the end of the early Pleistocene
according to Filippova (1997), although the
possibility of relict populations persisting more
recently is considered by Sorrel et al. (2007). The
niche occupied by Taxodiaceae in the Mio-Pliocene
delta is filled by Salix in the modern delta. Steppe,
desert and halophytic associations are probably
represented by more or less the same pollen
types (e.g. Poaceae, Asteraceae, Artemisia and
Amaranthaceae) during both the Mio-Pliocene
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and Holocene, and are indicative of periods of
dry climate. Dinocysts (e.g. S. cruciformis and C.
rugosum) and algae (e.g. Pediastrum) occur in both
the Mio-Pliocene and modern deltas, and are useful
for estimating relative brackish and freshwater
influences. Fungal bodies are also present in both
deltas, and are thought to be broadly indicative of
Caspian Sea relative lowstands.

2.6 Conclusions
New palynology and ostracod data from the
Damchik region provide a record of Holocene
vegetation and the sedimentary history of the lower
Volga Delta. Clusters of 14C ages occur at 9010 to
7720 cal. BP, 5640 to 3230 cal. BP and 1850 to 670
cal. BP and illustrate the main phases of active delta
deposition. Further age refinement is obtained by
correlation to a well-dated succession at Solenoe
Zajmishche to the north. Average sedimentation
rates at Damchik during the Holocene were in the
region of 1.0 to 1.5 mm per annum.
There is a close similarity between the assemblages
in the surface samples and the upper sections of
the studied cores. AP and NAP are more or less
equally represented in surface samples, with high
proportions of Salix pollen derived from willow
forest close to the sample collection locations, and
other AP sourced from mixed forest within or close
to the delta and from long-distance dispersal e.g.
Pinus. NAP is sourced mainly from reedbeds within
the lower delta (e.g. Poaceae) with other types
(e.g. Amaranthaceae and Asteraceae) sourced
from deltaic herb communities, nearby steppe and
semi-desert. Aquatic pollen and ostracods in the
surface samples indicate predominantly freshwater
conditions with minor brackish influences in the
lower delta and avandelta. Dinocysts present
are low salinity to freshwater forms such as I.
caspienense, S. cruciformis and P. cruciformis, the
latter recorded for the first time in the Caspian Sea.
Deposition during the period 11,500 to 8900
cal. BP was linked with the Baer Hills, the dune
field formed in the north Caspian region during
the Mangyshlak lowstand. Fungal spores are
considered good indicators of aeolian activity
whereas reworked palynomorphs characterise

infilled channel deposits. Freshwater to brackish
deposition continued in the topographic lows
between 8900 and 3770 cal. BP with periodic
connections to the open water Caspian Sea.
Widespread halophytic / xerophytic vegetation
indicates a dry climate at least between 8120
and 7720 cal. BP. Vegetation in the delta region
subsequently consisted of steppe and forest during
periods of warmer and more humid climates, with
boreal forest present in the Volga catchment. The
period 3770 to 2080 cal. BP has evidence for forest
or woodland close by during periods of climatic
warming with frequent reworked palynomorphs
indicating significant input from hinterland sources
and active delta deposition at this time. Steppe
vegetation was widespread and cold temperate
forest present in the region from around 2080
cal. BP to present day, indicated by increased
proportions of NAP and localised peaks of Pinus
and Betula. Episodes of rising Caspian Sea levels
are marked by increased representation of aquatic
plants such as Potamogeton and Sparganium when
avandelta vegetation extended landwards. Fungal
hyphae are probably linked with drier climates
and soil formation during the Derbent regression
at around the time of the ‘Medieval Warm Period’.
Further landward expansions of avandelta aquatic
associations occurred within the last few hundred
years due to rising Caspian Sea levels during the
‘Little Ice Age’.
Similarities and differences exist between the
present day Volga Delta and the much larger oil
and gas bearing Mio-Pliocene palaeo-Volga Delta.
Similar ‘palynofacies types’ occur in both the older
and modern delta. However, the Holocene delta
is only a partial analogue for the Mio-Pliocene
Productive Series, as it is a much smaller feature
representing only the last 12,000 years or so of
deposition. The Pleistocene ‘wandering delta’
described by Kroonenberg et al. (1997) is a more
complete analogue. This is a much larger and more
varied deltaic succession, deposited over a large
area to the north of the present day Caspian Sea
during the last 700 ka or more years, and contains
a sedimentary record, not yet fully studied, of largeand small-scale events caused by rapid changes in
Caspian Sea level.
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CHAPTER 3
Late Pleistocene to Holocene evolution of the Emba Delta, Kazakhstan, and
coastline of the north-eastern Caspian Sea: sediment, ostracods, pollen and dinoflagellate cyst
records
Abstract
Six cores, each approximately 10 m long, of late Pleistocene to Holocene age were studied from the Emba
Delta region in the north-eastern Caspian Sea. Radiocarbon dates provide ages within the range of 47,820
to 12,020 cal. BP for the middle sections, and for post-1950 close to surface. The ages fall within Marine
Isotope Stage (MIS) 3, MIS 2 and MIS 1 (with MIS 4 also inferred). Four lithological units are present, each
separated by an erosional contact. Unit 4 is equated with MIS 4 and consists of over-consolidated, eastwest trending aeolian sands deposited during the late Pleistocene Atelian lowstand. Unit 3 is equated with
MIS 3 and is a low-energy, shallow open water or lagoonal deposit based on ostracod faunas. Pollen from
mesophilic trees is common, confirming warm climatic conditions. Floristic elements such as Engelhardia
and Carya were shared with East Asia. Frequent Taxodiaceae pollen occurs, derived from Glyptostrobus
pensilis, a seasonal freshwater swamp tree, now found naturally only in isolated relict stands in East Asia.
This suggests that the north-eastern Caspian region was a ‘refugium’ supporting Glyptostrobus swamp
vegetation during MIS 3. There is no evidence to indicate that these are reworked occurrences. Unit
2 consists of early Khvalynian transgressive barrier sands and Unit 1 of shoreface sands and muds of
Holocene age. The late Khvalynian highstand and the Last Glacial Maximum (LGM) record are eroded by
the Mangyshlak unconformity after ca. 12,500 cal. BP. The Holocene interval contains frequent foraminifera
and dinoflagellate cysts (dinocysts) of restricted ‘marine’ affinity (e.g. Lingulodinium machaerophorum).
The dinocysts Pterocysta cruciformis and Impagidinium inaequalis are found commonly in the Caspian Sea
for the first time. Results are compared with palynological and ostracod assemblages in surface samples
from the eastern Caspian Sea coastal region.
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3.1 Introduction
The Caspian Sea and a large part of the
surrounding land area are more than 25 m below
present global sea level (bgsl); the northernmost
part of the region (Figure 3.1), where water depths
are especially shallow (less than 10 m), is especially
susceptible to the effects of flooding due to
Caspian Sea level change. Towns such as Astrakhan
and Atyrau and several production facilities and
associated infrastructure in this major oil and gas
producing region are situated in the near-coastal
region and potentially vulnerable to flooding. To
address this problem, a research project was set
up by Delft University of Technology in association
with Agip Kazakhstan North Caspian Operating
Company N.V. (Agip KCO) to investigate the coastal
dynamics of the north-eastern coastal zone and to
assess the risk posed by Caspian Sea level change
to industrial and social development in the region.
Caspian Sea level changes of more than 100 m
are known to have occurred within the last 30,000
years and understanding the causes and effects of
those changes will help to plan for events of similar
magnitude in future. Global climates are predicted
to become warmer than at present (IPPC 2013;
Friedrich et al. 2016) with the likelihood that in the
mid-latitudes, dry regions may become drier and
wet regions may become wetter (Summerhayes,
2015). As the Caspian catchment contains extensive
wet regions and dry regions, this makes predictions
of future river flow and Caspian Sea level changes
(e.g. Elguindi and Giorgi, 2006; Arpe et al. 2013)
especially uncertain.
A specific objective was to understand the role
played by barrier bars and dunes in coastal
protection. Barrier bars are important as they
dissipate wave energy and promote lagoon
formation, thus reducing coastal erosion, whereas
dunes provide flood protection in the low-lying
coastal regions. The project utilised seismic
surveys in conjunction with sedimentology,
micropalaeontology and palynology of cores
taken in the offshore coastal region, and also from
surface samples, to build a depositional model
for the latest Pleistocene to present day. Results
obtained have provided new insights into the
recent geological history of the Emba and Ural
Delta regions that can be incorporated into present
day and future flood defence programmes.

3.2

Regional setting

3.2.1. Geology of the North Caspian Basin
The North Caspian Basin was initially formed in a
rift zone as part of the Pre-Caspian Basin sometime
between the Late Proterozoic and Middle Devonian
(Volozh et al. 2003). In the Late Devonian to Early
Carboniferous, a marine transgression deposited
carbonates at the basin margins and deep-water
shales and turbidites in the basin centre. Carbonate
deposition continued until the Late Carboniferous
when tectonic inversions in the North Caspian
Basin led to sub-aerial exposure of the carbonate
platforms. By the Middle Permian, the basin was
isolated from the global oceans by the Ural and
Karpinskian mountains, and subsequent drying
out of the foreland basin led to the deposition
of thick evaporites (Brunet et al. 1999). Clastic
sediments were then deposited on top of the salt
in the Late Permian and throughout the Triassic.
The collision of the Iranian plate in the Late Triassic
produced a major regional unconformity, after
which gentle subsidence continued throughout
the Jurassic and Cretaceous (Ulmishek, 2001a,
2001b; Golonka, 2007) with subsequent deposition
of fine-grained marine muds and marls that
continued into the Cenozoic. Collision of the Indian
plate in the Paleocene created uplift along the
southern boundary of the basin, and since that time
interbedded sands, marls and shales have been
deposited in relatively shallow water.
After a period of connection to the world’s
oceans during the Pontian regional stage of the
late Miocene (Popov et al. 2006), the Caspian
Sea became isolated due to tectonic uplift in the
Caucasus and major subsidence in the South
Caspian Basin initiated by the Arabia-Eurasia
collision. This isolation of the Caspian Sea was
broadly time-equivalent with Messinian sea level
fall in the Mediterranean region (Reynolds et al.
1998), although the base level fall in the South
Caspian Basin was most probably caused primarily
by rapid subsidence (Kroonenberg et al. 2005).
As a result, the Palaeo-Volga River carved out a
canyon up to ~400 m deep in the Middle and
North Caspian Basins, which serves as a conduit for
deposition of oil- and gas-rich sands in the South
Caspian Basin (Green et al. 2009; Abdullayev et al.
2012). From the Miocene onwards, there has been
no significant subsidence in the North Caspian
Basin and sedimentation rates are therefore slow.
The deposits of the Pliocene and Quaternary
generally do not exceed a thickness of 300 m in
the North Caspian Basin (Kroonenberg et al. 2005)
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Figure 3.1. Location map. The central map shows the study area and the borehole locations. The inset shows
the general location of the study area in the North Caspian Basin.

whereas equivalent strata in the South Caspian
Basin reach up to 10,000 m in thickness (Allen et
Figure
al. 2003) (Figure 3.2). Multiple transgressions
and1
regressions occurred in the Plio-Pleistocene and
Holocene (Rychagov, 1977, 1997; Bezrodnykh et al.
2004; Svitoch, 2014), driven primarily by regional
and global climatic changes (Kroonenberg et al.
2008). A summary of Pleistocene to Holocene
Caspian Sea regional stages and inferred
correlation to MIS, Black Sea stages and global
chronostratigraphic units is presented in Figure 3.3.
3.2.2. Basin and coastal morphology
The North Caspian Basin is the shallowest part of
the Caspian Sea and makes up about 25% of the
area, though its water volume comprises less than
1% of the total (Kosarev and Yablonskaya, 1994).
Average water depths are around 3 m with slightly

deeper waters (maximum of around 10 m) present
within the Ural and Mangyshlak furrows where the
former relief unites the ancient drainage channels
of the Palaeo-Ural and Palaeo-Emba rivers (Leont’ev
and Foteeva, 1965). The north-eastern onshore
region is characterised by a flat coastal plain and
numerous marine terraces which extend inland
for up to 100 km, and the Volga, Ural and, to a
lesser extent, Emba rivers dissect this largely flat
landscape (Figure 3.4). Submarine bars are present
parallel to the shoreline in the Ural Delta region
and small flat islands consisting of marine shell
deposits (often capped by vegetational remnants
locally named shalygi) exist along the coast from
the Emba Delta to the Komsomolets Gulf, although
many are now drowned by recent rises in Caspian
Sea level (Verlinden, 2009). The coastal area is
fringed with dense Phragmites reed beds, whereas
between the Ural and former Emba Delta many
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Figure 3.2. North-South cross-section through the Caspian basins, showing the extreme thickness of the
Neogene in the South Caspian Basin and extensive Permian salt diapirs in the stable North Caspian Basin
(after Kroonenberg et al. 2005).

small saline depressions (sors) occur (Figure 3.5).
Also found throughout this area are the so-called
‘Baer knolls’ (Baer, 1855); these east-west oriented
hills up to 10 m high are a product of aeolian
processes (Leont’ev et al. 1977; Kroonenberg et al.
2005).
3.2.3. Rivers, sediment composition and
provenance

furrow and around the Ural Delta, with additional
minor input from aeolian and Volga-sourced
sediments. The area to the south and east of the
Ural furrow receives most terrigenous material,
mainly aeolian sediments, from the Buzachi
Peninsula.

Figure 2 The Emba River has a length of approximately 640

The Volga River provides ca. 80% of the total
water supply to the Caspian Sea with a sediment
output of around 38 million m3-a (Castelltort and
Van Den Driessche, 2003). The river drains an area
of approximately 1,380,000 km2 with an average
annual discharge of 241 km3 recorded between
1880 and 1980, with peak runoff occurring in
April to June following snow melt (Kosarev and
Yablonskaya, 1994). The Ural River is approximately
2534 km long and flows southwards from the Ural
Mountains, reaching the Caspian Sea to the south
of the city of Atyrau. Discharge in the Ural Delta
varied between 3 km3 and 20.5 km3 (average 8.1
km3) per year between 1930 and 1980, with 80%
of the discharge typically recorded between April
and August, and with minimum outflow around
the time of first winter ice formation (Kosarev and
Yablonskaya, 1994). Around 20% of Ural water
discharge flows along the Yaitsky branch with 80%
flowing via the Zolotoi branch, which forms part
of the Ural shipping channel to the Caspian Sea
and connects the mouth of the river with the Ural
furrow (Kosarev and Yablonskaya, 1994). Sediment
outflux from the Ural is around 2.2 million m3 per
year (Castelltort and Van Den Driessche, 2003) and
accounts for most of the sedimentation in the Ural

km and drains from the Mughodzar hills east of the
North Caspian Basin. It flows through the northern
part of the Ustyurt Plateau and splits into two
channels near the town of Kul’sary and terminates
in a series of shallow lagoons/swamps before it
reaches the Caspian Sea. Water flow in the Emba
River is strongly seasonal, drying out in the summer
(Akijanova, 2001). Sediment flux from the Emba is
negligible at present, however, strong outfluxes
of sediment into the north-eastern Caspian Sea
have occurred in the past, most recently in the 18th
Century (Khrustalev and Ryshkov, 1975).
3.2.4. Currents and climate
The main water currents in the Caspian Sea are
controlled by wind, coastline geomorphology,
bottom geometry and river discharge. Water
outflow from the Volga River follows the western
shore southwards towards the Apsheron Peninsula.
This inflow of fresh water, in combination with
the Coriolis Effect, drives the predominantly anticlockwise current direction of the north Caspian
Sea. Outflow from the Ural River further increases
this cyclonic current (Kosarev and Yablonskaya,
1994; Kosarev, 2005). The prevailing wind
direction in the northern Caspian Sea is easterly
although westerly and north-westerly winds are
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also common (Kosarev, 2005). Creation of waves
by winds is restricted by the low water depths
with north-westerly, easterly and south-easterly
travelling waves prevailing. Maximum wave height
increases with water depth; storm wave heights
near the Volga Delta are typically around 0.5 m
while at the shelf edge, towards the deeper middle
Caspian, waves may reach 4 m or more (Kosarev,
2005). Wind-blown storm surges on the northeastern coast, from the Emba River mouth to the
Komsomlets Gulf, typically reach 2.5 m at most and
may flood the coastal region up to 30 km inland
(Akijanova, 2001).
The Caspian Sea covers an area of more than
370,000 km2 and crosses several climatic zones.
The northern Caspian region falls within a zone
of temperate continental climate whereas the
southern and south-western areas are sub-tropical,
and the eastern coastal areas are largely arid
(Kosarev, 2005). These north-south and east-west
gradients are reflected by the vegetation belts
across the region. Large temperature shifts also
occur between the summer and winter months.
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In mid-summer, the average water temperature is
24°C and in some shallow parts water temperatures
can rise up to 35°C. Ice usually starts to form in
November and in severe winters the area of the
Caspian Sea to the north of ca. 44°N is covered with
ice, whereas during milder winters only the areas
within the 2 m to 3 m isobaths are ice covered
(Kosarev and Yablonskaya, 1994). Salinity of the
north Caspian varies from around 0.1‰ in the far
north to around 11‰ further south, controlled
mainly by the influx of freshwater from the Volga
and Ural rivers (Kosarev and Yablonskaya, 1994).
The Caspian Sea has a high sulphate and calcium
content and these high concentrations, combined
with a high water temperature in the summer,
promote gypsum (CaSO4.2H2O) formation. Caspian
Sea water is also rich in magnesium sulphate
(MgSO4) due to high concentrations in Mg2+ and
SO2-4 ions in water from the Volga and Kura rivers
(Millero and Chetirkin, 1980). Mining of minerals
such as sodium chloride (NaCl) and magnesium
chloride (MgCl2) takes place in some areas where
evaporation is high (Kosarev and Kostianoy, 2005).
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Figure 3.3. Stratigraphic summary diagram showing Pleistocene and Holocene sub-divisions and correlation to
Caspian and Black Sea regional stages (not to scale). Derived and simplified from various sources. Ages in Ma
for Pleistocene subseries and calibration to Russian Stages are from Cohen and Gibbard (2016); ages in ka for
Marine Isotope Stages are from Lisiecki and Raymo (2005). Caspian Regional Stages and Sub-Stages are based
primarily on Yanina (2012, 2014) and Svitoch (2014). Black Sea Regional Stages are based primarily on YankoHombach (2007), Yanko-Hombach and Motnenko (2011) and Panin and Popescu (2007). Correlations of Caspian
Sea and Black Sea Stages are based mainly on Yanina (2014), Sorokin (2011), Svitoch et al. (2000) and Jones
and Simmons (1996). Calibration of the Apsheronian to Bakunian boundary follows van Baak et al. (2013). M =
Mangyshlak, En = Enotaevsk, El = Elton, Chr = Chernoyarsky, Ven = Venedsky, Tur = Tyurkyansky,
Tar/Sur = Tarkhankutian/Surozhian, Post-Kar = Post-Karangatian, Kar = Karangatian
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Figure 3.4.Morphological zones in the north-eastern Caspian Sea and locations of photos A, B, C and D of
Figure 3.5 (after Google Earth 2008; Kamlesh and Dessinov, 2000).

Figure 4
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AA

BB

CC

DD

Figure 3 . 5. A) Satellite image of longitudinal dunes east of Atyrau Kazakhstan, with evaporites or ice in the
interdunal areas (Google Earth, 2008); B) Reed islands (‘shalygi’) with overflow deposits (Google Earth, 2008);
C) The coastal plain with ‘sors’ (shallow saline lakes/ponds) and ‘solonchak’ (salt-marsh) south of Kul’sary,
Kazakhstan; D) North Caspian lagoon with reed islands (Bolattiguzzo, 2004). The photo locations are indicated
in Figure 3 . 4.

3.2.5. Caspian Sea level change

the coastal morphology (Leont’ev et al. 1977;
Kroonenberg et al. 2000). Recent work by Pánek
Surface water level of the Caspian Sea is presently
et al. (2016) has identified landslides to the north
at an elevation of approximately -27.5 m bgsl with
and west of the Urstyurt Plateau and Mangyshlak
a maximum water depth of 1025 m in the southern
Peninsula, dated to within the last 43,000 years
basin. The hydrological balance is controlled mainly that they associate with Caspian Sea (early and
Figurelate
55 Khvalynian) highstands. Regressions caused
by inflow from major rivers, such as the Volga Figure
and the Ural, and evaporation of surface waters,
the basin to shrink, leaving large parts of the North
especially from the Kara Bogaz Gol on the eastern
Caspian Basin sub-aerially exposed and subject
shore (Arpe et al. 2012, 2013). At least four major
to erosion, as occurred most recently during
transgressions are known to have occurred in the
the Mangyshlak regression (latest Pleistocene
middle to late Pleistocene (Figure 3.3) during the
to early Holocene) and Derbent regression (late
Bakunian, Khazarian, Khvalynian and Novocaspian
Holocene), linked to the Medieval Warm Period
local stages (Yanina, 2012; Svitoch, 2014; Richards
(Kroonenberg et al. 2008; Richards et al. 2014).
et al. 2011). Pronounced shorelines developed
Caspian Sea level subsequently reached a peak
at maximum highstand stages, thus shaping
almost 10 m higher than the present day in 1304
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AD and then fell to below present levels by 1587
AD (Naderi Beni et al. 2013). Levels began to rise
again during the so-called Little Ice Age by 1628
AD and again after 1771 AD (Leroy et al. 2011;
Naderi Beni et al. 2013). Since then Caspian Sea
level has mostly fallen, reaching a low point of -29
m bgsl in 1977 (Lepeshevkov et al. 1981) followed
by rise of almost 3 m until 1995, with falls again
recorded over the last 20 years or so (Haghani et al.
2016). Yearly fluctuations within a range of ca. 0.4
m occur due to snow melt and minor changes in
the water balance of the river drainage areas and
can have a significant effect on coastal dynamics,
especially in the shallow northern region (Kosarev
and Yablonskaya, 1994). During each sea level
cycle, the eastern coast of the north Caspian Sea is
subject to extreme shifts in coastline geometry due
to the limited influx of sediment and the extremely
low gradient of the coastal region and adjacent
hinterland.
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Figure 3.6. Surface sample localities on the
Mangystau Peninsula studied for palynology and
micropalaeontology.

3.3

Methods

Six cores, CDSA to CDSF, were acquired in 2009
in the Emba Delta region of Kazakhstan (Figure
3.1). The core locations were situated seaward
of the 1975 lowstand coastline, which follows
approximately the 2 m isobath, and were selected
from shallow seismic surveys to penetrate all
representative strata. Cores were taken from a
drilling barge (Wagenborg) using a Wireline-Push
sampler with 70 mm PVC liners inserted in the
core barrel. After sampling, the ends of the liners
were sealed with a cap and wax and stored in a

cooled container. All cores were acquired without
any drilling problems and 10 m of section was
obtained in each case, except that recovery of the
uppermost 2 m in core CDSB-1A was very poor.
A second core CDSB-1B, 2 m in length, was taken
within 2 m of the original locality to replace the lost
sections. Cores were described at the geotechnical
laboratory of Fugro in Atyrau. Photos of each core
section were taken before and after sampling and
lithological logs made showing grain size, organic
content, colour (using Munsell classification) and
sedimentary structures such as layering, lamination,
oxidation and occurrences of gypsum and root
structures (Verlinden, 2009).
Samples for radiocarbon dating,
micropalaeontology, palynology and grain size
analysis were taken with modified plastic syringes
to minimise contamination. Samples were taken
at intervals of approximately 30 cm, or near
sequence boundaries. Grain size samples were
analysed at the geotechnical laboratory of Delft
University of Technology. Thirty-eight samples
were analysed for microfossils, including ostracods,
molluscs and foraminifera. Each sample was
washed through a 125 µm sieve and the residue
dried at 100 ºC. The dried residues were then
examined semi-quantitatively for microfossils,
with estimates made of the relative abundance of
each species. Identifications and environmental
interpretations are based on numerous sources
including Agalarova et al. (1961), Athersuch et
al. (1989), Boomer et al. (2005), Mandelstam et
al. (1962) and Meisch (2000). Suitable specimens
were selected from 16 samples for radiocarbon
dating. In most cases bivalves were used as these
easily provided enough material for analysis. In a
few cases ostracods were used where they looked
fresher or where bivalves were absent, avoiding the
use of obviously reworked specimens. Radiocarbon
dating was carried out at Beta Analytic Inc., USA
incorporating a reservoir age of ΔR=290 +/- 30,
based on the inferred age of in situ Cerastoderma
glaucum in the north-western Caspian region
(Kroonenberg et al. 2007, 2008) from a setting very
similar to that of the current study. Age calibrations
were made using the INTCAL 2013 database
(Reimer et al. 2013).
Twenty-one samples from core CDSE were studied
for palynology and processed using cold HCl (20%)
and cold HF (40%) and without oxidation. Residues
were then sieved using 15 µm and 5 µm sieve cloth
to provide two size fractions. Counts were made of
all palynomorphs i.e. pollen grains, spores, algae,
non-pollen palynomorphs (NPP) and dinocysts. A
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minimum ‘pollen sum’ (PS) of 300 was obtained
in most cases, based on a count of pollen from
terrestrial vegetation only (i.e. excluding pollen from
aquatic plants, spores, undetermined and reworked
taxa). The arboreal pollen (AP) component includes
all pollen from trees and shrubs. Dinocysts and
NPP were counted in addition to the PS. No exotic
marker spike (i.e. Lycopodium) was added. Pollen
identifications were made primarily with reference
to north-west European pollen floras with additional
information gained from Russian (e.g. Bobrov et al.
1983; Kuprianova and Alyoshina, 1972, 1978) and
Asian sources (e.g. Wang et al. 1997; Academia
Sinica, 1982; Fujiki et al. 2005; Song et al. 1999).
Dinocysts and NPP were identified with reference to
Marret et al. (2004), Mudie et al. (2011, 2017), Wall
et al. (1973), Richards et al. (2014) and Bakrač et al.
(2012) among others.
UV photomicrography was carried out using a
Zeiss Axioplan 2 Imaging microscope with a 50X
EC Epiplan-Neofluoar oil immersion objective
equipped for fluorescence observation. This was
carried out using near UV blue light illumination
with the following filters: BP 340–380, DM 400, LP
425. The camera used was a Canon EOS 1000D
and images were captured digitally using EOS
utility software with ISO set at 200. For the SEM
preparations, approximately 0.5 ml of palynological
residue was mixed with distilled water in a plastic
Petri dish. Single dinocyst specimens were isolated
individually with a glass micropipette using an
inverted microscope (Nikon Eclipse TE2000-U)
and washed in distilled water. Clean specimens
were then mounted on a Cambridge aluminum
stub and sputter coated with gold/palladium. The
specimens were photographed using a JEOL 6460LV scanning electron microscope. The backdrop
of selected micrographs was removed using
Photoshop software.
Palynological and micropalaeontological data
are also available from a set of surface samples
collected from coastal and lagoonal localities in
the Mangystau Peninsula, Kazakhstan (Figure 3.6).
Samples SL-1 to SL-6 were collected along a 500
m transect of the Ashisor lagoon with additional
samples taken from a coastal lagoon (sample LA)
and two beach localities (samples EB and SB).

3.4

Results

3.4.1. Radiocarbon dating
Results of the radiocarbon dating are shown in
Table 3.1. Nine samples produced conventional

radiocarbon ages of >43,500 14C years which are
beyond the range of calibration. Eight samples,
however, are within a measurable range and these
yielded conventional 14C ages of between 42,370 ±
1230 yr at 8.75 m and 390 ± 40 yr close to surface.
The 2σ 95% probability range for the calibrated
ages is 47,820 cal. BP to post-1950.
3.4.2. Lithofacies
Four distinct lithological facies with good lateral
continuity were recognised (Table 3.2; Figure
3.7, 3.8). These are (from bottom to top): overconsolidated sands (Unit 4); laminated and layered
silty clays (Unit 3); poorly-sorted massive brown
sands (Unit 2); shell-rich grey sands (Unit 1). Unit 4
is present in cores CDSA, CDSB-1A and CDSE and
consists of layered medium- to fine-grained brown
over-consolidated sands with scattered shell beds.
Unit 3 is made up of olive brown to olive grey silty
clays of 3.5 m or more in thickness. Black organicrich bands and shell beds are common in some
intervals. Gypsum nodules and lenticular gypsum
crystals occur, as well as localised root traces. The
colour changes upwards from olive grey at the base
to olive brown. Layers with black shell fragments
occur above the contact with underlying Unit 4. The
brown sand facies, Unit 2, is between 3 and 4 m
thick and consists of fine to medium to fine, poorly
sorted layered sands with bands of small shell
fragments. Black organic-rich beds, macrofossil
remains and gypsum nodules were observed
locally. The contact between the brown sands and
the underlying silty clays is sharp and irregular with
shell lags between 1 and 10 cm thick found above
the boundary, and is probably a transgressive
surface. Intervals of grey clay were found in two
cores (CDSB-1A and CDSC) interbedded with thin
shell beds, gypsum and silt. The clay layers are
sometimes dark-coloured, indicating high organic
content, or laminated with mm-scale black bands.
Unit 1 consists of light grey medium to fine shelly
sands, interbedded with thick fragmented shell
layers (up to 30 cm thick), gypsum bands (with
individual crystals visible), and silt and clay layers.
Unit 1 is present in all the cores and has a thickness
ranging between 0.5 m and 1 m. The contact
between the grey sands and the underlying brown
sands is horizontal and sharp, observed in core
CDSB-1B and CDSE. Core logs, core photographs
and correlation of the lithological units are shown
in Figure 3.9.
3.4.3. Micropalaeontology
Micropalaeontology results from surface samples
collected in the coastal regions of the Mangystau
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(INTCAL13)

27,460
27,530
n/a
n/a
n/a
42,730
44,390
47,820
n/a
n/a
n/a
n/a
n/a
n/a

12,550
26,350

280

27,270
27,350
n/a
n/a
n/a
41,850
42,890
45,400
n/a
n/a
n/a
n/a
n/a
n/a

12,100 to 12,420
26,070

0 to 240

Cal BP

Intercept age

2
2
2
2
3
3
3
3
3
3
3
3
4
4

1
2

1

UNIT

silty clays

3

overconsolidated sands

>9 m

4-9 m

1-4 m

0-1 m

Approx. depth below seafloor

Table 3.2. Lithofacies descriptions and depositional environments.

4

brown sands

grey sands

1

2

Facies name

Unit

fine to medium sands with small shell fragments

aeolian/reworked

barrier (partial)
olive grey silty clay with organic beds and gypsum bands lagoonal/open water

fine to medium layered sands with small shell fragments

Depositional
environment
fine to coarse sands with shell debris and gypsum bands shoreface

Description

Table 3.1. Results of AMS (Accelerated Mass Spectrometry) radiocarbon dating of samples from the Emba Delta cores shown in conventional 14C years and
calibrated years BP (cal. BP) using the IntCal13 curve. Calibrated ages incorporate a reservoir effect of ΔR=290 +/- 30 years. The 95% probability 2σ ranges
are shown. The ‘intercept age’ is the best-fit intercept with the IntCal13 curve as calculated by Beta Analytical Inc. (rounded to the nearest 10 years). * = & shell
fragments; ** = & other bivalves; + = sample depth artificially low due to core displacement; R = age interpreted as reworked. Note: sample depths are not
necessarily in true stratigraphic order due to variations in thickness of the sedimentary units in the studied sections.

Core

Lab. No.
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A

B

C

D

CDSF

CDSB

CDSA

CDSE

Figure 3.7. (Left) Representative core photographs
of the four lithofacies. A: grey sands (Unit 1); B:
brown sands (Unit 2); C: silty clays (Unit 3); D:
overconsolidated sands (Unit 4). Unit 1 contains
layered sands with shell fragments, gypsum, silt
and clay bands. The brown sands in Unit 2 are very
uniform and contain scattered shell fragments.
The silty clays (Unit 3) consist of finely laminated
silts with black organic bands and show a colour
change up-section from grey to brown. The
overconsolidated sands (Unit 4) are laminated and
contain shell beds (the cores were broken during
extrusion from the core barrel).

B

C

Scale bar = 20 cm (all cores)

A

CDSE
CDSB

CDSD

CDSB

CDSA

CDSE

CDSB

Figure 3.8. A: The contact between the overconsolidated sands (Unit 4) and silty clays (Unit 3) (only found
intact in core CDSB-1A). The colour change is gradual but the change in grain size is more abrupt. B: The
contact between the silty clays (Unit 3) and the brown sands (Unit 2) in cores CDSD, CDSE, CDSB-1A and
CDSA. Shell beds occur on top of the erosional surfaces. A lag deposit 10 cm thick occurs in core CDSD. In
cores CDSB-1A and CDSA two erosional surfaces above each other can be seen. C: The contact between the
brown sands (Unit 2) and grey sands (Unit 1) in core CDSE and CDSB-1B showing sharp colour change. A
gypsum band occurs at the contact in core CDSE.

Figure 3.9. Core photographs, lithofacies and correlation of stratigraphic units in the studied cores. Vertical depth is shown in centimetres. Radiocarbon ages
(see Table 3.1) are the ‘intercept ages’ cal. BP. * = misplaced sample depth due to core overlap in CDSB-1A/1B; ( R ) = radiocarbon age influenced by reworking
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Figure 3.10. Results of palynological and
micropalaeontological analyses of surface samples
A: Arboreal pollen (AP) and Non-arboreal pollen
(NAP) as percentage of Pollen Sum (PS); B:
Miscellaneous palynomorphs including spores,
aquatic
pollen,
algae,
dinocysts,
and foraminiferal
Figure
10 Results
of palynological
and micropalaeontological
analyses as
of
surface
from
Mangshylak
Peninsula.
A:
Figure
10 samples
Results of
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percentage
of
total and
palynoflora;
Arboreal pollen
(AP)
and Non-arboreal
pollen
(NAP) as Peninsula. A:
analyses
of surface
samples from
Mangshylak
C: Ostracods,
and
otheras
percentageArboreal
offoraminifera,
Pollen
Sum (AP)
(PS);and
B: molluscs
Miscellaneous
palynomorphs
pollen
Non-arboreal pollen
(NAP)
including percentage
spores,
pollen,
algae,
dinocysts,
andscheme).
of Pollen
Sum
(PS);
B: Miscellaneous
palynomorphs
microfossils
(see aquatic
figure
for
abundance

20 % (of Pollen Sum)
20 % (of Pollen Sum)

Mainly steppe

Mainly steppe
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Late Pleistocene

Unit 2

Unit 3

Unit 4

Novocaspian

early Khvalynian

Atelian

0.05m CDSB-1B
0.30m CDSA
0.20m CDSE
0.30m CDSB-1B
0.55m CDSA
0.60m CDSE
0.75m CDSA
1.10m CDSB-1A
1.20m CDSA
0.75m CDSE
1.15m CDSE
1.25m CDSE
1.45m CDSB-1A
0.70m CDSB-1B
0.80m CDSB-1B
1.20m CDSB-1B
3.55m CDSE
3.65m CDSE
4.70m CDSE
4.85m CDSE
5.20m CDSE
6.20m CDSE
6.30m CDSD
6.75m CDSE
8.60m CDSD
7.10m CDSA
9.60m CDSF
8.75m CDSA
7.25m CDSE
7.35m CDSE
8.25m CDSC
8.90m CDSC
9.80m CDSD
8.85m CDSB-1A
8.00m CDSE
8.80m CDSE
8.90m CDSE
9.70m CDSE
9.80m CDSE

Br

Caspi-Brackish Ostracods

Forams C Mo
Present (1)
Rare (2-4)
Common (5-14)
Abundant (15-49)
Superabundant (50+)

Barren

Samples (m)

Regional Stage

Stratigraphic Unit
Unit 1

Atelian - early Khvalynian

Holocene

Subseries

F

?

?
?

?

Figure 3.11. Results of micropalaeontological analysis of core samples (see figure for abundance scheme).
F = Freshwater (predominantly), Br = Brackish, C = Charophytes, Mo = Molluscs. Samples are arranged in
approximate stratigraphic order according to radiocarbon ages and inferred correlations. Note: several
samples in Units 1 and 2 in CDSB appear misplaced due to overlap in CDSB-1A/1B cores.

20 % (of Pollen Sum)

Trees & shrubs (mainly warm temperate)

Percentage data not shown due to low recovery

Trees &
shrubs
(mainly cool
temperate)

12 A: Arboreal pollen as percentage of Pollen Sum (PS); 12 B: Non-arboreal pollen as percentage of PS; 12 C:
Aquatic pollen, dinocysts, algae and foraminiferal test linings; 12 D: Miscellaneous and reworked
palynomorphs. PS is the sum of land pollen (i.e. AP + NAP) excluding aquatics and undetermined. On Figure
12 C aquatics are shown as percentage of PS + aquatic pollen; algae as percentage of PS + algae; foraminiferal
test linings (FTL) and dinocysts shown as percentage of FTL + dinocysts. On Figure 12 D all taxa are shown as
numbers of specimens recorded (i.e. original counts).

Figure 3.12. Results of palynological analysis of core CDSE.
12 A: Arboreal pollen as percentage of Pollen Sum (PS).
Figure 12 Results of palynological analysis of core CDSE.

A

Conifers
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Pollen Sum
(AP+ dryland NAP)

20 % (of Pollen Sum)

Mainly salt‐marsh
& semi‐desert
Other herbaceous taxa

Percentage data not shown due to low recovery

Mainly steppe

12 A: Arboreal pollen as percentage of Pollen Sum (PS); 12 B: Non-arboreal pollen as percentage of PS; 12 C:
Aquatic pollen, dinocysts, algae and foraminiferal test linings; 12 D: Miscellaneous and reworked
palynomorphs. PS is the sum of land pollen (i.e. AP + NAP) excluding aquatics and undetermined. On Figure
12 C aquatics are shown as percentage of PS + aquatic pollen; algae as percentage of PS + algae; foraminiferal
test linings (FTL) and dinocysts shown as percentage of FTL + dinocysts. On Figure 12 D all taxa are shown as
numbers of specimens recorded (i.e. original counts).

Figure 3.12. Results of palynological analysis of core CDSE.
12 B: Non-arboreal pollen as percentage of PS.
Figure 12 Results of palynological analysis of core CDSE.

B
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Pollen Sum
(AP+ dryland NAP)

5 % (PS + Aq)

Aquatic
pollen

5 % (PS + Algae)

Algae

Percentage data not shown due to low recovery

20 % (of sum Dinocysts + Foram test linings)

'Marine'
dinocysts

Aquatic pollen, dinocysts, algae and foraminiferal test linings; 12 D: Miscellaneous and reworked
palynomorphs. PS is the sum of land pollen (i.e. AP + NAP) excluding aquatics and undetermined. On Figure
12 C aquatics are shown as percentage of PS + aquatic pollen; algae as percentage of PS + algae; foraminiferal
test linings (FTL) and dinocysts shown as percentage of FTL + dinocysts. On Figure 12 D all taxa are shown as
numbers of specimens recorded (i.e. original counts).

Figure 3.12. Results of palynological analysis of core CDSE.
Figure 12 Results
of palynological
analysis oftest
core CDSE.
12 C: Aquatic pollen, dinocysts,
algae
and foraminiferal
linings as percentage of PS +
respective groups.
12 A: Arboreal pollen as percentage of Pollen Sum (PS); 12 B: Non-arboreal pollen as percentage of PS; 12 C:

C
'Caspi‐brackish' dinocysts
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20 specimens

Acritarchs

Neogene / Paleogene
dinocysts (reworked)

Paleogene dinocysts
(reworked)

Aquatic pollen, dinocysts, algae and foraminiferal test linings; 12 D: Miscellaneous and reworked
palynomorphs. PS is the sum of land pollen (i.e. AP + NAP) excluding aquatics and undetermined. On Figure
12 C aquatics are shown as percentage of PS + aquatic pollen; algae as percentage of PS + algae; foraminiferal
test linings (FTL) and dinocysts shown as percentage of FTL + dinocysts. On Figure 12 D all taxa are shown as
numbers of specimens recorded (i.e. original counts).

Figure 3.12. Results of palynological analysis of core CDSE.
Figure 12 Results of palynological analysis of core CDSE.
12 D: Miscellaneous and reworked palynomorphs. PS is the sum of land pollen (i.e. AP +
A: undetermined.
Arboreal pollen as percentage of Pollen Sum (PS); 12 B: Non-arboreal pollen as percentage of PS; 12 C:
NAP) excluding aquatics 12
and

D
Mesozoic dinocysts (reworked)
Mesozoic /
Paleozoic pollen
& spores
(reworked)
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Peninsula are shown in Figure 3.10. Samples from
the Ashisor lagoon contain very poor ostracod
assemblages, or are barren, in the localities closest
to highly saline water (samples SL-1, SL-2 and SL3). Ostracod recovery is significantly increased
towards the margins of the lagoon (samples SL4, SL-5 and SL-6) where species of Loxoconcha,
Cyprideis and Tyrrhenocythere are common or
abundant. Foraminifera (Elphidium and Ammonia)
also occur rarely. Gastropods and bivalves occur
most frequently in the most landward sample, SL6, about 500 m from the open water. The coastal
lagoon locality (sample LA) is dominated by
Cyprideis, whereas two Caspian beach localities
(samples EB and SB) contained only bivalves.
A summary of the micropalaeontology results
from the core samples is given in Figure 3.11.
The most frequent forms are ostracods, with
bivalves, gastropods and foraminifera also present.
Ostracods in Unit 4 include locally common
to superabundant Cyprideis spp. and lower
numbers of Eucythere naphtatscholana, Bacunella
dorsoarcuata, Amnicythere cf. olivina and species
of Caspiolla, Euxinocythere, Tyrrhenocythere and
Loxoconcha. Foraminifera (Ammonia) are present
and molluscs (including bivalves such as Dreissena)
are also common to superabundant. Reworked
foraminifera also occur.
Samples from the lower part of Unit 3 are distinct in
that they contain associations of rare to abundant
Eucythere naphtatscholana with generally less
common occurrences of Bacunella dorsoarcuata,
and species of Caspiolla, Loxoconcha, Leptocythere
and Amnicythere among others. Bivalves and
gastropods are frequent with foraminifera present
rarely (in situ Ammonia and Elphidium and isolated
reworked foraminifera were recorded). The upper
part of Unit 3 has increased numbers of Bacunella
dorsoarcuata and Caspiolla, including both adult
and juvenile forms, but with very few other taxa
recorded. In general, preservation of ostracods in
Unit 3 is very good.
Assemblages obtained from Unit 2 contain
frequent brackish ostracods such as Cyprideis
(common to abundant) and Cytherissa bogatschovi
(rare to common). Other species include Eucythere
naphtatscholana, Amnicythere cf. olivina, A.
quinquetuberculata and species of Loxoconcha,
Leptocythere and Euxinocythere. More distal types,
Bacunella dorsoarcuata and Caspiolla, occur most
frequently in the lower part of Unit 2, together with
common bivalves.

The lower part of Unit 1 yielded moderately
diverse ostracod faunas often dominated by
Cyprideis and with rare to abundant Eucythere
naphtatscholana. Microfossil recovery is poor in
the middle part of Unit 1 with occasional reworked
foraminifera and rare ostracods. The upper
part of Unit 1 contains a diverse and abundant
ostracod fauna dominated by Cyprideis, together
with Limnocythere inopinata (freshwater to
very low salinity) and species of Callistocythere,
Leptocythere, Loxoconcha, Tyrrhenocythere (all
common) and ‘Trachyleberis’ azerbaijanica (rare).
Typical open water, Caspian taxa such as Bacunella
dorsoarcuata, Eucythere naphtatscholana and
Caspiolla were not recorded. The foraminifer
Ammonia is superabundant close to surface
occurring with bivalves and gastropods. These
assemblages from Unit 1 closely match the
microfaunal records from the surface samples
obtained from various lagoonal areas in the eastern
coastal region.
3.4.4. Palynology
Palynological assemblages from the Mangystau
surface samples (Figure 3.10) are dominated by
NAP with Artemisia by far the most frequent single
pollen type present. Cheno-Amaranthaceae pollen
is also common in most samples and abundant
in sample LA. Poaceae and Asteraceae pollen are
present consistently at around 10% or less of the
PS. Pinus is the most common AP type present
reaching around 14% of the PS at most. Other
AP taxa include Alnus, Betula, Carpinus, Salix
and Ulmus but these taxa seldom exceed 2% of
the PS. A peak of Ephedra distachya pollen (ca.
25% of the PS) occurs in sample SL-6, the most
landward of the Ashisor lagoon samples. Fungal
bodies are frequent in the same sample. A feature
of samples SL-1 to SL-5 is the common presence
of Botryococcus algal coenobia and consistent
presence of Sparganium pollen. Dinocysts in the
Ashisor lagoon samples are limited to very rare
occurrences of Lingulodinium machaerophorum
(with process length ≤ 10 μm). Sample LA, however,
contains common foraminiferal test linings (ca.
6% of the total palynoflora) and low numbers of L.
machaerophorum, Impagidinium caspienense and
Brigantedinium type cysts. Botryococcus algae also
occur in moderate numbers in sample LA whereas
no pollen from freshwater aquatics was observed.
Palynological data from the cores are from CDSE
(Figure 3.12) with spot samples from several other
sections (data not shown). AP is shown in Figure
3.12A and non-arboreal pollen (NAP) in Figure
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3.12B, both as percentages of the PS. Dinocysts,
algae, foram test linings and aquatic pollen are
shown in Figure 3.12C, as percentages of the
PS + their respective groups. Miscellaneous
palynomorphs and reworked pre-Quaternary taxa
are shown in Figure 3.12D.
Large variations in the proportions of AP and NAP
are evident in Figures 3.12A and 3.12B, with AP
being dominated by Pinus and pollen from mixed
broad-leaved and small-leaved trees or shrubs
such as Alnus, Betula and Carpinus among others.
A major peak in Taxodiaceae pollen occurs in the
lower part of the core, disappearing entirely from
the record in the upper section.
The pollen record from Unit 4 shows high numbers
of Pinus and only sparse records of other tree
types. Poaceae pollen is well represented with
increased numbers of Artemisia and ChenoAmaranthaceae pollen also observed. Low salinity
endemic Ponto-Caspian dinocysts are present with
Pterocysta cruciformis, Impagidinium inaequalis
and Spiniferites cruciformis common in all samples
and low numbers of Caspidinium rugosum and
Lingulodinium machaerophorum also present.
Samples from Unit 3 contain abundant
palynomorphs and diverse palynofloras due to
the fine-grained nature of the sediments. The
base of the section contains frequent NAP, mostly
made up of Artemisia and Cheno-Amaranthaceae,
and pollen of Ephedra distachya type occurs
consistently. The mid-part of Unit 3 has significantly
increased diversity and amounts of AP, including
common Pinus and numerous deciduous broadleaved and small-leaved taxa. The latter include
pollen from Betula, Alnus, Quercus and Fraxinus
and also several warm temperate forest pollen
types such as Pterocarya, Carpinus, Juglans,
Ulmus and Zelkova. Of particular interest is the
presence of several pollen types of plants living
today in Asia, including Carya, Juglandaceae
(e.g. Engelhardia) and gymnosperm pollen from
Taxodiaceae (cf. Cryptomeria and Glyptostrobustype), Tsuga and Cathaya. The upper part of Unit
3 shows a gradual decrease in the proportion of
AP and significantly increased NAP, most notably
Cheno-Amaranthaceae. The latter occur in a wide
range of habitats including coastal salt-marsh
(e.g. Sarcocomia, Suaeda), desert and dry alkali
‘solonchak’. Predominantly brackish to freshwater
Ponto-Caspian dinocysts occur frequently with
Spiniferites cruciformis, Pterocysta cruciformis,
Caspidinium rugosum and Pyxidinopsis psilata
present in significant numbers in the lower part of

the interval, being replaced by high numbers of
Impagidinium inaequalis up-section. Lingulodinium
machaerophorum occurs only rarely: this species
has a minimum salinity requirement of 8‰ and
isolated specimens may be reworked.
The AP component in Unit 2 includes frequent
Pinus with single grains of Picea and Abies
also noted. Pollen from warm temperate trees
e.g. Moraceae (possibly mulberry) is also fairly
common. Tsuga pollen is present rarely and
Taxodiaceae pollen is relatively common in the
lower part of the interval but diminishes up-section
where NAP (e.g. Poaceae and Artemisia) become
more frequent. Fungal spores occur in the upper
part of Unit 2 where palynomorph recovery is
otherwise low. Dinocyst assemblages include
abundant Impagidinium inaequalis, locally frequent
Spiniferites cruciformis and consistent Caspidinium
rugosum but these are present only in low
numbers, or are absent, towards the top of Unit 2.
The pollen flora in a sample from Unit 1, more
or less at surface, is dominated by NAP with
Artemisia, Cheno-Amaranthaceae, Poaceae and
Asteraceae abundant or common. AP is limited
to low number of Pinus and pollen from a few
deciduous broad-leaved trees/shrubs including
Alnus, Betula and Carpinus. The same sample
also contains frequent foraminiferal test linings,
Lingulodinium machaerophorum (with processes ≤
10 μm, including several clavate-spined forms) and
Brigantedinium type brown cysts of a heterotrophic
dinoflagellate. An almost identical assemblage
occurs in surface sample LA, taken from an open
water lagoonal setting.

3.5

Interpretation

Cross-sections of interpreted sedimentary facies,
based on seismic profiles and lithofacies identified
in cores, are shown in Figure 3.13 and a summary of
biostratigraphic data and interpreted stratigraphy
in Figure 3.14.

3.5.1. Unit 4
Seismic character shows that Unit 4 is composed
of east-west orientated features, identical to the
aeolian ‘Baer knolls’ (Figure 3.15) which occur
throughout the north Caspian region. Unit 4 is
believed to be primarily of aeolian origin, formed
under full desert conditions. Palynological studies
of the ‘Baer knolls’ in the lower Volga Delta region
(Richards et al. 2014) show frequent reworked
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Figure 3.13. Cross-sections of the modelled facies. A: east to west section perpendicular to the shore; B:
south-west to north-east section parallel to the shore. These cross-sections visualise the modelled spatial
distribution of sediments. Depth exaggeration is x1000. The vertical black lines show the borehole locations.
The horizontal black lines indicate the lithofacies boundaries (Units 1-4) interpreted from geotechnical
boreholes and cone penetration tests in the area. Sediment distribution within each lithofacies unit honours the
expected distribution for the interpreted depositional environments. Unit 4 (aeolian dunes) was modelled using
object-based methods and Units 3-1 using truncated Gaussian simulation based on lithological thickness maps,
vertical lithological trends and data driven variograms.
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8.90m CDSE
9.70m CDSE

8.00m CDSE
8.60m CDSE
8.85m CDSE

Unit 4 (>9m): Over-consolidated
aeolian desert sands. Microfossil
content mostly re-deposited. Cold, dry
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Figure 3.14. Biostratigraphic and lithostratigraphic summary. The main groups of microfossils and
palynomorphs are shown as percentages of the total assemblages, excluding reworked and undetermined
taxa, fern spores, fungi and pollen from aquatic plants.

Mesozoic microfossils present in fluvial strata and
wind-blown fungal spores common in overlying
aeolian beds, indicating continental deposition.
Radiocarbon results show that Unit 4 is older
than 43,500 BP, and therefore pre-dates the early
Holocene ‘Baer knolls’. The Unit 4 dunes most
probably formed during the Atelian regression
when Caspian Sea levels dropped by more than
100 m to ca. -140 m bgsl during the MIS 4 cold
stage (Yanina, 2014). Evidence to support this major
Atelian lowstand is provided by plant remains
in core from the offshore Volga palaeovalley
(Bezrodnykh and Sorokin, 2016; Bezrodnykh et al.
2015).
Bedding patterns in some of the Unit 4 sands
suggest subsequent modification in shallow water,
as was also demonstrated by the presence of large-

scale foreset beds in the early Holocene ‘Baer
knolls’ in the Volga Delta region (Kroonenberg
et al. 2005). This is explained by a rise in Caspian
Sea levels during the latter part of the Atelian,
permitting reworking of the aeolian sediments.
A similar situation was envisaged by Cheih et al.
(2000) to explain the presence of aeolian dunes
buried beneath sub-aqueous sediments in Jurassic
formations from New Mexico.
The microfaunal assemblage in Unit 4 with
Ammonia, Bacunella dorsoarcuata and Cyprideis
indicates brackish conditions with deeper water
Caspian Sea influences. These microfossils are,
however, very poorly preserved suggesting
they were deposited over the pre-existing dune
topography and subsequently reworked and
redeposited by coastal processes and sub-aerial
wind erosion of exposed marine deposits. Sub-
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Figure 3.15. Satellite image of coastal dunes south-east of Atyrau, locally known as ‘Baer knolls’ and depth
map of the seismic reflections from the over-consolidated sands (Unit 4). The size, shape and orientation show
remarkable similarities.

dissolved organic material reacts with carbonate,
indicates high organic content (Cody, 1979). Root
traces and black organic bands indicate that plants
grew in the area at the time of deposition. Olive
grey silts in the lower part of the unit suggest
deeper, more open water, deposition whereas
the olive brown silts in the upper part suggest
shallower water, with rooted vegetation locally
present. The silts are >4 m thick. The top of Unit 3
F
Figure(at
15ca. 4.80 m) in CDSE is rooted and appears to be
an eroded contact.

aqueous conditions following dune deposition
are also confirmed by the common presence
of dinocysts including Spiniferites cruciformis,
Pterocysta cruciformis and Impagidinium
inaequalis. The assemblage in Unit 4 is similar to
that of a late Pleistocene interval (with shell ages
of ca. 43-33,000 14C years BP) in the south-western
Black Sea shelf where the same species co-occur
(Rochon et al. 2002).

The pollen assemblage with high number of
Pinus and frequent NAP (especially Artemisia,
Poaceae, Cheno-Amaranthaceae and Asteraceae) is
comparable to modern pollen data from the coastal
region (Figure 3.10) and suggests that coniferous
forest, with a minor broad-leaved component, and
steppe or semi-desert vegetation were present. The
conifers and broad-leaved trees/shrubs were most
probably growing in the southern Ural Mountains
and the Mugodzar foothills to the south, and
herbaceous vegetation present in the lowlands.
In all likelihood, the sand components of the
desertic dunes are barren of pollen and the pollen
recorded is contained within the muds deposited
during rising Caspian Sea levels. There is no clear
evidence for long-distance pollen transport and
the pollen flora points to a cool and relatively dry
climate on land.
3.5.2. Unit 3
The silty clays of Unit 3 were deposited in a lowenergy lagoonal or shallow open water setting.
Lenticular gypsum, formed when sulphate in

Ostracods including Caspiolla, Bacunella
dorsoarcuata, Eucythere naphtatscholana,
Amnicythere quinquetuberculata and others, in
association with bivalves and rare foraminifera,
indicate distal Caspian influences, and therefore
that Unit 3 was not an entirely isolated lagoonal
system.
Pollen assemblages, with mixed proportions of
AP and NAP, show that the vegetation included
both forest and non-forest elements. Associated
occurrences of pollen from broad-leaved trees
suggest that mixed forest or woodland was
also present. The locally high amounts of NAP,
principally Artemisia and Cheno-Amaranthaceae,
indicate proximity to steppe, semi-desert or
salt-marsh vegetation. The abundance peaks of
Taxodiaceae pollen are interpreted as in situ, and
suggest that warm temperate swamp vegetation
was present at in the Emba and/or Ural Delta
regions at this time. This pollen assemblage would
indicate seasonal deltaic deposition, with swamp
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and mixed forest present during the warm and
humid periods, and with predominantly non-forest
vegetation (indicated by frequent NAP) in the
surrounding region inland from the seasonallyflooded area. Herbaceous vegetation, principally
steppe, semi-desert and salt-marsh, would have
expanded into the coastal and delta regions during
drier and/or cooler periods. Similar seasonallycontrolled deltaic vegetation patterns are evident
from pollen records in the Holocene Volga Delta
(Salix and NAP) and in the Pliocene palaeo-Volga
Delta (Taxodiaceae and NAP) (Richards et al. 2014).
Dinocysts within Unit 3, including Spiniferites
cruciformis and frequent Impagidinium inaequalis,
confirm a low-salinity setting with at least periodic
connection to the Caspian Sea. Numbers of
Pterocysta cruciformis are reduced relative to Unit
4 below, and may indicate relatively warm waters
at this time, as this taxon in the Caspian Sea is
currently found only in surface sediments of the
northerly region (Mudie et al. 2017).
The inferred age range for the Unit 3 silty clays in
the present study is 45,400 to 40,560 cal. BP. These
radiocarbon ages are based on well-preserved
ostracod and Dreissena shells and are therefore
considered to be reliable. It is suggested that
deposition of this interval commenced towards the
end of the Atelian stage in the early part of MIS 3
when the climate became warmer (Yanina, 2014)
and continued during the early part of the early
Khvalynian. Caspian Sea levels were probably fairly
stable, suggested by the aggradational character
of the sediments. The increased presence of root
traces and oxidation of sediment evident towards
the top of Unit 3 indicates a shallowing succession,
which is also suggested by the ostracod faunas.
Two dated samples in the silty clay facies in core
CDSA were taken 1.65 m apart and represent a time
interval of approximately 2510 years equivalent to a
depositional rate of 0.657 mm per year.
3.5.3. Unit 2
Medium to fine-grained brown sands of Unit 2 are
found in all except one of the studied cores (CDSC
has a more landward position and sediments
instead consist of silty clays with gypsum and shell
beds). The most likely sediment sources for the
Unit 2 sands are fluvial deposits and delta lobes
of the Ural River. These sands are very continuous,
both vertically and horizontally, suggesting that they
may represent large or multiple stacked barriers.
Layers with shell fragments and poor sorting
suggest open water deposition with lag deposits

of shell debris at the base of the unit suggesting
landward movement of an offshore barrier during a
transgression.
The persistent and locally common occurrence of
Cyprideis suggests supratidal, brackish influences
but its co-occurrence with Bacunella dorsoarcuata,
Eucythere naphtatscholana and Caspiolla points
to a more distal Caspian depositional setting. Poor
preservation of some ostracod specimens suggests
some localised reworking. Dinocyst assemblages,
with an absence or near absence of Lingulodinium
machaerophorum and common freshwater algae,
show that very low salinity conditions persisted
during deposition of the lower part of Unit 2
but this signal is gradually obscured because of
reduced palynomorph recovery. The pollen floras,
with increasing proportions of NAP up-section,
suggest that forest or woodland was gradually
replaced by steppe and semi-desert or desert. This
implies that the climate was becoming drier, and
probably also colder
Large barrier-lagoon complexes are formed during
transgressions and model studies (e.g. Storms et
al. 2002) show that backstepping is required in
order to preserve significant amounts of sediment
(Figure 3.16). In the case of Unit 3, protection
from waves by barrier islands would have allowed
deposition and preservation of fine sediments,
with coarser silts and shell layers representing
back-barrier storm deposits. Ostracods, however,
include some typically distal species (e.g. Eucythere
naphtatscholana) and dinocysts (e.g. Spiniferites
cruciformis and Caspidinium rugosum) also indicate
typical Caspian open water environments. It is
likely, therefore, that the barrier bars only partially
restricted the waters in the nearshore area, most
probably because the offshore slope (average
0.007° at present) was insufficient for the formation
of permanent barriers and completely isolated
lagoons. Coastal regions with a slope of less than
0.03° will show passive drowning during sea level
rise, whereas a slope of between 0.03° and 0.3° will
permit full barrier formation (Kaplin and Selivanov,
1994; Kroonenberg et al. 2000).
Radiocarbon ages for the upper part of Unit 2
range within 27,350 to 25,900 cal. BP indicating
that the interval was deposited during MIS 2 prior
to the LGM. The sharp contact between Unit 3 and
Unit 2 is interpreted as a transgressive surface,
probably relating to part of the early Khvalynian
transgression. Two radiocarbon ages of >45,300
14
C yr BP at the base of Unit 2 are interpreted as
reworked. Two samples from CDSB-1B 40 cm
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Figure 3.16. Illustration of a wave-dominated, sediment poor barrier/lagoon system. The majority of changes
occur during storms. Erosion takes place near the storm wavebase and mobilises sediment. The resulting
unconformity (ravinement surface) is indicated in red. Depending on grain size, sediments are transported
by wave-generated bottom currents, distributed along the coast and deposited at the barrier front or
shallow marine area. Sediments may be transported by washover to the backbarrier. During transgression,
retrogradation of the coastline takes place and the barriers move landward (after Storms et al. 2002).

lagoonal areas of the Mangystau Peninsula (Figure
apart gave an age span of approximately 80 years,
3.10). Frequent Cyprideis and associated ostracods
equivalent to a depositional rate of 5 mm per year.
Figure 16at the base of Unit 1 suggest a brackish setting
F
This is considerably higher than in the underlying
unit and is a reflection of higher energy, sand-prone whereas poor recovery in the mid-part precludes
a reliable interpretation. Abundant Ammonia
deposition in Unit 2. It is tentatively suggested
in the upper section is indicative of marginal
that the Unit 3/ Unit 2 contact could be related to
the intra-early Khvalynian Elton? unconformity as
marine marsh, mudflat or lagoonal conditions
described by Yanina (2014).
with supratidal influences indicated by locally
common Cyprideis. A freshwater to very low
3.5.4. Unit 1
salinity (>7‰) component at the very top of this
unit is represented by Limnocythere inopinata. The
Unit 1 is broadly interpreted as ‘shoreface’ due
palynological assemblage in the surface sample is
to the presence of shell beds with evidence of
consistent with the steppe, semi-desert and desert
reworking by wave action and possibly storm
vegetation occurring in the near-coastal region at
surges. The term ‘shoreface’ is herein extended
the present time. A restricted, possibly nutrientbeyond its typical use but it is appropriate because
rich, saline lagoon is indicated by the low diversity
wave action controls erosion and deposition of the
dinocyst and related palynoflora that is dominated
recent grey shelly sands in Unit 1. Most of the shells by Brigantedinium type cysts, Impagidinium
are fragmented due to reworking by storm surges.
caspienense and Lingulodinium machaerophorum.
The alga Botryococcus occurs frequently in
The limited amounts of sand and silt found in these
association with the saline indicators in both Unit
deposits are probably provided by longshore
1 and the surface samples, whereas Pediastrum
currents and reworked from lower shoreface
is rare or absent. It is known that Botryococcus
sediments.
can tolerate moderate salinities in desert regions
although it blooms only when salinity is lowered by
The ostracod and palynological assemblages at
rainfall (Mudie et al. 2010).
the top of Unit 1 closely match those obtained
from the surface samples collected in near-coastal
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Laminated gypsum layers are interpreted as
secondary depositional features as the water
depth at present (2 m to 4 m) is too deep for
gypsum formation. It probably formed during
a period or periods of lower sea level, possibly
prior to and during the 1975 lowstand. Satellite
images acquired during this lowstand (Figure 3.17)
show extensive white surfaces, probably exposed
gypsum deposits that are now submerged.
The images also show remnants of the barrier
islands that drowned passively during previous
transgressions; these remain as ‘reed islands’, relict
features from periods of higher sediment flux.
All these data indicate that the deposition in this
region has been sediment starved throughout the
Holocene with a sedimentation rate of around 0.1
mm per year. The lack of significant sediment flux,
with no significant contribution from the Emba River
in recent times, would explain why there is no active
barrier lagoon complex in the region at present.
The contact between the brown barrier sands (Unit
2) and overlying grey sands (Unit 1) is erosional and
this probably marks an unconformity associated
with the Mangyshlak regression, which occurred
between 12,500 and 9500 cal. BP (Bezrodnykh
and Sorokin, 2016) and has removed all of the
late Khvalynian and LGM sedimentary record. This
corresponds well with the radiocarbon date within
the range of 12,550 to 12,020 cal. BP in the lower
part of Unit 1 in the CDSE core.

3.6

Discussion

3.6.1 Dinocyst associations
The dinocyst records from this study provide new
information on the distribution and environmental
tolerances of several Ponto-Caspian ‘endemic’
forms, notably Spiniferites cruciformis, Pterocysta
cruciformis and Caspidinium rugosum (Plate
3.1). P. cruciformis occurs frequently, mainly with
S. cruciformis and Impagidinium inaequalis,
in Unit 4 and in the very base of Unit 3 which
most probably equate to MIS 4. This distribution
concurs with observations from the Black Sea and
Marmara Sea where P. cruciformis is associated
with the late Pleistocene cold glacial stages and
interstadials (Rochon et al. 2002; Ferguson, 2012;
Ferguson et al. 2016) and in the Caspian Sea
where it is most frequent in the northern region
of seasonal ice formation. The oldest records
of P. cruciformis have yet to be confirmed but
these are likely to extend at least into MIS 5 and
possibly older (Mudie et al. 2017) and it is presently
unclear whether P. cruciformis first evolved in the

Figure 3.17. Four satellite images (A, B, C and D)
Figure
17 of the same area
from 1975, 1987, 2000
and 2007
of the eastern part of the North Caspian Basin
showing how the coastline has changed during this
period. The lower two figures (E and F) show the
coastline shift from 1930 until 2007. Between 1930
and 1977, Caspian Sea level dropped by ca. 3 m:
Figure E shows how the coastline h a s shifted over
40 km basinward during this period. Between 1977
and 2000 the sea level rose again by ca. 3 m: Figure
F shows the landward movement of the coast during
this period.
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Black Sea or the Caspian Sea (no records of its
occurrence elsewhere have yet been confirmed).
One possibility is that P. cruciformis extended its
range within the Ponto-Caspian during MIS 5 when
water from the Black Sea entered the Caspian Sea
(Yanina, 2014) during the Karangatian (Black Sea)
and late Khazarian (Caspian Sea) transgressions. In
the CDSE core P. cruciformis is present but in lower
numbers during MIS 3 and occurs only rarely in MIS
2 and MIS 1. Two specimens of P. cruciformis were
recorded in the uppermost core sample of CDSE
(0.00 m); the taxon also occurs in low numbers
in surface sediments in the Volga Delta region
(Richards et al. 2014).
Unit 3 and the lower part of Unit 2 contain the
highest numbers of Impagidinium inaequalis, a
taxon found in the late Pleistocene of the Black Sea
and Marmara Sea (Wall et al. 1973; Mudie et al.
2004) but is only rarely previously reported for the
Caspian Sea. The distribution curve for I. inaequalis
in CDSE closely mirrors the pollen curve of ChenoAmaranthaceae suggesting that I. inaequalis may
be increasing in numbers at times of the highest
aridity and salinity. If that is correct, the ostracod
faunas indicate that salinity was still within the
brackish range and not hypersaline. The Unit 1
Holocene dinocyst assemblage, with various forms
of Lingulodinium machaerophorum, Impagidinium
caspienense and frequent Brigantedinium type
cysts suggests relatively high nutrient levels and
salinity.
3.6.2. Thermophilous-hygrophilous relicts in
Caspian palynofloras
The shallow water deposits associated with Unit 3
contain a very distinct pollen flora which includes
Taxodiaceae and genera that typically have a warm
temperate (mesophilic) affinity including Carya,
Engelhardia, Pterocarya, Zelkova, Liquidambar,
Nyssa, Castanea, Carpinus and Fagus (Plate 3.2).
This association includes pollen of several taxa
that are living today in East Asia and which do not
occur in present day vegetation in the Caspian
Sea region. These pollen taxa were not found in
Holocene pollen records (e.g. Bolikhovskaya and
Kasimov, 2010, Richards et al. 2014) from the lower
Volga region. They are thermophilous-hygrophilous
relicts, as described by Biltekin et al. (2015) that
became extinct at varying times around the
Caspian region during the Quaternary but appear
to have survived until the late Pleistocene in the
Emba/Ural region according to new data from the
current study.

Studies of Pleistocene floras in palynological
records from the western and northern Caspian
Sea region give an idea of regional variations in the
stratigraphic ranges of these thermophilous relicts.
Two principal stages have been identified in the
floral evolution of eastern Transcaucasia (around
present day Azerbaijan); the first corresponds
to the Akchagylian and Apsheronian (early
Pleistocene) and the second to the Bakunian to
early Khazarian (mid-Pleistocene) regional stages
(Filippova, 1997; Bolikhovskaya, 2011) (Figure
3.3). A number of taxa known from pollen records
in Apsheronian layers, including Glyptostrobus,
Taxodium, Sequoia, Engelhardia, Platycarya
and Liquidambar, are missing from Bakunian
assemblages. These became locally extinct during
the Apsheronian in present day Azerbaijan at
around 1.35 Ma according to Filippova (1997) and
Tagieva et al. (2013) whereas Tsuga and Carya
are not known to occur in floras younger than
Bakunian. Macrofossil remains including Pterocarya
pterocarpa, Parrotia persica, Quercus castaneifolia,
Q. longifolia and Fagus orientalis have been
identified in early Khazarian layers in Azerbaijan
(Abramova, 1974).
In the northern Caucasus and in areas beyond
the influence of the Colchis (eastern Black Sea)
and Talysh-Lenkoran (present day southern
Azerbaijan and north-western Iran) refugia, a
similar dramatic change in the Pleistocene flora
occurred within the mid-Pleistocene (at the end
of the early Neopleistocene to beginning of the
middle Neopleistocene according to the Russian
schemes; Figure 3.3). It was then that species of the
Taxodiaceae family, Nyssa, Carya and several others
disappeared from forest vegetation. In the northern
and western Caspian Sea regions, other genera
including Tsuga, Cupressus, Carya, Rhus and
Castanea also disappeared from the pollen floras at
around the same time according to most published
records (e.g. Abramova, 1971, 1972, 1974; Alizade
et al. 1966; Berezovchuk, 1988; Maslova, 1960;
Vronsky, 1966, 1970; Grichuk, 1954; Naidina, 1990;
Naidina and Richards, 2016; Tumadzhanov, 1973;
Zhidovinov et al. 1987).
Extended ranges for several of these
thermophilous relicts are, however, evident in the
Otkaznoye sequence in the Terek-Kuma lowland in
the north-western Caspian region (Bolikhovskaya,
2011, Bolikhovskaya et al. 2016), where the midPleistocene Muchkap Interglacial horizon (MIS 15)
yielded a pollen flora including Tsuga canadensis,
Pinus sect. Cembrae and species of Carya,
Pterocarya, Juglans, Liquidambar, Castanea,
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Plate 3.1. Scanning electron photomicrographs of dinocysts from core CDSE. Scale bar = 20 μm (all photos)1-3:
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ectophragm attached in the polar and equatorial regions. 10-12: Spiniferites cruciformis:
10 dorsal surface of form with strongly reduced processes and parasutural septa; 11 dorsal
view; 12 ventral view of form with reduced processes and sparsely verrucate endocyst
surface. Photographs by A. Rochon.
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Plate 3.2. Light micrographs of pollen grains from core CDSE. 1 Pinus diploxylon type; 2 Cathaya; 3 Tsuga; 4
Pterocarya;
5 Tilia; 6 Taxodiaceae (Glyptostrobus) and Artemisia; 7 & 8 Taxodiaceae (Glyptostrobus); 9 Nyssa;
Plate 2 Light Micrographs of pollen grains from CDSE-12 core. 1 Pinus diploxylon type; 2 Cathaya; 3 Tsuga; 4 Pterocarya; 5 Tilia; 6
10 Ilex;
11
Fagus;
12 Alnus;and
13Artemisia;
Carpinus;
& 15 cf. (Glyptostrobus);
Cryptomeria;9 Nyssa;
16 Juglans;
17
Liquidambar;
18 Carya;
Taxodiaceae (Glyptostrobus)
7 & 14
8 Taxodiaceae
10 Ilex; 11
Fagus;
12 Alnus; 13 Carpinus;
14 19
& 15 Cryptomeria;
Juglans;
17 Liquidambar;
18 Carya; 19 Ericaceae;
20 Betula;
21, 22, 23 & 24
Engelhardia
/
Ericaceae;
20 Betula;1621,
22, 23
& 24 Juglandaceae,
Engelhardia
/ Platycarya;
25Juglandaceae,
Engelhardia;
26 Poaceae;
Platycarya; 25 Engelhardia; 26 Poaceae; 27 Asteraceae, Cichorioideae; 28 Amaranthaceae; 29 Asteraceae, Asteroideae; 30 & 31
27 Asteraceae,
Cichorioideae; 28 Cheno-Amaranthaceae; 29 Asteraceae, Asteroideae; 30 & 31 Artemisia; 32
Artemisia; 32 Centaurea; 33 Cyperaceae. Photographs by K. Richards.
Centaurea; 33 Cyperaceae. Photographs by K. Richards.
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Plate 3.3 Photo-montage of representative pollen assemblage from 6.80 m and 7.20 m in core CDSE. Images
were taken under fluorescent UV light (exposure to UV for several seconds only i.e. not a prolonged exposure).
All images taken under identical light conditions and without photo-editing. Pollen taxa shown include
Plate 3 Photo-montage of representative pollen assemblage from 6.80 m and 7.20 m in core CDSE. Images were taken under
Taxodiaceae
(Glyptostrobus),
Alnus,
Artemisia,
Ephedra
fluorescent
UV light (exposure
to UVAsteraceae,
for several seconds
only i.e. notCheno-Amaranthaceae,
a prolonged exposure). All imagesPoaceae
taken underand
identical
light
and without
photo-editing.
Pollen taxa shown of
include
(Glyptostrobus),
Alnus,
Asteraceae,
Artemisia,
distachya.conditions
Differences
in colour
and fluorescence
the Taxodiaceae
Taxodiaceae
grains are
most
probably
due to minor
Poaceae
and Ephedra
distachya. Differences
in colour due
and fluorescence
of the Taxodiaceae
are most probably
variationsAmaranthaceae,
in depositional
setting,
taphonomy
and oxidation
to sub-aerial
exposure.grains
Photographs
by K.
due to minor variations in depositional setting, taphonomy and oxidation due to sub-aerial exposure. Photographs by K. Richards.
Richards.
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Celtis, Ilex and Fagus. Pollen of Taxodium and/or
Glyptostrobus was, however, not recorded.
Pollen from Taxodiaceae, Tsuga, Cathaya, Carya,
Pterocarya, Juglans, Zelkova, Liquidambar,
Nyssa and Castanea have not previously been
recorded in situ in late Pleistocene sequences in
exposures and boreholes in the western, northern
and eastern Caspian Sea region (e.g. Abramova,
1972, 1974, 1981, 1985; Grichuk, 1951, 1954;
Lavrushin et al. 2014; Tudryn et al. 2013; Vronsky,
1966, 1970, 1976; Yakhimovich et al. 1986). Neither
have these taxa been recorded in assemblages
containing redeposited palynomorphs in the
region. For example, Vronsky (1976) noted a
continuous presence of redeposited palynomorphs
(18 to 40% of the palynoflora) in late Pleistocene
– Holocene sediments in a 10 m core in the northeastern Caspian Sea close to the Emba River
mouth; the redeposited palynomorphs consisted
only of pollen from coniferous trees (Pinus and
Picea) and spores of ancient ferns.
Very little palynological data however, exists for
the Atelian period, except for a few samples from
the Mordovskoye locality in the lower Volga region
(Grichuk, 1954; Moskvitin, 1962) which are of little
interpretive value. Palynological data obtained
from the Mergenevo sequence in the Ural River
valley (Yakhimovich et al. 1986) shows that the
late Khazarian stage was marked by the presence
of frequent NAP indicating desert and steppe
vegetation. The climate became more humid
during the early Khvalynian, and lower reaches of
the Ural River were dominated by forest-steppe
vegetation. Coniferous forests in the region were
dominated by Picea, which later gave way to smallleaved and broad-leaved trees dominated by
Betula, Tilia and Quercus with less common Ulmus,
Carpinus, Fraxinus and Corylus.
In the eastern Black Sea coastal regions, pollen of
Taxodium, Sequoia, Taxus, Cryptomeria, Carya and
Rhus among others have been recorded in the Old
Euxinian and Uzunlarian stages (mid-Pleistocene);
these tree species were seemingly present in the
remnant Colchis forests until at least the end of the
mid-Pleistocene (Shatilova, 1974). More recent data
from DSDP site 380 in the south-western Black Sea
show that Taxodiaceae (including Glyptostrobus)
persisted in the southern Black Sea region until
within the Holocene, with extinction locally caused
by human activity rather than climatic factors
(Biltekin et al. 2015). Taxodiaceae pollen was also
recorded fairly commonly (up to ca. 20% of the PS)
in cores of Holocene age from the north-western
Aral Sea (Sorrel et al. 2007).

3.6.3. Botanical affinity and climate tolerance
of Taxodiaceae
The coniferous Taxodiaceae (Cupressaceae) family
includes numerous genera, several of which have
pollen with a distinct elongate ‘papila’. These are
the ‘Sequoia type’ which includes the evergreen
forest tree genera Sequoia and Cryptomeria and
the ‘Taxodium type’ which includes two deciduous/
semi-deciduous, buttress-rooted swamp genera,
Taxodium and Glyptostrobus. Both Taxodium (T.
dubium) and Glyptostrobus (G. europaeus) are
known from macrofossil records to have occurred
in Europe since the Paleogene (Kunzmann et al.
2009) diminishing during the late Pliocene and
becoming extinct at various times during the
Pleistocene (Zagwijn, 1960; Michaux et al. 1979;
Biltekin et al. 2015). Taxodium typically occurred
in the northern Boreal regions with Glyptostrobus
occurring further east towards Paratethys (Mai,
1995).
Both fossil genera have been found together,
for example in the Miocene ‘fossil forest’
at Bükkábrány, Hungary (Erdei et al. 2009).
Glyptostrobus is dominant (confirmed by fossil
seeds and cones) in similar ‘fossil forests’ of late
Pliocene to early Pleistocene age at Dunarobba
and Le Matole, central Italy (Martinetto et al. 2014)
and Stura di Lanzo, north-western Italy (Vassio et al.
2008). Taxodium (T. distichum and T. mucronatum)
persists to the present day in tropical to subtropical swamp regions of south-eastern USA,
Mexico and Guatemala (Farjon, 2001; Kunzmann
et al. 2009). Naturally occurring Glyptostrobus (G.
pensilis) is presently restricted to very small stands
of light-requiring trees in montane foothills (to 900
m asl), semi-deciduous and dry-evergreen swamp
forest in central Vietnam and Laos (500-700 m asl)
and in floodplains and deltas in lowland China
(Averyanov et al. 2009; Thomas, 2013).
The pollen attributed to Taxodiaceae (Plate 3.2)
in the Emba cores bears a close resemblance
to the gaping-suture inaperturate pollen from
Glyptostrobus pensilis, as illustrated by Biltekin et
al. (2015) and, taking into account the historical
geographic distributions of Taxodium, it is most
likely that the pollen preserved in the Emba deltaic
deposits is derived from Glyptostrobus rather
than Taxodium. Furthermore, G. pensilis is the
only currently extant species of this genus and it
was widespread throughout much of China prior
to large-scale agricultural clearance. Because
Glyptostrobus requires swampy conditions for
survival, the trees were probably growing in the
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Emba palaeo-delta and along the river margins of
the lower reaches of the Emba and Ural rivers.
The sedimentary record, a mix of grey and reddish
brown silty clays with root traces, points to a low
energy regime and deposition occurring under
seasonal climates. This corresponds closely to the
situation observed at Dunarobba and Le Matole,
Italy, where in situ Glyptostrobus trunks, cones,
fruits and leaves occur in interbedded bluegrey and reddish brown muds, with deformation
from root bioturbation and sub-aerial exposure
indicated by desiccation cracks (Figure 3.18). These
fossil occurrences are remnants from the margins
of Plio-Pleistocene Lake Tiberino (Martinetto et al.
2014), situated to the west of former Lake Pannon.
Cenozoic Paratethyan populations of Glyptostrobus
have been interpreted as being frost intolerant,
and not surviving if the mean annual temperature
of the coldest month is below 0°C (Mai, 1995,
Kunzmann, et al. 2009). However, Glyptostrobus
pensilis is reported to be frost tolerant to -20 oC
and Cryptomeria to -25° C (Sakai, 1971; Sakai and
Kurahashi, 1975; Bannister and Neuner, 2001).
It is uncertain if these trees survived in the north
Caspian region for the entire duration of the
Pleistocene (i.e. prior to MIS 3) but re-population
of swampy areas and floodplains by Glyptostrobus,
and probably other taxa, could have occurred
during MIS 5 when broad-leaved forests were
present in North Eurasia (Bolikhovskaya, 2007), the
East European Plain and East Asia, and January
mean temperature in north-eastern Europe and
northern Asia was warmer than at present by ≥
6°C (Frenzel et al. 1992). The Taxodiaceae pollen
disappears in the uppermost 3 m of the Emba
cores and presumably the temperate swamp
vegetation was much reduced by the onset of
the maximum late Pleistocene glaciation. It was
replaced by cold and drought tolerant herbs
and other sources of NAP, principally Artemisia,
Cheno-Amaranthaceae and Poaceae. The timing
of this local extinction was around 26,000 cal.
BP, just after the transition from MIS 3 to MIS 2.
This disappearance of Taxodiaceae and other
mesophilic pollen types from the Emba records is
consistent with the climate models of Arpe et al.
(2011) and Leroy and Arpe (2007) who indicate
significant cooling in the north Caspian region at
the LGM. Aridification and increasing salinity (as
indicated by the persistence of Lingulodinium
machaerophorum) may also have contributed
to the decline of Glyptostrobus. In the Caspian
region, the local extinctions of Taxodiaceae taxa
Glyptostrobus pensilis and possibly Cryptomeria

are more likely due to edaphic rather than climatic
causes.
3.6.4. Pollen of Taxodiaceae and from
other thermophilous plants: in situ or
reworked?
As previous palynological studies of the late
Pleistocene from the northern Caspian region and
southern Russia have not shown any significant
amounts of pollen from Taxodiaceae or other
thermophilous-hygrophilous plants, it is legitimate
to consider if these occurrences in the present
study could be reworked or of contaminant origin.
The Taxodiaceae pollen in the Emba Delta samples
is generally very well preserved and lacks any
visible signs of thermal alteration. Colour and
preservation are, on the whole, similar to those
of most other pollen types present (Plate 3.2).
Examination under UV light also shows a high
degree of consistency in fluorescence between
the Taxodiaceae pollen and grains of, for example,
Cheno-Amaranthaceae and Artemisia pollen in
the same samples (Plate 3.3). In addition, the
Taxodiaceae pollen occur in several abundance
peaks of up to 20% of the PS at 7.20 m, 6.80 m and
5.30m in core CDSE, that are matched by reduced
proportions of NAP and increased assemblage
diversity. Reworking (i.e. pollen eroded from
older sediments and brought in by river flow)
is unlikely to account for the high numbers and
good preservation of Taxodiaceae pollen and
other pollen from thermophilous plants recorded,
especially in view of the fine-grained sediments
(clays and silts) present in the whole of Unit 3. Root
traces are preserved within several of the cored
sections, and these also point to a low energy
sedimentary regime. The Emba River does drain
part of the Urstyurt Plateau where middle Miocene
(Sarmatian) clastic and carbonate sediments occur
(Pánek et al. 2016) and sediments of this age can
contain relatively high number of Taxodiaceae
pollen (Grímsson and Zetter, 2011). Landslides from
the Urstyurt Plateau, with slumping of Sarmatianaged sediments, are linked to the early and late
Khvalynian transgressions (Pánek et al. 2016) but
are dated as not older than ca. 43,000 cal. BP, with
most radiocarbon ages (range of 14,130 to 13,190
cal. BP) showing affinity with the late Khvalynian
transgression. Without further investigations, this
cannot be taken as conclusive evidence for a
reworked origin of the Taxodiaceae pollen that
occurs commonly in Unit 3 of the present study.
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Figure 3.18. A) Fossil Glyptostrobus pensilis (Taxodiaceae) trunk in late Pliocene (Piacenzian) outcrop at Le
Matole, Central Italy. B) Detail of substrate under G. pensilis trunk showing alternations of grey silty-clay and ironrich, sub-aerially exposed muds. Photographs by K. Richards.
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Reworking by extrusion from mud volcanoes is a
possibility that should also be considered. Mud
volcanoes are commonplace in the South Caspian
Basin (e.g. Milkov, 2000, Ginsburg and Soloviev,
1994). They are, however, usually discernible in
seismic profiles (Stewart and Davies, 2006). There
is no evidence from the seismic data available to
the current study to indicate the presence of mud
volcanoes. There are reports of mud volcanoes on
the Buzachi Peninsula, about 150 km to the south
of the Emba Delta region (Gribkov et al. 1976) and
they are cited as a theoretical risk to drilling in the
offshore region (Crandall, 2006). However, there is
no direct evidence to indicate the presence of mud
volcanoes in the Emba Delta region and nothing to
suggest they have played any role in the sediment
provenance within the current study. Salt diapirs
are known to occur in the north Caspian Sea region
(Kroonenberg et al. 2005; Figure 3.2) and, where
present, will cause sediment compression. Even so,
there is no sign of significant sediment deformation
from seismic data in the study area and no visible
signs of significant sediment disturbance in the
studied cores.

It is therefore concluded, in the absence of any
evidence to the contrary, that the Taxodiaceae and
co-occurring pollen from thermophilous plants
in the Emba cores are in situ and this supports
the presence of warm temperate Glyptostrobus
freshwater swamp in the Emba / Ural region of the
Caspian Sea in the late Pleistocene. Radiocarbon
ages within the range of 47,820 to 40,560 cal. BP
show conclusively that Unit 3 was deposited during
the MIS 3 interstadial, and therefore relatively
warm climatic conditions are not unexpected.
In the eastern Black Sea, the time interval from
ca. 54 to 44 ka BP also shows an increase in
pollen of a large diversity of warm temperate
arboreal taxa, including Castanea, Ilex, Juglans,
Pterocarya, Tilia, and Ulmus (Shumilovskikh et al.
2014). The data suggest that relict populations
of Glyptostrobus survived in the Caspian lowland
region; either they persisted throughout most of
the Pleistocene, or were periodically re-populated
(presumably during interglacials) from another
warmer locality. If the latter, those re-populations
presumably may have come from the east, the
only region where Glyptostrobus survives to the
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present day, and where the tree was formerly much
more widespread. There are, however, no known
pollen records of sufficient detail from central
and eastern Asia that can be used to pinpoint
former populations of Taxodiaceae during the
Pleistocene. Occurrences of Taxodiaceae pollen
in Lake Baikal (Akulov, et al. 2015) are reported
as reworked. It is uncertain if re-population to
the Caspian region could have occurred from the
southern Black Sea due to the barrier posed by the
Caucasus mountains. It is possible that the southern
Black Sea and north-eastern Caspian Sea were
both ‘refugium’ areas for Glyptostrobus and other
mesophilic trees.
3.6.5. The Mangyshlak Lowstand
The Unit 2 / Unit 1 boundary in the present study,
with all of the late Khvalynian and LGM sedimentary
record missing, is clearly equated with the
Mangyshlak lowstand, a feature widely visible in
the north Caspian region which occurred between
ca. 12,500 and ca. 9500 cal. BP (Bezrodnykh and
Sorokin, 2016). The onset of the lowstand occurred
shortly after the start of the Younger Dryas, a wellknown period of cold and dry conditions (ca.
12,680 to 11,590 BP) that affected much of the
northern hemisphere. As the Volga River is by far
the main control of Caspian water balance (Arpe et
al. 2012) it is highly likely that increasing aridity in
the Volga catchment during the Younger Dryas is
the principal forcing mechanism for the Mangyshlak
lowstand. Leroy et al. (2013) suggest that the
Mangyshlak lowstand ‘must have been caused
more than just by climatic change’, citing changes
in palaeohydrology of the Volga River and diversion
of the Amu-Darya River away from the Caspian
Sea to the Aral Sea in the early Holocene (Boomer
et al. 2000) as additional causes. Diversion of the
Amu-Darya River was most probably initially caused
by aridity during the Younger Dryas followed by a
base-level lowering associated with the Mangyshlak
event. Reduced Amu-Darya water flow would have
led to deposition of terminal fans in the present day
Uzboy region, blocking the outflow to the Caspian
Sea and forcing renewed river flow northwards
towards the Aral Sea.
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3.7

Conclusions

Cores from the Emba Delta region of the northeastern Caspian Sea have provided a sedimentary
record for part of the late Pleistocene and
Holocene. The oldest sediments are beyond the
range of radiocarbon dating but represent dunes,
similar to the Holocene ‘Baer knolls’, that formed
under desert conditions during the Atelian MIS
4 Caspian Sea lowstand. Associated microfossils
indicate subsequent flooding of the dunes by rising
Caspian Sea levels.
Dinocysts have similar distributions in the Black
Sea and Caspian Sea at this time, suggesting a
prior connection of these water bodies. Pterocysta
cruciformis was frequent during MIS 4 and
Impagidinium inaequalis common in MIS 3: both
taxa were recorded commonly for the first time
in the Caspian Sea. This shows that dinocysts are
useful indicators of changing water conditions,
although they remain largely unstudied in the north
Caspian region.
Low-energy silty clays with brackish water and
distal Caspian ostracod faunas and dinocysts were
deposited during early MIS 3, corresponding to the
latter part of the Atelian and early part of the early
Khvalynian regional stages. Pollen from trees today
restricted to East Asia (e.g. Carya and Engelhardia)
demonstrates floral affinity between East Asia and
the Caspian region. Seasonal freshwater swamp
with Glyptostrobus pensilis, now restricted to

mid-elevation and lowland eastern Asia, was
present in the north-eastern Caspian region
during MIS 3 and water flow from the Emba River
was greater than at present. There is no evidence
to indicate a reworked origin for these pollen
associations.
Rising water levels in early MIS 2, associated with
part of the early Khvalynian, deposited a partial
barrier bar complex. Subsequent late Khvalynian
highstand sediments and the LGM record are
missing through erosion associated with the
Mangyshlak lowstand at the very end of the
Pleistocene and early Holocene after ca. 12,500 cal.
BP. Increased salinity and high frequency sea level
changes occurred during the Holocene.
The results of this study have improved our
understanding of depositional processes in a low
gradient, low sediment influx coastal environment
subject to frequent rapid sea level change.
Results obtained provided new insights that can
be incorporated into present day and future flood
defence programmes, including the need to
accommodate relative sea level rise of potentially
tens of metres as the northern catchment areas
become warmer and more humid during the next
Century.
Further detailed multi-disciplinary studies are
needed from late Pleistocene sediments in the
northern Caspian region in order to provide data
points for regional comparisons.
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CHAPTER 4 Palynology and sedimentology of the late Miocene ‘Pontian’ and Pliocene
Productive Series from outcrop studies in Azerbaijan, western Caspian Sea
Abstract
A palynological and sedimentological study of 282 outcrop samples from Azerbaijan, collected mostly
in the Kirmaky Valley and Yasamal Valley, has been carried out. The samples were obtained from the
late Miocene ‘Pontian’, from the Pliocene Productive Series and from the Plio-Pleistocene Akchagyl
Series. ‘Pontian’ sediments contain mainly brackish lacustrine palynofloras which occur above a marineinfluenced flooding event. There is possible indication of a drying climatic episode towards the end of
the ‘Pontian’ that could be coincident with the Messinian Salinity Crisis, but there is no direct evidence
for a significant base level reduction in the Caspian Sea at this time. Palynological assemblages from
the Kirmaky Suite of the Lower Productive Series (LPS) show considerable variation within depositional
settings that range between fluvial and deltaic-lacustrine. The dominant depositional regime for the sand
bodies is interpreted as fluvial, with most mudstones and siltstones representing lacustrine flooding
events. LPS deposition ended with the NKG clay, a largely red bed succession interpreted as a basinward
migration of fluvio-lacustrine facies. The Pereryv-Fasila and Balakhany Suites of the Upper Productive
Series (UPS) consist mainly of fluvial sands. Palynofloras from associated clay and siltstone beds indicate
deposition mostly within fluvial and/or alluvial settings with terminal splays, and flood plain lakes and
ponds present. Muds within the overlying Sabunchi Suite were deposited mainly in freshwater to saline
flood plain lakes. Minor lacustrine incursions in the UPS are suggested by the sporadic presence of
brackish dinocysts. UPS deposition ended with the predominantly sand Surakhany Suite, which is overlain
by the marine-influenced Akchagyl Series, which spans the Plio-Pleistocene boundary. Deposition
within this enclosed, low relief basin is likely to have been strongly influenced by changes in climate
and discharge from the Volga and Kura Rivers, which influence Caspian lake level and the types of
sediments that are preserved. There is a suggestion of cyclical deposition evident from the palynological
assemblages from the Kirmaky Suite, which recur over intervals of ca. 80 to 100 m. These are marked at
the base by increased freshwater algae followed by increased numbers of brackish dinocysts, interpreted
as transgressive events (rising Caspian lake levels) responding to a warm and seasonally humid climate.
The later parts of each ‘cycle’ are characterised by increased numbers of reworked palynomorphs, saltmarsh and alluvial plain indicators, probably associated with an increasingly dry climate and falling
Caspian lake levels. Further investigation is required but it is possible that these ‘cycles’ are linked to 100
kyr Milankovitch orbital eccentricity cycles.
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4.1 Introduction
This palynological study is based primarily on
samples obtained from outcrop localities at
Kirmaky Valley and Yasamal Valley, Azerbaijan
(Figure 4.1). The study is focused on the Productive
Series (PS), the principal hydrocarbon reservoir
interval in the South Caspian Basin, containing
reserves of approximately ca. 6.6–8.1 Billion Barrels
of Oil Equivalent (McCutcheon and Osbon, 2001;
Noual and Felder, 2002). Production of oil (and
later, gas) commercially from the PS has occurred
at least since the early part of the 19th Century. Very
first production was from hand-dug pits in and
around the Baku region, with the first known oil well
drilled in 1848 (Guliyev et al. 2012). At the present
time, oil production from the PS in Azerbaijan is
around 800 k barrels of oil per day, and with very
significant volumes of gas also produced, the latter
mostly from offshore wells (e.g. the BP-operated
Shah Deniz field).

The largely clastic PS has a maximum thickness
of up to ca. 10 km (Baganz et al. 2012) and was
deposited over a period of between 2 and 3 million
years. It is made up mostly of sands and mudrocks
sourced predominantly from the palaeo-Volga
River, with lesser sediment input from the palaeoKura River (Vincent et al. 2010). To accommodate
this sediment thickness, tectonic basin subsidence
is suggested to have been very rapid (Allen et al.
2002; Brunet et al. 2003; Green et al. 2009).
In Russian and Azeri literature, (e.g. Azizbekov,
1972; Buryakovsky et al. 2001), a Pliocene (i.e.
Zanclean to Piacenzian) age for the PS is invariably
inferred. In more recent years, considerable
debate has taken place (e.g. Green et al. 2009;
Abdullayev et al. 2012) suggesting that the onset
of PS deposition may have occurred during the late
Miocene, possibly linked with the drawdown of the
Mediterranean Sea during the Messinian Salinity
Crisis (MSC). There is however, up to now, no
unequivocal evidence that confirms a late Miocene

Figure 4.1 Location map showing the principal study areas on the Apsheron Peninsula, Azerbaijan.
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Figure 4.2
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present in the western region of the South Caspian
Basin (modified after Baganz et al. 2012).

age for PS sediments, and therefore a direct (i.e.
causal) link between the MSC and PS deposition
remains unproven. On the contrary, recent
magnetostratigraphic studies (van Baak, 2015; van
Baak et al. 2016) support the Pliocene age model,
with PS deposition estimated to have taken place
between ca. 5.3 Ma and 2.71 Ma.
The PS is informally divided into lower and upper
parts, each consisting of several lithological ‘suites’
(Figure 4.2.). From oldest to youngest, the lower
PS consists of the Kalin Suite (KaS), the Kirmaky
Suite (KS), Post-Kirmaky Sand Suite (NKP) and PostKirmaky Clay Suite (NKG) (Kerimov et al. 1992).
The upper PS includes the Pereryv-Fasila Suite,
Balakhany Suite, Sabunchi Suite and Surakhany
Suite. Sub-units X, IX, VIII, VII, VI and V are often
recognised within the Balakhany Suite (Buryakovsky
et al. 2001). Most of the oil and gas production is
from the sandy Pereryv-Fasila Suite, with significant
production also from the Balakhany VIII sand unit.
Successive studies of the PS (e.g. Abdullaev et al.
1998; Vincent et al. 2010) have placed emphasis
upon the documentation of sand body type and
architecture in an attempt to assess reservoir
distribution and quality. However, a significant
proportion of the PS is composed of heterolithic,
mudstone-dominated sediments. At outcrop,
these fine-grained intervals often display nondiagnostic sedimentological features, and these
fine-grained silts and muds have been the focus
of the palynological work in this study, in order
to determine environment of deposition and the
prevailing climatic regime. Despite the interest in
this succession, the PS remains relatively poorly
understood in terms of the precise depositional
environments of the rocks, the extent of climatic
influence on sedimentation and the stratigraphic
arrangement and links, if any, to global climatic
cyclicity.
Sediments underlying the PS include the Eocene
Koun Formation, the Oligocene to early Miocene
Maykop Formation, the middle to late Miocene
‘Diatom Suite’ and the late Miocene ‘Pontian’.
Sediments overlying the PS include the marineinfluenced Akchagyl (latest Pliocene–early
Pleistocene), the mainly brackish Apsheron (early
Pleistocene), deposits attributed to the middle to
late Pleistocene Bakunian, Khazarian, Khvalynian
regional stages, and the Novocaspian (Holocene).
For a review of early literature on the stratigraphy
and stratigraphic nomenclature of the region, see
Jones and Simmons (1996) and Alizadeh et al.
(2016).
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4.2 Previous Work
4.2.1. Sedimentology
The first modern sedimentological description
of the succession was not published until 1998
(Reynolds et al. 1998) and subsequently by Hinds
et al. (2004, 2007). All workers are more or less
agreed that the PS encompasses environments
ranging from true fluvial to lacustrine (i.e. the
Caspian Lake). Reynolds et al. (1998) put emphasis
on a deltaic setting, placing PS sediments in four
environment categories, namely fluvial, delta top,
proximal delta front and distal delta front. They
envisaged many of the sand bodies in the lower
PS being deposited as delta-front mouth bars in
lacustrine to fluvially dominated delta settings,
similar to those inferred from palynological studies
(e.g. Richards et al. 2014) in the offshore region.
Hinds et al. (2004, 2007) and Vincent et al. (2010),
working entirely on outcrop sections in Azerbaijan,
placed more emphasis on a fluvial depositional
settings which, whilst recognising the importance
of open water, lacustrine influences, suggested
that many sands were deposited in a true fluvial
environment, either within braided or meandering
channels, or as sheetflood deposits.
4.2.2. Biostratigraphy
The earliest studies on the biostratigraphy of the
Productive Series are now over 50 years old (e.g.
Khalilov, 1946; Agalarova, 1956; Aglarova et al.
1961), as are a few papers on ostracods faunas of
the coeval Red Coloured Series of Turkmenistan
(e.g. Agalarova, 1956; Mandelstam et al. 1962).
Very little has been formally published on the
palynology of the Productive Series, although in
recent years papers have gradually appeared which
include palynological data from various localities
within Paratethys, including the Pannonian Basin
(e.g. Harzhauser et al. 2008; Kern et al. 2012;
Bakrač et al. 2012; Soliman and Riding, 2017),
the Black Sea (e.g. Popescu et al. 2010; Grothe
et al. 2014, 2016) and the Caspian Sea (e.g.
Filippova, 1997; Richards et al. 2014; Bati, 2015).
Palynological studies including photographic
records of key taxa in Pleistocene to recent
sediments of the Black Sea and Caspian Sea
include Wall et al. (1973), Mudie et al. (2001, 2011),
Marret et al. (2004), Leroy (2010), Ferguson et al.
(2016) and Richards et al. (2016) among others.

4.3 Methodology
All the work reported in this study is based on
outcrop sections on the Apsheron Peninsula, in
the Kura Basin or Gobustan area of Azerbaijan
(Figure 4.1). These outcrops have been the subject
of extensive sedimentological studies, only parts
of which have been previously published (Hinds
et al. 2004, 2007; Vincent et al. 2010). Whilst
carrying out the sedimentological logging of
these outcrops, samples were collected for
biostratigraphic analysis, with emphasis on finegrained clays, muds and silts in order to increase
potential recovery of microflora and microfauna.
Samples were collected to highlight changes in
lithology or facies, and/or from parts of the section
with known interpretational issues. Samples from
the ‘Pontian’ and the lower PS were obtained from
the Kirmaky Valley. The ‘Pontian’ and PK were
sampled by Geological Institute of Azerbaijan
(GIA) in a west-east trending trench in the central
region of the valley. Samples from the KS, NKP,
NKG and Pereryv-Fasila were collected during
CASP fieldwork, and taken from exposed outcrops,
also from the central part of the valley. Samples
from the upper PS, namely from the Balakhany
and Sabunchi Suites were collected during CASP
fieldwork at the Yasamal Valley locality. The
Surakhany Suite (the uppermost unit of the PS),
has been studied in detail from the Lokbatan and
Babazanan localities; these results were published
by Vincent et al. (2010) [see chapter 5 of this thesis].
Samples from the overlying Akchagyl Suite were
also taken at these two localities. An additional
sample set from the (presumed) upper PS was
collected by Chris van Baak of Utrecht University
from the Jeirankechmez Valley. All these samples
were studied for palynology, with selected samples
also studied for microfauna. The complete
sedimentological descriptions for the Kirmaky
Valley and Yasamal Valley sections (originally
drawn by David Hinds) are presented here for
the first time, together with annotations showing
palynological characteristics.
In total, 282 samples were prepared and analysed
for palynology using standard preparation and
analytical techniques [see chapters 2 and 3 of this
thesis]. Palynological analysis was carried out by
Keith Richards. Sixty-three samples were processed
and analysed for calcareous microfossils with
analyses carried out by Mike Bidgood (foraminifera)
and John Athersuch (ostracoda). Multivariate
statistical techniques, including Cluster Analysis
and Principal Components Analysis, were used
to characterise palynological assemblages in the
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Figure 4.4
Sedimentary logs for the Lower Productive Series (NKG) and Upper Productive Series (Pereryv- Fasila,
Balakhany X, IX & VIII) at Kirmaky Valley, showing positions of samples studied for palynology and palynological
assemblages. Logs are scanned from original field logs drawn by David Hinds. For key, see Figure 4.3.
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lower PS (Kirmaky Valley) and upper PS (Yasamal
Valley), using PAST software (Hammer et al. 2001).
Samples studied are referred to in the text by
their stratigraphic position (measured depth in
metres) within the respective outcrop section.

4.4 Results and interpretation
Complete sedimentology logs with a summary
of palynological data are presented in Figure 4.3
(Kirmaky Valley, lower PS), Figure 4.4 (Kirmaky
Valley, upper PS, Pereryv-Fasila to Balakhany
VIII) and Figure 4.5 (Yasamal Valley, upper PS,
Balakhany X to Sabunchi). No detailed logs are
available for the ‘Pontian’ and PK sand unit.
Results of Principal Components Analysis are
shown for samples from Kirmaky Valley (Figure
4.6) and Yasamal Valley (Figure 4.7). Results of
Cluster Analysis for both localities are shown in
Figure 4.8. On the basis of these multivariate
statistical analyses of the palynological data, nine
fairly distinct assemblages can be recognised:
Assemblage 1:
Assemblage 2A:
Assemblage 2B:
Assemblage 2C:
Assemblage 2D:
Assemblage 2E:
Assemblage 3:
Assemblage 4:
Assemblage 5:

Pinus rich
Taxodiaceae rich
Freshwater to brackish
algae
Frequent Amaranthaceae
/ fungal bodies
Brackish to saline algae
Low diversity / poor
recovery
Frequent brackish
dinocysts
Frequent reworking e.g.
Classopollis
Frequent reworking e.g.
spores.

4.4.1. ‘Pontian’ (Kirmaky Trench)
Stratigraphy and Sedimentology
‘Pontian’ is a regional stage name most
frequently used in central and eastern Paratethys
to characterise sediments of late Miocene,
(mostly) Messinian age, that are broadly time
or facies equivalents to the pre-evaporitic and
evaporitic deposits associated with the MSC
in the Mediterranean (Jones and Simmons,
1996). As the ‘Pontian’ is principally defined by
microfauna, it is not a uniformly time-constrained
unit. In the Caspian Sea, the ‘Pontian’ extends
to approximately the end of the Miocene and is
overlain by the Pliocene PS (van Baak et al. 2016).
The basal ‘Pontian’ is transgressive, indicated

by brief pulses of marine foraminifera recorded
in the Dacian Basin (Stoica et al. 2013), Black Sea
(Krijgsman et al. 2010) and Caspian Basin (van Baak
et al. 2016) but otherwise contains mainly brackish
microfauna and palynofloras.
In the present study, the ‘Pontian’ occurred in
an interval of ca. 123 m (5.70 m-128.80 m) in
thickness, conformably overlying (based on field
observation) the ‘Diatom Suite’(of presumed
late Miocene, Meotian age). The lowermost ca.
15 m of the ‘Pontian’ is made up mainly of dark
grey carbonaceous mudrocks, overlain by mainly
yellowish grey to blue grey or grey silty clays and
sandy silts. Minor interbeds of dark brown to dark
grey clays, and very rare sandstones are present.
There are localised signs of minor oxidation of the
silts or clays in the mid part of the section. Gypsum
beds (presumed, based on field observation, to
be secondary) occur in the uppermost 20 m of the
section.
Palynology and biostratigraphy
Twelve samples were studied for palynology from
the ‘Pontian’. The basal sample 5.70 m contains
significant marine content, with long-spined forms
of the dinocyst Lingulodinium machaerophorum
frequently present (more than 50 specimens).
Samples from the interval 14.30 to 28.30 m show a
marked increase in low salinity tolerant dinocysts,
including Spiniferites cruciformis and Pyxidinopsis
psilata. Reworked Mesozoic pollen (Classopollis)
is also common. These dinocysts are present only
rarely in the sample interval 44.50 to 71.90 m
where Pinus pollen predominates and freshwater
algae (Pediastrum and Botryococcus) are common.
The upper part of the study interval (samples
85.00 m and 127.90 m) contains very abundant,
mainly smooth-walled Tasmanites (and/or a similar
prasinophycean alga) with Botryococcus also
present in abundance. A similar assemblage occurs
in the uppermost sample, 128.70 m, although with
reduced Tasmanites, increased brackish dinocysts
and increased reworking. An intermediate sample
(100.10 m) has less algal content and increased
numbers of tree pollen including Pinus (abundant)
and Tsuga (common). Samples 5.70 m and 28.30
m were examined for calcareous nannofossils but
yielded only reworked (mainly Paleogene and
Cretaceous) taxa. No samples were studied for
microfauna.
The increased numbers of Lingulodinium
machaerophorum at 5.70 m are most likely to
be a representation of the basal ‘Pontian’ marine
flooding event seen elsewhere throughout
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Kirmaky

Figure 4.6
Results of Principal Components Analysis on outcrop samples (mostly Lower Productive Series) from the Kirmaky
Valley, Azerbaijan.

Paratethys (Krijgsman et al. 2010; Stoica et al. 2013)
and in western Azerbaijan, where this flooding
event is dated at 6.12 Ma (van Baak et al. 2016).
As observed by Grothe (2014, 2016) in the Black
Sea, the increase in L. machaerophorum at 5.70 m
coincides with the presence of rare Paratethyan
endemic dinocysts, in this case Spiniferites
cruciformis. Increased numbers of these taxa in the
Kirmaky Trench (14.30 to 28.30 m, and 128.70m)
suggests brackish lacustrine deposition.
The middle to upper part of the ‘Pontian’ contains
two distinct palynological assemblages. The first,
characterised by tree pollen with abundant Pinus
and common Tsuga, suggests cool and relatively
humid conditions in the interval 44.50 to 71.90
m and at 100.10 m. The second, with abundant
Tasmanites (or similar alga) and Botryococcus at
85.00 m and 127.90 m, suggests shallow water
deposition, probably in a brackish to saline flood
plain lake or similar setting. The absence of in
situ dinocysts suggests that an open water (i.e.

deep lacustrine) setting is unlikely. Similarly, the
predominance of angular, black inertinitic organic
matter means that water conditions were not
stratified. Climate conditions are most likely to have
been cool and dry.
There is no clear indication of a significant
reduction in base level within this studied 'Pontian'
succession, and therefore no firm evidence for
the recognition of an event that can positively
be attributed to the MSC. On the other hand, the
significantly increased presence of Tasmanites
towards the top of the ‘Pontian’ interval is a
possible indication of a drying climatic episode that
could be coincident with the MSC. The significance
of the gypsum beds within this upper interval
also requires further investigation, as these were
interpreted on field observation as re-crystallised,
secondary occurrences. The sample at the very
top of the ‘Pontian’ indicates a return to brackish
lacustrine deposition, which is then truncated by
the unconformity at the base of the PS.

Palynology and sedimentology of the late Miocene ‘Pontian Series’ and Pliocene | 101
Productive Series from outcrop studies in Azerbaijan, western Caspian Sea

Yasamal

Figure 4.7
Results of Principal Components Analysis on outcrop samples (Upper Productive Series) from the Yasamal Valley,
Azerbaijan.

4.4.2 Lower PS, KaS (not present in outcrop)
Stratigraphy and Sedimentology
The KaS (Kalin or Kala Suite) is only known from the
offshore areas of the Caspian Sea, where it onlaps
the western basin margin (Riley et al. 2012). The
unit is typically between ca. 200 to ca. 500 m in
thickness and may consist of up to five quartz-rich
sand and grey to light grey sandy shale packages;
average sandstone porosity is ca. 17% (Buryakovsky
et al. 2001).
Palynology
Palynological analyses of the KaS are so far only
known from proprietary studies from the offshore
region, which show a strong fluvio-deltaic to
brackish lacustrine signal. Alternations of abundant
Taxodiaceae and Amaranthaceae pollen suggest a
warm, seasonally wet and seasonally dry climate.

4.4.3 Lower PS, PK (Kirmaky Trench)
Stratigraphy and Sedimentology
The PK sandstone is present in outcrop and
subcrop at the western edge of the Kirmaky
Valley where it measures between ca. 18 and ca.
32 m in total thickness (Aliyeva et al. 2008; Riley
et al. 2012). The sediments consist mainly of
cross-bedded sandstones interpreted as braided
fluvial deposits which fine upwards towards the
overlying KS sediments. Thin mud interbeds occur
rarely and channel bases often contain mud clast
conglomerates.
Palynology
Sample 134.10 m is taken from a mud interbed and
contains a mixed association including relatively
common algae (e.g. Botryococcus) in association
frequent reworked Mesozoic pollen (Classopollis)
and spores, within a diminished in situ assemblage.
Fungal spores have a minor abundance peak.
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Yasamal Yasamal
Figure 4.8
Results of Cluster Analysis on outcrop samples from
the Kirmaky and Yasamal localities, Azerbaijan.

Palynology and sedimentology of the late Miocene ‘Pontian Series’ and Pliocene | 103
Productive Series from outcrop studies in Azerbaijan, western Caspian Sea

Sample 152.50 m is from a mud clast unit within a
channel sand and contains a fairly rich assemblage
and significant numbers of low salinity dinocysts
including Caspidinium rugosum, Galeacysta etrusca
and Spiniferites cruciformis.

periodic subaerial exposure.
Palynology

Hinds et al. (2004) recognised two types of
sandstone-dominated packages in the KS at
Kirmaky Valley. Type (a) sandstone packages
account for up to ca. 70% of the sediments present
at this locality and range from between 2 to 7 m
in total thickness. They consist of amalgamated,
sharp-based channel sands, each typically
1-2 m thick and 30-40 m wide, with low-angle cross
bedding or parallel lamination, and often with
intra-formational mud clast conglomerates lining
the basal contacts. Type (b) sandstone packages
are between 1.5 and 7 m in total thickness with
individual sand beds typically between 0.5 and 3
m in thickness, often with intra-formational mud
clasts present. Laminations are mostly parallel
or sub-parallel, with convolute and climbing
ripple lamination also common. Type (a) and
type (b) sandstones vary in colour from yellow to
brown (bitumen stained) and steel grey (calcite
cemented). Reddened rootlet casts are locally
present at the tops of beds. Fine-grained sediments
are also described by Hinds et al. (2004). These
packages are typically between 2 and 8 m in total
thickness, containing interbeds of clay, silty, silty
sand and very fine sand. Black, dark brown and
grey silts are the dominant lithologies. Clays are
not a major lithological component but do occur as
thin, laterally continuous black layers within most of
the fine-grained packages. Mud-filled desiccation
cracks occur (mainly in the lower part of the KS) and
beds with mottling and/or rootlets are also present
(mainly in the upper part of the KS).

Seventy-five samples were studied, taken from
a measured section of ca. 270 m. Recovery of
palynomorphs is good, with no samples being
barren and only one sample containing less than
200 palynomorphs. It should be noted, however,
that almost all samples were taken in fine-grained,
silty or clay-rich sediments. Assemblage diversity
is also fairly high, with between 50 and 87 taxa
present in every sample studied. In most cases,
at least 50% of the palynoflora is made up of
various pollen types. Arboreal (tree) pollen (AP) is
generally dominated by Pinus and Taxodiaceae,
with lesser proportions of Alnus, Ulmus, Juglans,
Quercus, Carya and Pterocarya present. The most
frequent of the non-arboreal pollen (NAP) taxa is
Amaranthaceae (up to ca. 25% of the palynoflora),
with lesser but still fairly common presence of
Poaceae, Asteraceae and Artemisia (typically ca.
5% or less of the palynoflora). Pollen from Ephedra
distachya and Typha (emergent aquatic) are also
present consistently. Spores of various kinds
are consistent or common but may be largely
part of a reworked component. Algae include
periodically common Pediastrum (up to ca. 10% of
the palynoflora) with less common Botryococcus,
Tasmanites and Pterospermella. Fungal hyphae
show isolated but repeated abundance peaks.
Brackish-low salinity dinocysts are present in low
to moderate numbers in almost every sample,
and these taxa include Caspidinium rugosum,
Impagidinium caspienense, Spiniferites cruciformis,
Galeacysta etrusca and Pyxidinopsis psilata.
Reworked palynomorphs include mixed Neogene,
Paleogene, Mesozoic and Paleozoic taxa. Of note
is the presence of several abundance peaks of
Classopollis (up to ca. 40% of the palynoflora). It
should be noted that although individual samples
are collected at marked sample positions, each
sample will include many individual centimetre or
millimetre scale beds. The resultant palynological
assemblages studied are, therefore, a mixed
representation of several individual beds.
The overall assemblages are interpreted with
reference to multivariate statistical analyses (Figures
4.6 and 4.8).

Hinds et al. (2004) interpret the depositional
regime in the KS as occurring predominantly within
an alluvial plain setting, characterised by sheetflood
sands intercalated with fine-grained lacustrine and
overbank silts and muds. Reddened rootlet casts
indicate shallow water depths, while mottling of
mudrocks and evidence of desiccation indicates

‘Lower KS’ (ca. 15 to 101 m)
The lower portion of the KS has five samples within
Assemblage 4, three samples within Assemblage
2A, two with each of Assemblages 2C, 3 and 5, and
one within Assemblage 2B.
The recurrence of Assemblages 4 and 5, both
characterised by frequent reworking, suggests

Sample 134.10 m is likely to have been deposited
on the alluvial plain in a shallow lake or pond
setting with reworked sediments inwashed from
terminal splays. The brackish lacustrine assemblage
in sample 152.50 m is likely to be reworked from
the ‘Pontian’ as the sample is a mud clast at the
base of a channel sand.
4.4.4. Lower PS, KS (Kirmaky Valley)
Stratigraphy and Sedimentology

Figure 4.9
Sand body distribution and geometry of a 20 m measured section in the ‘Mid-Kirmaky Suite’ at the Kirmaky Valley (modified after Hinds, et al. 2004). The left
panels show the palynological assemblage assignments from mudstone units which are used to interpret depositional environments of the adjacent sand bodies.
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that the dominant depositional type was fluvial,
associated with flood plain and terminal splay
sediments. The presence of brackish dinocysts
in all samples indicates that deposition occurred
close to an open water, lacustrine environment.
These dinocysts increase significantly at 65.50
m and 94.00 m (Assemblage 3) which probably
represent thin, lacustrine flooding clays. A peak
in Classopollis (Assemblage 4, 97.50 m) and
in Amaranthaceae pollen and fungal hyphae
(Assemblage 2C, 101.00 m) suggest low energy
deposition under a drying climate at the top of this
lower interval of the KS.
‘Mid-KS’(ca. 106.00 m to 186.00 m)
Thirty-nine samples were studied from the midportion of the KS including closely-spaced samples
between ca. 130 m and ca. 135 m (Figure 4.9).
The main feature of the interval as a whole is the
increased representation of freshwater-brackish
algae (Assemblage 2B, present in 15 samples)
and brackish dinocysts (Assemblage 3, present
in 10 samples. A further eight samples fall within
Assemblage 2A (frequent Taxodiaceae pollen). The
upper part of the interval (above ca. 174.00 m) is
marked by several samples within Assemblage 2C
(Amaranthaceae pollen and fungal bodies) and a
single peak in Classopollis (Assemblage 4, 182.50
m).
This mid-portion of the KS is undoubtedly
marked by an increased presence of open
water palynomorphs, most notably freshwaterbrackish algae (Assemblage 2B) and brackish
dinocysts (Assemblage 3). Whilst the sands exhibit
a distinctly fluvial character, it is clear that the
majority of the interbedded clays and silts were
deposited in open water and therefore are likely
to represent lacustrine incursions. Taxodiaceae
pollen (Assemblage 2A) is also well represented
and this is derived from river-margin or lakemargin swamp forest or woodland. These are
obligate warm temperate trees and therefore
suggest a warming climate. Increased numbers
of open water palynomorphs suggest relatively
high humidity, which was most probably a driver
of the lacustrine flooding events. The increased
presence of Amaranthaceae pollen and fungal
bodies (Assemblage 2C) and reworked Classopollis
(Assemblage 4) at the top of the interval again
suggests low energy conditions in an alluvial plain
setting under a drying climate.
Figure 4.9 shows the locations and palynological
assemblage types in a set of samples taken over
a 20 m interval in the ‘mid-KS’. The sandbody
architecture map allows the integration of

the sedimentological observations with the
palynological assemblages. Sand bodies ‘A’ and ‘B’
were both deposited in between mudstones that
show a predominantly freshwater, lacustrine signal
(Assemblage 2B with frequent algae), although
brackish water dinocysts also occur. Sand body
‘A’ is mainly parallel bedded with climbing ripple
cross lamination, suggesting a uniform direction
of water flow and fairly rapid deposition (Allen,
1973). Incising channels are visible to the south
of the profile. Sample KC-A (130.00 m) was taken
from within the channel and yielded low numbers
of brackish dinocysts (Caspidinium rugosum) and
algae (Botryococcus), attributed to Assemblage 3.
Whilst these may be derived from rip-up clasts, it is
likely that the sands associated with ‘Sand body A’
were deposited in shallow open water in a Caspian
Lake setting.
Assemblage 5 in sample KC-D (132.80 m) indicates
alluvial plain deposition with likely surface
oxidation (and is also possibly associated with a
peak in fungi). This is overlain by an interbedded
succession with increases in brackish dinocysts
(Assemblage 3, e.g. sample KC-F, 134.00 m) and
freshwater-brackish algae (Assemblage 2B, e.g.
sample KC-G, 134.80 m), indicating more open
water influences. These assemblages obtained
from the mudstone intervals help to interpret
the origins of the intervening sandstone units.
Sand body ‘A1’ is interpreted as a likely crevasse
splay whereas sand body ‘B’, bracketed by open,
freshwater mudstones is likely to be of shallow
lacustrine origin. Alternatively, it could be a floodplain or channel succession occurring between two
lacustrine flooding surfaces. Increased Taxodiaceae
pollen (Assemblage 2A) at 141.50 m and 142.20 m
indicates more riverine affinity, with the likelihood
that sand body ‘C’ is composed of stacked channel
sands. An important conclusion from this study
of the KS is that sands within the unit may be
deposited in either fluvial or lacustrine conditions,
the latter possibly in a delta setting on the margins
of the Caspian Lake. Each sand body should
therefore be evaluated both in terms its internal
geometry and with reference to the depositional
environments of associated mudstones; this is
especially relevant within the KS where sand bodies
have previously been interpreted as predominantly
fluvial (e.g. Hinds et al. 2004) or fluvio-deltaic (e.g.
Reynolds et al. 1998).
‘Upper KS’ (ca. 191.50 m to 285.00 m)
Twenty-one samples were studied from the
upper part of the KS. Eleven samples fall within
Assemblage 2B (freshwater-brackish algae), four
within Assemblage 3 (brackish dinocysts), three
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within Assemblage 2A (frequent Taxodiaceae
pollen) and one sample within each of Assemblage
2C (Amaranthaceae pollen and fungal hyphae),
Assemblage 4 (Classopollis) and Assemblage 5
(mixed reworking).
The assemblages overall are broadly similar to
those present in the mid-part of the KS, in that they
contain a mix of palynomorph taxa indicative of
depositional settings within the range of freshwater
lacustrine, brackish lacustrine and river-margin
to lake-margin. Most of the studied samples,
therefore, were deposited in or close to shallow
open water. Exceptions are samples from 218.00
m, 274.00 m and 278.50 m which contain reduced
(or no) open water forms: these were deposited in
settings within the alluvial plain.
Micropalaeontology
Five samples from the Kirmaky Suite were
studied for their calcareous microfossil content.
Microfossil recovery was generally poor, but a
sample from 171.00 m yielded significant numbers
of calcareous benthonic foraminifera including
species of Elphidium and Ammonia. There is also
significant (Paleogene) reworking in this sample.
The presumed in situ foraminifera in this sample
support the interpretation of brackish lacustrine
conditions.
4.4.5. Post-Kirmaky Sand (NKP) Suite, Kirmaky
Valley
Stratigraphy and Sedimentology
The NKP is a sand dominated unit that is ca. 3540 m in thickness at outcrop in the Kirmaky Valley
according to Hinds et al. (2004). They describe a
clear, erosive base to the NKP which is overlain by
a thin conglomeratic lag deposit containing lithic,
igneous and carbonate clasts. Sands are predominantly medium to fine-grained with localised scour
surfaces filled with coarse sand and granule grade
sediments. The interval comprises of amalgamated, fining-upward channelised sandstones, each
between 2 and 4 m in thickness. Planar bedding,
trough cross-bedding and convolute lamination all
occur. Intra-formational mud clast conglomerates
are common at the channel bases and thin, laterally continuous mudstones, including black plastic
clays, are preserved at a few channel tops.
Hinds et al. (2004) interpret the NKP at this locality
as a major, high energy, low sinuosity fluvial
sheetsand, whereas Reynolds et al. (1998) infer a
fluvially dominated delta front setting in a section

that is ‘around 150 m thick at outcrop’. From the
difference in thicknesses inferred, it is likely that
the NKP described by Reynolds et al. (1998)
incorporates the upper, sand-prone part of the KS
as interpreted by Hinds et al. (2004). This difference
in stratigraphic assignment may partially account
for the variations in deposition (i.e. fluvial or deltaic)
inferred by these two authors.
Palynology
Three samples were studied, all of which were
taken from clay or silt interbeds, and all contain
good palynomorph recovery. Pollen and spores are
the dominant types, with Taxodiaceae, Pinus and
Amaranthaceae the most frequent. Sample 294.00
m falls within Assemblage 2B due to the increased
presence of algae (Pediastrum), sample 307.50
m plots within Assemblage 2C (increased fungal
bodies) and sample 321.00 m is assigned within
Assemblage 2A due to the very high numbers of
Taxodiaceae pollen.
Sample 294.00 m most probably represents an
overbank, flood plain freshwater deposit whereas
sample 307.50 m suggests drier flood plain
conditions. Sample 321.00 m may be from a
riverside levee or lake-margin setting supporting
seasonal swamp forest; minor lacustrine influence
is indicated by the presence of the dinocyst
Galeacysta etrusca.
4.4.6. Post-Kirmaky Clay (NKG) Suite, Kirmaky
Valley
Stratigraphy and Sedimentology
Hinds et al. (2004) describe the NKG at Kirmaky
Valley as between 30 and 35 m in thickness and
made up of structure-less, dark brown, reddishbrown, and grey silt, with thin interbeds of black
plastic clays and thin (<0.5 m) climbing ripple
laminated sandstones. Sand-filled desiccation
cracks and mottled mudstones also occur. Scours
are filled with coarse and very coarse sand, and
small intra-formational mud clasts line the bases of
some sandstone beds.
The NKG mudstones are interpreted by Hinds et
al. (2004) as periodically desiccated flood plain
deposits, possibly with rapidly alternating episodes
of flooding and emergence. They interpret the NKG
coarse sandstones as poorly channelised floodrelated incursions onto the flood plain, and the thin,
laterally continuous sands as sheetflood or crevasse
splay deposits. Reynolds et al. (1998) invoke a
distal delta front setting within a ‘shallow marine’
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(brackish lacustrine) environment.
Palynology
Ten samples were studied for palynology. Nine
of these (interval 333.50 m to 357.00 m) contain
abundant Mesozoic pollen (mainly Classopollis)
and reworked spores, as well as fairly common
dinocysts. The latter are typically open marine (i.e.
oceanic) taxa and are interpreted as reworked. Low
to moderate numbers of brackish water dinocysts
(e.g. Pyxidinopsis psilata, Caspidinium rugosum
and Impagidinium caspienense) also occur which
may be in situ or alternatively may be reworked
from the KS or ‘Pontian Beds’. These samples all fall
within Assemblage 4 due to the high proportion
of reworked taxa present. A sample taken from
330.00 m contains an assemblage with frequent
Taxodiaceae pollen (Assemblage 2A), very similar
to that seen within the uppermost part of the
underlying NKP suite. This suggests that the NKP to
NKG transition at the Kirmaky locality is a gradual
rather than an abrupt facies change. The NKG
represents the final stage of Lower Productive
Series (LPS) deposition and can be best interpreted
as the gradual drawdown of the LPS fluviolacustrine regime, leading to deposition of terminal
splays and a basinward migration of lacustrine
facies.

Due to its coarse nature, only one sample (420.00
m) was analysed from this unit for palynology,
taken from a thin siltstone layer. This sample
yielded counts in excess of 200 specimens, and
is dominated by pollen taxa, making up about
75% of the total palynoflora. The most frequent
types are Pinus (29%), Taxodiaceae (13%) and
Amaranthaceae (13%), with the sample being
assigned within Assemblage 5. A single brackish
dinocyst (Caspidinium rugosum) was recorded.
Freshwater algae and fungal bodies are present
rarely, and reworked taxa also occur, but are not
especially common.
Pinus and Taxodiaceae pollen are readily
transported both by wind and water, so this pollen
component is probably a regional rather than local
signal. Other tree pollen types include Quercus,
Tsuga, Carya, Liquidambar and Pterocarya which
suggest a warm and relatively humid climate. The
local pollen component is likely to be made up
mainly of NAP, e.g. Amaranthaceae, suggesting
proximity to evaporitic ponds and/or salt-marsh
vegetation within a predominantly fluvial flood
plain depositional setting.
4.4.8. Balakhany Suite, Kirmaky and Yasamal
Valley

Micropalaeontology

Stratigraphy and Sedimentology

Two samples, from 334.50 m and 336.00 m, were
studied for calcareous microfossils. The latter
contained single occurrences of the calcareous
benthonics Elphidium/Elphidiella, Ammonia and
Cibicides, together with low numbers of reworked
Paleogene planktonics. The former contains significant numbers of calcareous benthonics, including
Elphidium/Elphidiella (common), Nonion/Nonionella (rare) and Parrellina (present). Positively reworked
taxa also occur. If in situ, the calcareous benthonics
would indicate brackish lacustrine conditions, although it is possible that they are reworked from
the marine-influenced ‘Pontian’.

The Balakhany Suite is widely deposited across
onshore Azerbaijan (Hinds et al. 2004) and extends
offshore into the South Caspian Basin (Abdullayev
et al. 2012). The sub-units X to V are essentially
lithologically defined but are still widely used for
correlation, although they are not accurately timeconstrained. Sedimentological descriptions for the
Balakhany intervals at Kirmaky and Yasamal are
given by Hinds et al. (2004).

4.4.7. Pereryv-Fasila Suite, Kirmaky Valley
Stratigraphy and Sedimentology
The Pereryv Suite is dominantly sandstone rich
(making it a key reservoir interval) and widely
regarded as a fluvial deposit (Reynolds et al. 1998;
Hinds et al. 2004, 2007). It has a thickness of ca. 95
m in outcrop at Kirmaky. Detailed sedimentological
descriptions and interpretations are presented by
Hinds et al. (2007).
Palynology

Palynology
Samples from the Balakhany X and Balakhany
IX intervals were studied from the Kirmaky and
Yasamal Valley localities. Kirmaky sample 464.50 m
is from a claystone interbed within the Balakhany X
and contains an assemblage similar to that found in
the Pereryv-Fasila, with pollen accounting for about
70% of the palynoflora. The main taxa are Pinus
(27%), Taxodiaceae (17%) and Amaranthaceae (5%).
Warm (to cool) temperate tree pollen also occur
and show a slight increase and the assemblage
overall also falls within Assemblage 5. Kirmaky
sample 494.00 m, from a mud clast at a channel
base within the Balakhany X, has a lower diversity
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assemblage and is assigned within Assemblage
2D due to the common presence of brackish-saline
algae, notably Pterospermella. This assemblage
points to a flood plain setting with (probably)
hypersaline lakes or ponds, which has been
reworked into mud clasts within the overlying fluvial
channel sands. A single sample (1.00 m) from the
Balakhany X at Yasamal yielded a large reworked
assemblage attributed to Assemblage 4, indicative
of an alluvial plain, terminal splay or similar setting.
Almost identical assemblages, dominated by
reworking, occur in samples 541.00 m, 548.50 m
and 553.00 m at the top of the studied section
at Kirmaky and in samples 11.00 m, 18.50 m and
31.50 m at the base of the studied section at
Yasamal. These are assigned as Assemblage 4 and
attributed to the base of the Balakhany IX.
The Balakhany Suite, with its component
reservoir intervals, is well exposed at Yasamal
Valley where subunits X, IX, VIII, VII, VI and V
have been sampled and studied for palynology.
Most of the 48 samples studied yielded good
palynological assemblages with counts in excess
of 200 specimens, although several have lesser
recovery due to lithology and/or possibly subaerial
exposure. Twenty-one samples are assigned within
Assemblage 4 (frequent reworked Classopollis),
ten within Assemblage 1 (frequent Pinus), six within
Assemblage 2E (reduced recovery), five within
Assemblage 2C (frequent Amaranthaceae), four
within Assemblage 2A (frequent Taxodiaceae),
and one each within Assemblage 2B (frequent
freshwater-brackish algae) and Assemblage 5
(frequent reworked spores etc.).
Figure 4.10 records a 15 m section of Balakhany
IX which was studied in detail to laterally assess
the sandstone geometries as well as to sample
at higher resolution for palynological analysis. As
observed at Kirmaky in the lower Balakhany, the
most frequent tree pollen (AP) types are Pinus and
Taxodiaceae, whereas non-tree pollen (NAP) types
such as Amaranthaceae, Poaceae and Asteraceae
are well represented. Reworked taxa, especially
Classopollis (Assemblage 4), are common or
abundant in every sample. Freshwater to brackish
algae are also frequent and include Pediastrum,
Botryococcus, Pterospermella and Tasmanites.
The assemblages overall are mostly indicative of
fluvial, alluvial and flood plain conditions which
is supported by sedimentological observations
of channelised sandstones and interbedded
heterolithics. Sample YV-L (57.00 m) is from a
laterally continuous mudstone and contains
high numbers of freshwater algae. Whilst this

is a candidate for a lacustrine flooding event,
the sample contains no brackish dinocysts and
is therefore likely to be part of an overbank,
freshwater flood plain deposit. Conversely,
brackish dinocysts occur sporadically throughout
this interval and suggest that minor Caspian
Lake incursions onto the flood plain did occur. A
similar overall pattern in the palynological results
is visible in the samples studied from the overlying
Balakhany VIII to V sub-units, with deposition
largely taking place within fluvial channels and
the associated flood plain and alluvial plain, as
overbank deposits and in flood plain lakes and
ponds.
Micropalaeontology
Sixteen samples were studied for calcareous
microfossils, most from the Yasamal succession.
Some intervals from the Balakhany IX, VI and
V contain fairly rich microfaunal assemblages,
although these are made up primarily of reworked
taxa, with Paleogene planktonic foraminifera the
most frequent. Potentially in situ taxa are calcareous
benthonic foraminifera such as undifferentiated
species of Nonion, Cribroelphidium, Ammonia and
Cibicides. Whilst these may also be reworked, they
could be part of an in situ brackish lacustrine fauna,
similar to that occurring in the Caspian Sea at the
present time (Yanko-Hombach, 2014)
4.4.9. Sabunchi Suite, Yasamal Valley
Stratigraphy and Sedimentology
Hinds et al. (2004) suggested that the Sabunchi
Suite at Yasamal consists of fluvial sandstones
encased in mudstones, the majority of which
are overbank, but some of which may have
been derived from Caspian lake transgressions.
Reynolds et al. (1998) postulated that parts of the
Sabunchi Suite might represent distal delta front
deposits with sands deposited by hyperpycnal
underflows.
Palynology
Of the 20 samples studied for palynology, 13
yielded counts of more than 200 specimens
and seven between 100 and 200 specimens.
Five samples fall within Assemblage 4 (frequent
reworked Classopollis), four within Assemblage
2C (frequent Amaranthaceae / fungal bodies),
three within Assemblage 2B (frequent freshwaterbrackish algae), three within Assemblage 1
(frequent Pinus), three within Assemblage 5
(frequent mixed reworking) and two within

Figure 4.10
Distribution and geometry of sediments within a 15 m measured section in the Balakhany IX at the Yasamal Valley. The left panels show the palynological
assemblage assignments from mudstone units which are used to interpret depositional environments.
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Assemblage 2A (frequent Taxodiaceae). In
general terms, the assemblages obtained from
the Sabunchi Suite at Yasamal are similar to those
found in the Balakhany Suite. Minor differences,
however, do occur. The Sabunchi pollen floras
show increased numbers of Ulmus pollen, which is
likely to be derived from dry woodland. Similarly,
numbers of some NAP taxa such as Artemisia and
Poaceae are also increased. Algae are also well
represented including Pediastrum, Botryococcus,
Pterospermella and Tasmanites. Brackish dinocysts
do occur but only rarely, except in samples 333.00
m and 385.50 m where a minor increases in
Caspidinium rugosum, Pyxidinopsis psilata and
various Spiniferites occur.
The predominance of reworked palynomorphs
(i.e. Assemblages 4 and 5) is a good indication
that deposition within the Sabunchi Suite at this
locality occurred primarily within a fluvial regime.
The algal populations include locally frequent
Pediastrum which suggests some similarity with the
‘Delta Front’ palynofacies described by Richards et
al. (2014). The association, however, with common
Botryococcus, Tasmanites and Pterospermella
suggest that these were deposited in freshwater,
brackish and possibly saline lakes on the flood
plain. Minor lacustrine (Caspian Lake) incursions
are suggested by the minor pulses of brackish
dinocysts. A precise interpretation of palaeoclimate
is not possible, although the increased proportions
of dry woodland pollen (e.g. Ulmus) and NAP
suggests a shift to more drier, more seasonal
conditions supporting mainly steppe vegetation in
the region.
Micropalaeontology
Of the four samples studied for calcareous
microfossils, all were relatively poor, yield mainly
reworked foraminifera and very rare possibly in situ
calcareous benthonics.
4.4.10. Surakhany Suite, Lokbatan and
Babazanan
Details of the sedimentology and palynology of
the Surakhany Suite are published by Vincent et al.
(2010) and presented in Chapter 5 of this thesis.
4.4.11. Gobustan Area, Productive Series
Stratigraphy and Sedimentology
The uppermost equivalents of the Productive Series
are believed to be exposed at Aktapa Bridge and

Gaylar, to the west of the Apsheron area and to
the north of the Kura Basin. Petrographically these
sections indicate derivation from the palaeo-Kura
system, although Gaylar may also have a significant
contribution from a Greater Caucasus source.
Palynology
Four samples were studied for palynology from
Aktapa Bridge, three of which yielded good
counts in excess of 200 specimens. These have
not been examined statistically but are most
similar to Assemblage 4 (frequent reworking) and
Assemblage 2D (frequent brackish-saline algae),
indicating fluvial flood plain and brackish to saline
lake or pond environments. Two samples were
studied from Gaylar that have relatively poor
specimen counts (33-114), but can both also be
assigned to Assemblage 2D, indicating deposition
in ephemeral ponds or lakes on a fluvial flood plain.
A set of 28 samples has also been studied for
palynology from the Jeirankechmez locality in
Gobustan. These data are currently being evaluated
but recovery of palynomorphs is mostly poor. Tree
pollen is infrequent except for isolated peaks of
Pinus, Betula, Quercus and Ulmus. Taxodiaceae
pollen is virtually absent. The most common
elements are NAP such as Poaceae, Asteraceae,
and algae such as Botryococcus, Pediastrum,
Pterospermella and Tasmanites. Reworked
elements are also present. The same samples were
also analysed for microfauna but yielded only
rare specimens of non-diagnostic ostracods. The
reasons for the poor recovery of palynoflora and
microfauna are not yet clear, but are likely to be
linked to sediment provenance and proximity to
the main river systems: the Jeirankechmez locality
is between the main axes of the Kura and Volga
palaeo-rivers.
4.4.12. Akchagyl Series
A detailed account of the Akchagyl Series (and
overlying Apsheron Series) is given in Chapter
7 of this thesis, based around a study at the
Jeirankechmez locality. The base of the Akchagyl
Series, the unit that directly overlies the Productive
Series, was also sampled for palynology at
Lokbatan on the Apsheron Peninsula and at
Babazanan in the Kura Basin. Several samples from
the Akchagyl Series were studied for calcareous
microfossils. One sample, LOK 2, yielded superabundant Cassidulina reniforme-obtusa, calcareous
benthonic foraminifera indicative of cool water
conditions, in association with Cibicides lobatulus,
Nonion, bivalve shells, ostracods and a few
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reworked specimens. The sudden influx of these
foraminifera and marine dinocysts confirms the
notion (e.g. Jones and Simmons, 1996) that the
Akchagyl Series represents a major transgression
and the re-establishment of links between the
Caspian Sea and the world’s oceans. Results
obtained are being evaluated in relation to the
larger Jeirankechmez study (see Chapter 7) and in
the light of more detailed work currently ongoing
at Lokbatan (Hoyle et al. 2017).

5. Conclusions
In a study of outcrop samples from Azerbaijan,
the late Miocene ‘Pontian’ has palynological
evidence (frequent long-spined Lingulodinium
machaerophorum) for a marine flood, which is
probably more or less equivalent to the flooding
event at the base of the ‘Pontian’, dated to ca. 6.12
Ma by van Baak et al. (2016). Overlying ‘Pontian’
sediments contain brackish lacustrine palynofloras.
Abundant Tasmanites (or a related algal form)
present towards the end of the ‘Pontian’ is a
possible indication of a drying climatic episode that
could be coincident with the MSC but is not direct
evidence for a significant base level reduction
during the Messinian.
The Kalin Suite (KaS), the basal unit of the
Productive Series, is not present in outcrop and is
only known from offshore areas of the western and
central Caspian Sea. Limited palynological data
point to a seasonally warm and wet / dry climatic
signal and fluvio-deltaic to brackish lacustrine
deposition. The Kirmaky Suite (KS) was studied
largely by means of palynological analysis of the
mudstones which encase the dominant sandstone
lithologies. A wide variety of palynological
assemblages were identified and constrained
by multi-variate statistical methods. These show
considerable variation within depositional settings
including fluvial (as interpreted by Hinds et al.
2004) and deltaic-lacustrine (as interpreted by
Reynolds et al. 1998). The dominant depositional
regime, however, is interpreted as fluvial,
with mudstones and siltstones in most cases
representing lacustrine flooding events. The end
of Lower Productive Series (LPS) deposition is
recorded in the NKP sand and NKG clay, the latter
representing the gradual drawdown of the LPS
fluvio-lacustrine regime and a basinward migration
of lacustrine facies.
Upper Productive Series (UPS) sediments are
represented by the Pereryv-Fasila Suite, Balakhany

Suite, Sabunchi Suite and Surakhany Suite. The
Pereryv-Fasila and Balakhany Suites at the Yasamal
locality are composed mainly of sands with lesser
clay and siltstone interbeds. Palynofloras from the
fine-grained sediments are indicative of deposition
mostly within fluvial and/or alluvial settings with
evidence suggesting the presence of terminal
splays, and flood plain lakes and ponds. Minor
brackish lacustrine (i.e. Caspian Lake) incursions are
suggested by the sporadic presence of brackish
dinocysts and, if in situ, rare calcareous benthonic
foraminifera. Claystones become more frequent
in the Sabunchi Suite and these were deposited
mainly in freshwater to saline flood plain lakes.
UPS deposition ended with deposition of the
predominantly sand Surakhany Suite, which is
overlain by the marine-influenced Akchagyl Series,
which spans the Plio-Pleistocene boundary.
Deposition within this enclosed, low relief basin is
likely to have been strongly influenced by changes
in climate and discharge from the Volga and Kura
Rivers, which combine to influence Caspian lake
level and the types of sediments that are preserved
(i.e. sands, silts and clays). Milankovitch cyclicity has
also been cited as exerting a strong control over
the sedimentation of the PS but this remains largely
unproven. There is, however, a suggestion of
cyclical deposition evident from the palynological
assemblages from the Kirmaky Suite. These ‘cycles’
recur over intervals of ca. 80 to 100 m. They are
marked at the base by increased freshwater algae
(Assemblage 2B) and then by beds with increased
numbers of brackish dinocysts (Assemblage 3)
and/or Taxodiaceae pollen (Assemblage 2A).
These assemblages are broadly transgressive and
indicative of a warm and seasonally humid climate,
leading to rising Caspian lake levels. The latter
parts of each ‘cycle’ are characterised by increased
numbers of reworked palynomorphs (Assemblage
4) and by increased numbers of salt-marsh and
alluvial plain indicators (Assemblage 2C). This stage
could be indicative of an increasingly seasonally
dry climate and is consistent with falling Caspian
lake levels. Interpretation is limited by sample
coverage and further investigation is required.
However, based on cumulative sediment thickness
for the PS (ca. 1700 m in the studied outcrops)
and the overall duration of PS deposition (ca. 2.6
million years), it is certainly possible that 100 ka
orbital eccentricity cycles are represented in the PS
records.
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Abstract
The South Caspian Basin contains major hydrocarbon reservoirs within the largely early Pliocene
Productive Series. This paper describes and contrasts outcrops of the uppermost ~500 m of the series
(the Surakhany Suite) deposited by two of the main fluvial systems that supplied the Azeri margin of
the basin. Sedimentary facies and, for the first time from the Productive Series, palynological analyses
document fluvial channel belt complexes, sheetflood overbank and flood plain to flood plain lake
environments. The Productive Series on the Apsheron Peninsula, Azerbaijan, was supplied predominantly
from the north by the palaeo-Volga river system. It displays an overall fining-upward trend, such that the
Surakhany Suite at Lokbatan is dominated by mudstone. Siltstone and coarser-grained sediments make
up 28% of the section. Channel bodies are on average 1.5 m thick and form 13% of the succession. In
the sub-surface of the Apsheron Peninsula, ratty wireline log responses also indicate that siltstone and
sandstone bodies are predominantly thin bedded, with SP-derived net-to-gross sand ratios of ~0.350.40. The succession in the Kura Basin was sourced predominantly from the west by the palaeo-Kura
river system. It displays a coarsening-upward trend, such that in the middle and upper Surakhany Suite at
Babazanan, siltstone and coarser sediments make up 52% of the section. It is characterised by numerous
stacked and laterally continuous channel sandstone bodies that are on average 5.8 m thick and comprise
42% of the outcrop. In the sub-surface of the Kura Basin, wireline log responses of the Surakhany Suite
have a blocky character and indicate SP-derived net-to-gross sand ratios of 0.26-0.38. These values are
similar to calculated sandstone volumes at outcrop (44%). The palynological data, including multivariate
analyses, show that the main controls on palynomorph distribution are the degree of fluvial or lacustrine
influence, subaerial exposure and salinity. Despite their more lithic nature, Surakhany Suite sandstones
derived from the palaeo-Kura river system along the Kurovdag-Babazanan-Neftchala trend have similar or
better petrophysical properties than those derived from the palaeo-Volga river system on the Apsheron
Peninsula and its offshore continuation. This is probably due to their coarser-grain size. This, combined
with their greater sandstone body thickness, would suggest that the axis of the Kura Basin forms the most
promising part of the Azeri sector of the South Caspian Basin for exploration within the uppermost part of
the Productive Series.
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5.1. Introduction
Hydrocarbon exploration in the South Caspian
Basin (Figure 5.1) has been ongoing for over
160 years with the first oil exploration well drilled
in 1848 (Narimanov and Palaz, 1995). The main
reservoir units are found within the largely early
Pliocene Productive Series. Onset of Productive
Series deposition is believed to be the result of
a dramatic drop in base-level (of between 600
and 1500 m), most likely triggered by the late
Messinian isolation of the Mediterranean (Kvasov,
1983; Reynolds et al. 1998). Incision of surrounding
fluvial systems and an increase in sediment supply
to the newly isolated Caspian lake resulted in the
accumulation of up to 7 km of Productive Series
sediment (Ali-Zadeh et al. 1985; Green et al. 2009)
over an interval of ~2.5 Ma (Abreu and Nummedal,
2007; Chumakov et al. 1988; Jones and Simmons,
1996; Figure 5.2). The palaeo-Volga river system,
for instance, was incised by up to 600 m in places
with the incision being traced almost 2000 km up
its course (Kroonenberg et al. 2005).
A limited number of papers have been written
on the sedimentology of the Productive Series.
Reynolds et al. (1998) described the first modern
process-based interpretation of the unit, which,
at that time, was considered to represent the
repeated juxtaposition of proximal and distal
fluvio-deltaic environments, principally in response
to high frequency base-level fluctuations. Hinds
et al. (2004) reinterpreted the Productive Series
on the Apsheron Peninsula as being deposited in
more fluvially-dominated settings and proposed
a hinterland climatic control on sediment supply
and therefore lake level. Subsequent case studies
have focused on reservoir quality within the Lower
Productive Series (Aliyeva, 2005; Hinds et al. 2007).
Heavy mineral analysis and zircon age dating of
these sediments (Allen et al. 2006; Morton et al.
2003), as well as further unpublished heavy mineral
analysis and petrography, provide a clear indication
as to the provenance of particular sandstones.
This allows sandstones at the basin’s margins to be
attributed to deposition by particular palaeo-fluvial
systems. The aim of this paper is to document
the variations in sedimentary architecture,
palynological content and depositional setting
between two of the known palaeo-fluvial systems
that entered the basin; the palaeo-Volga and
palaeo-Kura river systems. These are described
from outcrops of the uppermost part of the
Productive Series, within the Surakhany Suite,
around the western margin of the South Caspian
Basin; from Lokbatan on the Apsheron Peninsula

and Babazanan in the Kura Basin, respectively
(Figure 5.1).
The two systems had different catchment areas
in different tectonic settings and climatic zones,
and as a result display marked differences in their
reservoir quality and connectivity. Uplift of the
sediments deposited by these systems during
ongoing compressional deformation has resulted
in the formation of anticlinal hydrocarbon traps as
well as the surface exposures documented in this
study.
While the Surakhany Suite does not form the main
reservoir component for the majority of currently
exploited hydrocarbon fields in the south Caspian,
numerous productive zones within the suite
were encountered in fields such as Surakhany,
Balakhany-Sabunchi-Ramana, Bibiheybet,
Mishovdag, Garabagly, Neftchala and Kursanga
during Soviet era exploration (Figure 5.1).
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of proximal and distal ﬂuvio-deltaic environments, principally in

Fig. 2. Strati
South Caspia
in parenthesi
based on we

Productive
margin of
Peninsula
The two sy
settings an
ences in
sediments
sional def
hydrocarb
this study

116 | Chapter 5

For example, nine oil-bearing zones were identified
in the Surakhany field on the Apsheron Peninsula,
whilst five zones over an interval of ~500 m were
identified in the Kurovdag field in the Kura Basin
(Ali-Zadeh et al. 1966; Figure 5.3). Most of these
fields are now depleted or water flooded. In
order to address the likelihood of developing
future exploration potential in a Surakhany Suite
hydrocarbon play, knowledge of the extent of
this Pliocene depositional interval regionally in
Azerbaijan is needed. This will enable lateral
facies changes from an overall sealing facies for
the Productive Series to isolated fluvial channel
belt reservoirs with intra-formational seals to be
evaluated.
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5.2. Geological setting
5.2.1. Structure
The South Caspian Basin lies within the
compressional, Cenozoic, Alpine-Himalayan
orogenic belt and has a basement with geophysical
properties similar to either unusually thick oceanic
crust or thinned high velocity continental crust
(Mangino and Priestley, 1998; Priestley et al. 1994).
It contains 20-25 km of sediment (Knapp et al.
2004). The basin probably formed by backarc
spreading, related to the subduction of Neotethyan
oceanic crust under Southern Eurasia (Brunet et al.
2003). The age and origin of the basement are in
dispute with most published models suggesting
original spreading ages between the Jurassic and
Paleogene (see Brunet et al. 2003, and references
therein). A Jurassic age is most widely cited (e.g.
Brunet et al. 2003; Fürsich et al. 2009; Golonka,
2004). Vincent et al. (2005) recognised an important
regional middle Eocene rifting event that may
have also affected the southern part of the basin.
Compressional deformation around the margins
of the basin from the late Eocene-early Oligocene
onwards may be driven by the initial collision of
Arabia with Eurasia (Allen and Armstrong, 2008;
Brunet et al. 2003; Vincent et al. 2005, 2007). The
South Caspian basement is in the initial stages of
subduction under its northern margin (Granath et
al. 2007; Jackson et al. 2002; Knapp et al. 2004;
Priestley et al. 1994) and is overthrust from all other
margins (Allen et al. 2003). A marked acceleration
in basin subsidence at ca. 5.5 Ma may have been
caused by the onset of this basement subduction
(Allen et al. 2002). Folding migrated into the basin
interior towards the end of Productive Series
deposition, but is more pronounced in overlying
strata (Abreu and Nummedal, 2007; Aliev, 1960;
Allen et al. 2003; Devlin et al. 1999).
5.2.2. Stratigraphy and age dating
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Jones and Simmons (1996) and, in parenthesis, Abreu
and Nummedal (2007). Cumulative stratigraphic
thicknesses are based on well data from the Bakhar
Productive Series, within the Surakhany Suite, around the western
field (located on Figure 5.1; Narimanov et al. 1998).
margin of the South Caspian Basin; from Lokbatan on the Apsheron
Peninsula and Babazanan in the Kura Basin, respectively (Fig. 1).
The two systems had different catchment areas in different tectonic
settings and climatic zones, and as a result display marked differences in their reservoir quality and connectivity. Uplift of the
sediments deposited by these systems during ongoing compressional deformation has resulted in the formation of anticlinal
hydrocarbon traps as well as the surface exposures documented in
this study.
While the Surakhany Suite does not form the main reservoir
component for the majority of currently exploited hydrocarbon
ﬁelds in the South Caspian, numerous productive zones within the
suite were encountered in ﬁelds such as Surakhany, BalakhanySabunchi-Ramana, Bibiheybet, Mishovdag, Garabagly, Neftchala
and Kursanga during Soviet era exploration (Fig. 1). For example, 9
oil-bearing zones were identiﬁed in the Surakhany ﬁeld on the

The Productive Series is divided up into eight suites
based on gross lithological characteristics (Figure
5.2): Pre-Kirmaky, Kirmaky, Post-Kirmaky Sand, PostKirmaky Clay, Pereryv (Fasila), Balakhany, Sabunchi
and Surakhany (Uskin, 1916). The Balakhany Suite is
further sub-divided into six lithologically defined
sub-units. Units and sub-units can be correlated
regionally on wireline logs and have distinct
palynological signatures. The Pre-Kirmaky to
Post-Kirmaky Clay suites are defined as the Lower
Productive Series, with the Pereryv and overlying
suites defined as the Upper Productive Series.
Upper Productive Series facies become increasingly
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Fig. 3. Schematic cross sections through the Surakhany (Apsheron Peninsula) and Kurovdag (Kura Basin) oil ﬁelds, Azerbaijan, illustrating the presence of oil accumulations in the
Figure
5.3. Schematic cross-sections through the Surakhany (Apsheron Peninsula) and Kurovdag (Kura Basin) oil
uppermost Productive Series (Surakhany Suite). From Ali-Zadeh et al. (1966). Fields are located on Figure 1.
fields, Azerbaijan, illustrating the presence of oil accumulations in the uppermost Productive Series (Surakhany
Suite). From Ali-Zadeh et al. (1966). Fields are located on Figure 5.1.
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At Babazanan
was predominantly
a mixed
observations
intodeposition
pre-existing
schemes. from
Sediments
bedload ﬂuvial system with common amalgamated channelised
at Lokbatan record deposition from a mixed
bedload to suspended load fluvial system in a
muddy alluvial flood plain setting. At Babazanan
deposition was predominantly from a mixed
bedload fluvial system with common amalgamated
channelised sandstones and interbedded alluvial
flood plain deposits. Channel body dimensional
4. Sedimentary facies and facies associations

Fig. 4. Representative well log traces through the Surakhany Suite on the Apsheron
Peninsula and Kura Basin, Azerbaijan. Fields are located on Figure 1.

Figure 5.4. Representative well log traces through the
Surakhany Suite on the Apsheron Peninsula and Kura
Basin, Azerbaijan. Fields are located on Figure 5.1.
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Figure 5.5. Detailed lithological
logs and depositional
environment interpretations of
the Surakhany Suite from (a)
Lokbatan, Apsheron Peninsula
and (b) Babazanan, Kura Basin.
Palynological sample positions
are marked and, where assigned,
their assemblage group
indicated (see Figure 5.12 and
Table 5.3). The sections can be
tied at the base of the overlying
transgressive Akchagylian marine
mudstones. Note that thickness
values relate to the height of
section above its base (cf. Figure
5.4). Channel body dimensional
data are provided in Table 5.2.
The sections are located on
Figure 5.1.

Fig. 5. Detailed lithological logs and depositional environment interpretations of the Surakhany Suite from (a) Lokbatan, Apsheron Peninsula and (b) Babazanan, Kura Basin.
Palynological sample positions are marked and, where assigned, their assemblage group indicated (see Fig. 12 and Table A1). The sections can be tied at the base of the overlying
transgressive Akchagylian marine mudstones. Note that thickness values relate to the height of section above its base (cf. Fig. 4). Channel body dimensional data are provided in
Table 2. The sections are located on Figure 1.
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the base of some fine-grained sandstone beds
record palaeo-flow to the east or south to southwest. Although a number of low relief erosional
surfaces were recorded, only two channel
margins were observed, being on average 2.8
m deep and 17 m wide (Figure 5.5a; Table 5.2).

Figure 5.6. Mapped panel of the Surakhany Suite at Babazanan, Kura Basin, Azerbaijan (85-98 m; Figure 5.5b). The panel shows lateral variations in lithology due to channel incision and
Fig.
6. Mapped
of thethe
Surakhany
Suite at Babazanan,
Kura the
Basin,
Azerbaijan (85e98
m; Fig.
5b). The
panelbelt
shows
lateral
lithology
stacking
and alsopanel
highlights
likely permeability
contrasts across
sedimentological
contacts.
A similar
channel
complex
is variations
pictured inin
Figure
5.8b.due to channel incision and
stacking and also highlights the likely permeability contrasts across the sedimentological contacts. A similar channel belt complex is pictured in Figure 8b.

5.4.1. Lokbatan facies association

mudstone rip-up clasts occur at the base of channel

No evidence was observed for lateral channel

upwards trend on a scale of 4e5 m (e.g. 53e57
m along
in Fig.
5a).internal
Mud-surfaces.
gypsum
(FA-Di).
These
suggest
thatpackages
deposition occurred
fills and
some
Channelhorizons
migration.
Where
fluvial
silt and sand
Fluvial channel
associations (FA-A
& B)
bodies areare
typically
composed
very are
stackedof
(FA-B;
Figure
internal surfaces
ﬁlled
verticalfacies
to subvertical
Skolithos-type
burrows
present,
as of siltstone
withinand
standing
bodies
water
as 5.9b),
the crevasse
splays prograded
Fluvial channel facies are poorly developed in
fine- to fine-grained sandstone. They are massive
display minimal relief (e.g. at 28-32 m in Figure
are
reduced mottles and rootlet traces within
reddened siltstones.
into and ﬁlled ponds
on the ﬂood plain. Examples of crevasse splays
the Surakhany Suite at Lokbatan (Figure 5.5a);
to cross stratified with ripple cross lamination
5.5a). These stacked sandstone bodies are laterally
In
this
activity
completely
obliterates
evidence
of The channel
prograding
standingforbodies
of water
been
theyplaces
make up
13%biogenic
of the succession
(Table
5.2).
common
in their
upper parts.
bodies intocontinuous
at least 50-80
m (the have
width of
the interpreted
Where developed, the faciesstructures.
typically form isolated often record a fining-upward profilefrom
capped
by Greenexposure).
Palaeo-flow indicators
from
trough and
bedding/sedimentary
the
River Formation,
Wyoming
(Stanley
and Surdam,
lenticular channels (e.g. Figure 5.7b); rarer singlemudstones that indicate deposition from a single
ripple cross-stratification in the Lokbatan section
These deposits are interpreted to result from ﬂow expansion
1978; Surdam and Stanley, 1979).
storey channel belts to multi-storey channel belts
abandoned fluvial event, with the upper parts of
record a variety of flow directions from east to
and/or
of poorly-conﬁned
sheetﬂoods
second type
of coarsening
upwardScoured
trend is
very
also occurdeceleration
(Figure 5.7a). Centimetre-scale
roundedto unconﬁned
the fill colonised
by plants (FA-A; FigureThe
5.9a).
south-east
to south to south-west.
flutes
at similar to
(Abdullatif, 1989; Stear, 1983). Each sheetﬂood may represent
the ﬁrst, but is often interrupted by channel incision (FA-Dii; e.g.
periodic breaching of the channelised ﬂuvial system, due to high
67e72 m in Fig. 5a). The deposits are also often associated with
seasonal ﬂow, or may be the result of periodic (seasonal) ﬂows
desiccation horizons or rooted deposits/palaeosols. In these
within an ephemeral ﬂuvial system. The overall large, metre-scale,
trends, crevasse splay lobe progradation is interpreted to have
occurred onto a subaerial surface (Bridge, 1984; Hinds et al., 2004)
ﬁning-up trends represent the retrogradation of sheetﬂood events

Sheetflood overbank, abandonment facies
association (FA-C)
This facies association is composed of
mudstones interbedded with laterally
continuous sheets of weakly to non-erosive
siltstone to very fine-grained sandstone (Figure
5.9c). These are arranged into 20-40 cm finingupward cycles that comprise parallel laminated
to current ripple laminated very fine-grained
sandstones that become siltier upwards
before passing into mudstones. The sandstone
interbeds decrease in number and display
an overall fining-upwards trend on a scale of
4-5 m (e.g. 53-57 m in Figure 5.5a). Mud-filled
vertical to sub-vertical Skolithos-type burrows
are present, as are reduced mottles and rootlet
traces within reddened siltstones. In places
this biogenic activity completely obliterates
evidence of bedding/sedimentary structures.
These deposits are interpreted to result from
flow expansion and/or deceleration of “poorlyconfined” to unconfined sheetfloods (Abdullatif,
1989; Stear, 1983). Each sheetflood may
represent periodic breaching of the channelised
fluvial system, due to high seasonal flow, or
may be the result of periodic (seasonal) flows
within an ephemeral fluvial system. The overall
large, metre-scale, fining-up trends represent
the retrogradation of sheetflood events due to
either the abandonment of a channel segment
or an individual crevasse splay. Sometimes only
part of this trend is preserved before channel
incision removes the deposits (e.g. 82.5m in
Figure 5.5a).
Sheetflood overbank, progradational facies
association (FA-Di & ii)
This facies association is composed of
mudstone with an upwards increase in siltstone
and sandstone laminations until, commonly,
siltstone to very fine-grained sandstones
dominate (Figure 5.9d). This results in a
coarsening upward trend on the scale of 1-2
m. These cycles are considered to represent
the progradation of overbank, crevasse splay
sheetflood deposits over the flood plain with or
without a change in the position of the channel
belt (Bridge, 1984).

Contrasting Pliocene fluvial depositional systems within the rapidly subsiding South Caspian Basin; | 121
a case study of the palaeo-Volga and palaeo-Kura river systems in the Surakhany Suite, Upper Productive Series,
onshore Azerbaijan

data are contained in Table 5.2.
Two sub-associations are developed. In the first,
the coarsening upward cycles are associated with
very finely laminated mudstones, bioturbation or
the formation of gypsum horizons (FA-Di). These
suggest that deposition occurred within standing
bodies of water as the crevasse splays prograded
into and filled ponds on the flood plain. Examples
of crevasse splays prograding into standing bodies
of water have been interpreted from the Green
River Formation, Wyoming (Stanley and Surdam,
1978; Surdam and Stanley, 1979). The second type
of coarsening upward trend is very similar to the
first, but is often interrupted by channel incision
(FA-Dii; e.g. 67-72 m in Figure 5.5a). The deposits
are also often associated with desiccation horizons
or rooted deposits/palaeosols. In these trends,
crevasse splay lobe progradation is interpreted to
have occurred onto a subaerial surface (Bridge,
1984; Hinds et al. 2004) and was probably fed
by the overlying channel. Analogues for crevasse
splay propagation in a subaerial environment are
numerous, for instance, George and Berry (1993)
documented them from the upper Rotliegendes
of the southern North Sea. They are also well
documented in modern settings such as the
Saskatchewan River, Canada (Pérez-Arlucea and
Smith, 1999; Smith et al. 1989).
Flood plain and flood plain pond/lake facies
association (FAEi-ii)
Outcrops at Lokbatan are dominated by mudstone
facies (Figure 5.5a). Background mudstone
colouration is dominantly olive brown (2.5Y4/3-5/3
to 10YR4/3), although dark greenish grey (10Y4/1),
greyish browns (2.5Y4/2, 10YR4/2), yellowish
browns (2.5Y6/3-4 to 10YR5/6-6/4), brown
(7.5YR5/4-4/3 to 10YR3/3) and reddened horizons
(2.5YR4/3 to 5YR4/3) are also frequently present.
The dominant facies sub-association (FA-Ei; Figure
5.9e) contains pervasive mottling, evidence for
rootlets (Figure 5.7h) and laterally extensive
siltstone to very fine-grained sandstone-filled
desiccation crack horizons (Figure 5.7f). The mottles
and rootlet traces are both oxidised and reduced
to very reduced (green copper colouration).
These facies represent distal overbank flow-fed
deposition from suspension during temporary
flood plain inundation. Desiccation crack formation
resulted from high rates of evaporation during
the drying out of these waterlain sediments (Stear,
1985). The mottles and rootlet traces represent
the subsequent formation of immature palaeosol
horizons (entisols and inceptisols) (Retallack, 1988,
1993). Reduced mottles/rootlet traces may result

from waterlogging or the reduction of iron oxides
and hydroxides by anaerobic bacteria during burial
as they consume organic matter near or below
the water table. The presence of both oxidised
and reduced mottles within the mudstones is
suggestive of a fluctuating water table.
A secondary mudstone-prone flood plain facies
sub-association (FA-Eii) becomes increasingly well
developed in the upper parts of the Lokbatan
section. This is characterised by the presence
of very fine, paper laminations, often with the
complete absence of rootlets or mottles or by the
presence of extensive burrowing (Figure 5.9e(ii)).
The burrows are centimetre-scale in diameter,
vertical to sub-vertical (Figure 5.7g) and may have
a strongly reduced mud fill (e.g. at 277-279 m in
Figure 5.5a). The mudstones are associated with
laterally extensive (1) centimetre-scale siltstone
and very fine-grained sandstone horizons that
occasionally preserve symmetrical (wave) ripples on
their upper surface as well as isolated ripple lenses
(Figure 5.7d), and (2) millimetre to centimetre
thick in situ gypsum horizons that occasionally
display a cumuliform structure (Figure 5.7e). These
facies were deposited in more permanent lakes or
ponds on the flood plain. Bioturbation presence
is controlled by the oxygen levels and hence
water depth and/or water chemistry in the lakes/
ponds. Palynological data provide no evidence
for brackish (i.e. Caspian lake) incursions, such
that the presence of gypsum horizons appears to
result from the evaporative hyper-concentration
of freshwater ponds. Twenty to forty metre thick
evaporate intervals in the uppermost part of the
Surakhany Suite offshore along the Apsheron
trend are likely to result from deposition in a
contemporaneous larger-scale Caspian playa lake
system (Green et al. 2009).

Uni-directional, planar cross-stratiﬁed very
ﬁne to medium-grained sandstone,
with normal grading. Cross-set preserved
thickness 50e100 cm.
Uni-directional, trough cross-stratiﬁed, very
ﬁne to medium-grained sandstone,
with rare pebble grade clay clasts forming
lags. Cross-set preserved thickness
30e360 cm.
Uni-directional current rippled and
cross-laminated, very ﬁne to
medium-grained sandstone.
Ripple amplitudes of 1e2 cm.
Rare climbing and symmetrical ripples.
Parallel bedded, very ﬁne to medium-grained
sandstone. May form amalgamated stacked
units and have erosive, ﬂat to undulating bases.

Sp

St

Sr

Sl

Sm

Fm

Fl

Fr

C

Cl

Trough cross-stratiﬁed
sandstone

Ripple cross-laminated
sandstone

Parallel-laminated
sandstone

Massive sandstone

Massive siltstone

Laminated siltstone

Ripple cross-laminated
siltstone

Mudstone

Laminated
mudstone

Commonly rooted/mottled
and have vertical/subvertical
Skolithos type burrows, gypsum
layers and desiccation cracks.
Rare rootlets/mottles and
vertical/subvertical Skolithos
type burrows. In situ gypsum
layers are present.
Rare rootlets/mottles and
vertical/subvertical
Skolithos type burrows.
Cm scale, vertical to subvertical
(Skolithos) burrows with
reduced mud ﬁll. Rootlets and/or
mottling, desiccation cracks
and occasional in situ gypsum.
Rootlet traces typically display
reddened traces and reduced
halos; reduced and very reduced
traces also occur. Generalised
mottling is both reduced and
oxidised, with the former
being more prevalent.
Relatively undisturbed
sediment with absent to rare
bioturbation/palaeosol
formation, desiccation
cracks and in situ gypsum.

Concentration of
organic/plant matter
deﬁne laminations.
Occasional gypsum in
situ, some remobilised.
Horizontal and
vertical burrows.

Heavy mineral/organic
debris along laminations.

Concentration of organic
debris deﬁnes laminations.

Heavy mineral/organic
debris along foresets.

Fossils/Bioturbation

These mudstones drape Sm, Sp, St,
Sr, and Sl lithofacies.

These mudstones drape and
are interbedded with siltstone
and sandstone facies.

Interbedded within Fl and C, Cl facies.
May cap sandstone facies.

Associated with Fr, Cl and lenses of Sr.

May internally contain preserved Sr,
Sp structures and become more structured
upwards passing into Sl, Sp facies. Often
ﬁnes upward into F, Fl and C.
Associated with Fl, and often as the ﬁner
tops to Sp, Sl, Sr, St, and Sm.

Associated with Sm, vertically
grades into Sr and St.

Occur with Sl, St or Sp sets.

Associated with Sl, Sm and Sr.

Associated with Sr.

Occurrence

Suspension fallout in poorly oxygenated
standing bodies of water unaffected by
later palaeosol processes.

Low energy deposition from suspension
in abandoned channels, from overbank
ﬂow or in ﬂood plain lake/pond settings.
Episodic subaerial exposure and plant
colonisation with immature
palaeosol formation.

Low-moderate energy conditions,
waning channelised or overbank ﬂow.

Fluctuating low-moderate energy
conditions in ﬂows on the ﬂood plain.

Low-moderate energy deposition
in an oxygenated environment
probably on the ﬂood plain.

Bioturbated and dewatered
ﬂuvial channel ﬁlls.

Migration of uni-directional
current ripples in ﬂuvial
channels/overbank ﬂows. Rare
wave reworking of sandstone
facies in standing bodies of water.
Formed in lower and upper stage
bed ﬂow regimes in ﬂuvial channel
and ﬂood plain environments.

Migration of sinuous crested
dunes in ﬂuvial channels.

Migration of straight crested
dunes in ﬂuvial channels.

Interpretation

Fig. 7dee

Fig. 7feh,
8d

Fig. 7d

Fig. 7bec
and 8c
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Table 5.1 Lithofacies identified in outcrops of the Surakhany Suite at the western margin of the South Caspian Basin. The lithofacies codes are extended from
Miall (1977, 1978).

Mudstone with mm-scale parallel
laminations commonly picked out
by mm-thick sandstone
and siltstone laminae/lenses.

Structureless, commonly laterally
continuous. Background mudstone
colouration is dominantly
olive brown (2.5Y4/3-5/3 to 10YR4/3).

Asymmetrical ripples. Rare climbing ripples.

Parallel-laminated siltstone; often mud-rich.

Structureless, very ﬁne to medium-grained
well sorted sandstone. Rare pebble grade
clasts form lags. Typically have erosive,
ﬂat to undulating bases.
Structureless cm-scale siltstone. Beds can have
an erosive base.

Sedimentary structures

Code

Lithofacies

Planar cross-stratiﬁed
sandstone

Table 1
Lithofacies identiﬁed in outcrops of the Surakhany Suite at the western margin of the South Caspian Basin. The lithofacies codes are extended from Miall (1977, 1978).
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Comparison of the ﬂuvial channel sandstone body geometries in the Surakhany Suite from Lokbatan and Babazanan, Azerbaijan.
Lokbatan section; Apsheron Peninsula
Stratigraphic
position (top; m)
8
16
31
32
33
39
41
43
44
61
64
67
72
76
83
88
93
98
110
117
124
127
142
170
183
193
194
207
227
240
257
301
360
367
372
400
413
427
435

Av. (max)
Ch. Body thickness
(% of total)
a

Max sand
body
thickness (m)

Channel
incision
depth (m)

Babazanan section; Kura Basin
Channel
width (m)

Max bar
height (m)

0.4
0.7
4.0
0.9
0.85
0.55
0.65
0.6
4.7
0.65
1.6

0.3
0.25
0.2
0.25

0.2

0.15

2.6

17

2.4
0.95
0.6
0.95
2.1
1.05
1.55

0.5
0.3

0.15
0.25
3.0

2.0
0.9
0.4
0.5
0.7
0.5
0.55
0.9
1.2
0.7
0.35
1.9
4.0
2.5
0.8
7.4
1.7
3.1

1.5 (7.4)
55.3 (12.6)

0.2

0.15
0.7
0.2
0.55
0.5

0.15

0.4
1.3
0.2

0.8 (3.0)

0.2

(17)

Stratigraphic position
(top; m)
7
11
15
32
45
46
51
59
83
89
93
97
117
128
138
142
174
183
192
218
227
239
264
278
284
311
320
328
337
389
402
409
416
422
436
458
474
483
498
510
516
530
546
550
553
557
567

0.2 (0.5)

Max sand
body thickness (m)
7.1
2.9
3.95
8.35
5.6

Channel incision
depth (m)

Channel
width (m)

Max bar
height (m)
2.0

1.2
0.8

1.25
20

2.7
3.0
3.55

3.6
4.7
2.0

10.95
6.45
7.7
3.75
3.55
5.6
7.3
2.4
19.6
6.9
6.9
17.1
4.8
3.2
5.6
4.4
9.7
3.85
2.9
1.65
6.65
2.0
3.45
11.8
4.15
2.1
9.8
4.35
4.4
6.9
5.2
3.95
2.8
3.95
4.6
5.8 (19.6)
244.6 (42.0)

1.8
2.4

2.2
2.9

24

>110a

2.5
3.0

2.3

3.2

1.5
3.2

20
35

1.3
1.9

27

2.9

1.5

2.2 (4.7)

25.2 (35)

1.3
2.4 (3.6)

Interpreted as a channel belt.

Table 5.2. Comparison of the fluvial channel sandstone body geometries in the Surakhany Suite from Lokbatan
4.2.2. Sheetﬂood overbank, abandonment facies association (FA-C)
the progradation of overbank, crevasse splay sheetﬂood deposits
andThis
Babazanan,
Azerbaijan.
facies association is composed of laterally continuous
over the ﬂood plain.
sheets of siltstone to very ﬁne-grained sandstone which form
upward
and thinning
cyclesassociations
on a scale of w8e20 m (Fig. 9c).
5.4.2.ﬁning
Babazanan
facies
The facies are often mottled and/or contain rare rootlet horizons.
Rare coaly laminations and wood fragments are also present. They
Fluvial
channel facies associations (FA-A & B)
were deposited by ﬂow expansion and deceleration of poorlyFluvial
faciesﬂows
are well
developed
in
conﬁnedchannel
to unconﬁned
during
multiple crevasse
splay
sheetﬂood
events
an overbank
setting.
the
middle
andinupper
parts
of the Surakhany

Suite at Babazanan (Figure 5.5b); they make up
42%
of the succession (Table 5.2). Single-storey
4.2.3. Sheetﬂood overbank, progradational facies association
channels
are rare (FA-A; Figure 5.9a) with most
(FA-Dii)
Metre-scale
upward
mudstone
to of
very
ﬁne-grained
of this
faciescoarsening
association
forming
part
multisandstone
cycles
are
rarely
developed
at
Babazanan.
They
represent
storey channel belts or a series of stacked channel
belts (FA-B; Figure 5.9b). Many channel bodies
at Babazanan are composed of planar and crossstratified, fine- to medium-grained sandstones
(Figure 5.6). Grooves may be developed at the
base of channel forms. Centimetre-scale rounded
mudstone rip-up clasts also occur at the base of

4.2.4. Flood plain facies association (FA-Eiii)
Mudstones
Babazanan
massive
to parallel
laminated and
channel
fillsatand
alongare
some
internal
surfaces
contain rare evidence of rootlet and palaeosol horizons and desic(Figure
5.6). The lower part of some channels
cation cracks (Fig. 9e(iii)). Background colouration is typically
consist
of to
massive
to laminated
sandstones,
theMore
7.5YR4/2e3
10YR4/2e3
(brown to dark
greyish brown).
reddened
(e.g.
2.5YR4/2;
dusky red)
and darker
(e.g. 2.5Y4/2e3;
latter
with
primary
current
lineations
indicative
dark
greyish
brownupper
to oliveplane
brown)bed
horizons
areChanges
rare. Rootlets
of
high
velocity
flows.
typically display reddened traces and reduced halos (e.g. Fig. 8d).
from
trough-cross stratification to current-ripple
Both reduced and oxidised mottles occur with the former being
lamination
upwards
provide
evidence
more prevalent.
In addition
to organic
materialfor
in flow
root traces,
occasional woody
remainsof(Fig.
8e) and gastropods
deceleration.
Inplant
a number
multi-storey
bodies are
present.
Gypsum horizons
absent.
at
Babazanan,
highly are
amalgamated
channelised

storeys with inclined stratification pass upwards
into sheet-like parallel laminated beds that may be
capped by ripple-cross lamination or by ribbonto lenticular-shaped mudstone bodies (Figures
5.6 and 5.8b). This upward decrease in channel
amalgamation reflects increasing accommodation
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Fig. 7. Field photographs of the Surakhany Suite at Lokbatan, Apsheron Peninsula, Azerbaijan (with positions on Fig. 5a indicated). a) View of the base of the section, recording the
dominantly muddy appearance of the suite with two stacked channelised sandstone packages (0e65 m). b) Metre-scale, isolated channel ﬁll (72 m). c) Trough cross-bedded ﬁneFigure 5.7. Field photographs of the Surakhany Suite at Lokbatan, Apsheron Peninsula, Azerbaijan (with positions
grained sandstone within an isolated channel body (118 m). d) Centimetre-scale, almost symmetrical ripples in siltstone to very ﬁne-grained sandstone (324 m). e) Cumuliform
Figure
5.5a
indicated).desiccation
a) View cracks
of the
base
section,
recording
the dominantly
muddy
of ﬁlled with
beddedon
gypsum
(338 m).
f) Sandstone-ﬁlled
at the
baseof
of athe
sandstone
unit (52
m). g) Subvertical
to vertical burrows
(143 m).appearance
These traces are often
mudstone.
Vertical
to subvertical
reduced channelised
rootlets in mudstone
(87 m).
theh)suite
with
two stacked
sandstone
packages (0-65 m). b) Metre-scale, isolated channel fill (72

m). c) Trough cross-bedded finegrained sandstone within an isolated channel body (118 m). d) Centimetre-

The
dominant
facies
sub-association
Fig. 9e)tocontains
both oxidised
and reduced
reduced bedded
(green copper colscale,
almost
symmetrical
ripples(FA-Ei;
in siltstone
very fine-grained
sandstone
(324 m).to
e) very
Cumuliform
pervasive
mottling,
for rootlets (Fig.
7h) and laterally
ouration).
facies represent
overbank
ﬂow-fed
gypsum
(338 evidence
m). f) Sandstone-filled
desiccation
cracks at the
base ofThese
a sandstone
unit (52distal
m). g)
Sub-vertical
to depoextensive siltstone to very ﬁne-grained sandstone-ﬁlled desiccasition from suspension during temporary ﬂood plain inundation.
vertical burrows (143 m). These traces are often filled with mudstone.
h) Vertical to subvertical reduced rootlets in
tion crack horizons (Fig. 7f). The mottles and rootlet traces are
Desiccation crack formation resulted from high rates of

mudstone (87 m).
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mudstones are associated with laterally extensive (1) centimetre-scale siltstone and very ﬁne-grained sandstone horizons
that occasionally preserve symmetrical (wave) ripples on their
upper surface as well as isolated ripple lenses (Fig. 7d), and (2)
millimetre to centimetre thick in situ gypsum horizons that
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versus sedimentation values with time. This may
result from: 1) upstream allocyclic (climatic) controls
causing a decrease in sedimentation rate, or; 2)
downstream autocyclic delta lobe progradation
causing a lengthening of the stream profile and
the creation of accommodation space. Individual
channels are significantly narrower than the sand
bodies of which they are components. Channelised
bases or internal bounding surfaces commonly
define component lenticular channel forms on
average 25.2 m wide and 2.2 m deep (Table 5.2).
These occur within channel belts in excess of 100
m wide (the extent of the exposure), indicating
either the lateral migration of channels or localised
channel switching. Lateral accretion surfaces are
observed as are laterally offset channels with a
systematic migration direction (Figure 5.9b; 25-31
m & 86-97 m in Figure 5.5b). Channel body palaeoflow directions at Babazanan are generally towards
the east or south. Multi-storey channel bodies often
preserve remnants of fine-grained, sheet-like flood
plain material or lenticular fine-grained channel fills.
The preservation of these fine-grained sediments
within an active channel belt suggests extremely
high subsidence rates.
Sheetflood overbank, abandonment facies
association (FA-C)
This facies association is composed of laterally
continuous sheets of siltstone to very fine-grained
sandstone which form upward fining and thinning
cycles on a scale of ~8-20 m (Figure 5.9c). The
facies are often mottled and/or contain rare
rootlet horizons. Rare coaly laminations and wood
fragments are also present. They were deposited by
flow expansion and deceleration of poorly confined
to unconfined flows during multiple crevasse splay
sheetflood events in an overbank setting.
Sheetflood overbank, progradational facies
association (FA-Dii)
Metre-scale coarsening upward mudstone to very
fine-grained sandstone cycles are rarely developed
at Babazanan. They represent the progradation of
overbank, crevasse splay sheetflood deposits over
the flood plain.
Flood plain facies association (FA-Eiii)
Mudstones at Babazanan are massive to parallel
laminated and contain rare evidence of rootlet and
palaeosol horizons and desiccation cracks (Figure
5. 9e(iii)). Background colouration is typically
7.5YR4/2-3 to 10YR4/2-3 (brown to dark greyish
brown). More reddened (e.g. 2.5YR4/2; dusky red)
and darker (e.g. 2.5Y4/2-3; dark greyish brown to
olive brown) horizons are rare. Rootlets typically

display reddened traces and reduced halos (e.g.
Figure 5.8d). Both reduced and oxidised mottles
occur with the former being more prevalent.
In addition to organic material in root traces,
occasional woody plant remains (Figure 5.8e)
and gastropods are present. Gypsum horizons
are absent. Mudstones at Babazanan represent
deposition from suspension. Limited palaeosol
development may reflect relatively high rates of
sedimentation and/or widespread flood plain lake
deposition (see below).

5.5. Palynological analyses and depositional
environments
Twenty-four samples were studied from Lokbatan
and 34 samples from Babazanan, principally
to assist with the interpretation of depositional
environments. The results are shown in Figures
5.10 and 5.11, respectively, and in Table 5.3. The
analysed samples yielded varying abundances
of palynomorphs, with the more fine-grained,
non-oxidised sediments generally containing
rich assemblages, with palynomorph counts in
excess of 200. Other samples contained fewer
palynomorphs due to the larger grain size of
the studied lithology or the degree of subaerial
exposure. The assemblages obtained include
mainly pollen, spores and various fungal and
algal bodies, as well as reworked Cenozoic and
Mesozoic dinocysts. No in situ dinocysts were
observed; in particular typical Caspian brackish
dinocyst assemblages that include forms such as
Spiniferites cruciformis (Marret et al. 2004; Wall
et al.1973) were not seen in either of the studied
sections. This lends support to the suggestion that
the studied sediments are essentially of fluvial and
flood plain origin. The pollen types recorded at
both localities include locally frequent bisaccate
pollen, derived from conifers, especially Pinus
(pine). Other pollen types present include several
derived from trees and shrubs, such as Alnus
(alder), Ulmus (elm), Carpinus (hornbeam) and
Quercus (oak). These are mainly warm or cold
temperate types and all would have occurred in
the Volga and Kura catchment regions during the
Pliocene (Naidina, 1999), although were not
necessarily growing directly at the site of
deposition. The palynological data have been
interpreted non-numerically and also using
multivariate statistics (Principal Components
Analysis; see Section 5.5.3). Each sample and
assemblage has been cross-checked with the
sedimentological interpretations, and the
results from the two disciplines are generally
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Fig. 9. Schematic logs to illustrate and summarise the facies associations and depositional environments within the Surakhany Suite at Lokbatan and Babazanan, Azerbaijan.
Figure
5.9. Schematic logs to illustrate and summarise the facies associations and depositional environments
within the Surakhany Suite at Lokbatan and Babazanan, Azerbaijan.
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Fig. 10. Summary palynological analysis chart for Surakhany Suite samples at Lokbatan, Apsheron Peninsula, Azerbaijan. Sample positions are shown on Figure 5a. A
complete data set is contained in Table A1.

Table 5.3. (right) Numerical palynological data for samples from the Surakhany Suite at Lokbatan (Apsheron Peninsula) and Babazanan (Kura Basin), Azerbaijan.
Data shown are numerical counts, not percentages. This is also the matrix used for the PCA (Principal Components Analysis) of the palynology data (see Section
5.5.3). Samples I, M, Z, AE & AF (Lokbatan) and 4, 18, 10, 39, 52, 60, 62, 81 & 84 (Babazanan) were excluded from the PCA due to low palynomorph recovery.
Undetermined pollen types were also excluded. The PCA analysis was carried out using PAST software. For further details, see http://folk.uio.no/ohammer/past/
and, Hammer et al. (2001).

Figure 5.10. Summary palynological analysis chart for Surakhany Suite samples at Lokbatan, Apsheron Peninsula, Azerbaijan. Sample positions are shown on
Figure 5.5a. A complete data set is contained in Table 5.3.
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Appendix. Supplementary tables
Table A1
Numerical palynological data for samples from the Surakhany Suite at Lokbatan (Apsheron Peninsula) and Babazanan (Kura Basin), Azerbaijan. Data shown are numerical
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counts, not percentages. This is also the matrix used for the PCA (Principal Components Analysis) of the palynology data (see Section 5.3). Samples I, M, Z, AE & AF (Lokbatan)
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and 4, 18, 10, 39, 52, 60, 62, 81 & 84 (Babazanan) were excluded from the PCA due to low palynomorph recovery. Undetermined pollen types were also excluded. The PCA
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Some samples contain localised algal populations,
including Pediastrum (samples AD & AB), algal
cysts/leiospheres and Botryococcus (samples V &
S), and Tasmanites (samples S & P) (Figure 5.10).
Pediastrum and Botryococcus are mainly freshwater
forms, although Botryococcus can tolerate low to
medium salinity (Medeanic, 2006). These are likely
to indicate the presence of ephemeral flood plain
lakes or ponds with variable salinities. Localised
pulses of Pediastrum, for example in sample AM
(just below 330 m), indicate periodic replenishment
of the lakes from a freshwater source. On the
whole, the palynological data from Lokbatan are
consistent with a periodically subaerial flood plain
setting, with locally developed freshwater, brackish
and saline lakes and ponds. Mesozoic reworking
occurs frequently.
5.5.2. Babazanan palynology
The palynological associations from the Babazanan
section are also quite varied with mixed pollen,
spore and algal elements present. Mesozoic
pollen, spores and dinocysts are generally rare,
whereas Neogene and Paleogene dinocysts are
present consistently. This is likely to indicate a
predominantly palaeo-Kura River sediment source,
and the erosion of predominantly Cenozoic
sediments from the Lesser and Greater Caucasus.
Many samples from the Babazanan section contain
frequent freshwater algae including Pediastrum
(e.g. in samples 44, 50, 51 & 74) and the brackishtolerant Botryococcus (e.g. 50, 51, 55 & 69) (Figure
5.11). These are likely to indicate the presence
of freshwater to brackish flood plain lakes and
ponds. Several other samples (e.g. 38, 64, 65 &
70) contain mixed palynomorph assemblages,
some with frequent Cyperaceae (sedge) or
Gramineae (grass) pollen, indicating the presence
locally of herbaceous swamp plant communities
(Figure 5.11). Samples 61 and 66 occur within
channel facies, and contain frequent algal cysts or
leiospheres (Figures 5.5b and 5.11). These have
an unknown affinity, but may thrive in waters with
reduced circulation, and could in this instance be
an indication of channel abandonment.
Several grey/brown claystone and mudstone
samples (e.g. 57, 58 & 59a) are marked by
the presence of increased Chenopodiaceae
pollen. These occur frequently in salt-marsh and
similar vegetation around saline lake or pond
environments. The relationship between the algaldominated samples and those with frequent saltmarsh pollen may be partly successional, with saltmarsh flora becoming established around the flood

plain lakes once the water levels recede. Indeed,
there is a suggestion in the measured section
that samples with high levels of Chenopodiaceae
pollen tend to overlie, or occur stratigraphically
close to, samples or intervals with the most
common Pediastrum. This type of relationship
occurs in the interval ~150 m to ~300 m in the
measured section at Babazanan, where channel
sandstones are interbedded with mainly grey or
brown mudstones. The mudstones are likely to
represent predominantly overbank deposition
and display a freshwater signal (e.g. sample 55 at
246 m), but become more saline (e.g. sample 57
at 273 m) through time as the freshwater influence
diminished. Two samples (31 & 79, both from or
close to fine-grained sandstones) are characterised
by peak abundances of pine pollen, with other tree
pollen types (e.g. Ulmus) also present (Figure 5.11).
The exact origins of this assemblage are unclear,
but it is possible that it represents predominantly
fluvial episodes, perhaps overbank sheetfloods.
Roots are rare in the measured outcrop at
Babazanan suggesting that the sites of deposition
were largely unvegetated. However, the pollen
records, notably of the herbaceous vegetation,
suggest that a minimal vegetation cover was
established from time to time, most probably as
an opportunistic succession following overbank
floods and subsequent pond/lake development.
In general, the palynology data from Babazanan
are indicative of a variety of fluvial and alluvial
conditions, with freshwater, brackish and saline
lakes and ponds regularly present on the flood
plain. Subaerial exposure was probably only
sporadic and Mesozoic reworking minimal.
5.5.3. Multivariate analysis of the palynological
data
The palynological data from Lokbatan and
Babazanan have been analysed using Principal
Components Analysis (PCA) using PAST software
(PAleontological STatistics ver 1.89, Hammer
et al. 2001), and a summary of the PCA results
is shown in Figure 5.12. The statistical analyses
are based upon the complete data set, but with
several samples with poor palynomorph recovery
excluded. Undetermined pollen were also
excluded. A total of 19 (out of 24) samples were
included from Lokbatan. These were compared
with a similar number (25 out of 34) of samples
from Babazanan (see Table 5.3 for details). No
other variables (e.g.depth, facies type, lithology)
were incorporated in the multivariate analyses.
Six main groups have been identified, which are
arbitrarily numbered 1-6. Groups 1, 2 and 3 occur

Figure 5.11. Summary palynological analysis chart for Surakhany Suite samples at Babazanan, Kura Basin, Azerbaijan. Sample positions are shown on Figure 5.5b.
A complete data set is contained in Table 5.3.
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Fig. 12. Results of Principal Components Analysis (PCA) of the palynological data from the Surakhany Suite, Azerbaijan.
Figure 5.12.
Results of Principal Components Analysis (PCA) of the palynological data from the Surakhany Suite,
Azerbaijan.
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Fig. 13. Petrophysical properties of Surakhany Suite sandstones from outcrops and the sub-surface of the Apsheron Peninsula and Kura Basin and their offshore equivalents. Source

from Lokbatan and Babazanan, with the samples
from each locality tending to cluster together.
Component 1, which accounts for 31.3% of the
total variance, may be positively equated with
fluvial or alluvial plain influence, with the Group
3 (Lokbatan, reworking-dominated) and Group
6 (Babazanan, pine-dominated) samples scoring
highly. Conversely, low values on Component 1
equate with most of the Group 4 (Babazanan) and
Group 1 (Lokbatan) samples, which show varying
degrees of freshwater or brackish lacustrine
influence. Component 2 accounts for 22.9% of
the total variance and is again positively equated
with the Group 3, reworking-dominated samples
(Lokbatan), and also positively with Group 1
(Lokbatan, lakes and ponds), and may be indicative
of the degree of aridity and subaerial exposure
on the flood plain. Low scores of Component

2 correspond with the presence of frequent
water-borne palynomorphs, typical of forms
from Babazanan, and most probably represent
increasing humidity. Component 3 accounts for
14.7% of the total variance and is most positively
equated with Group 5 (Babazanan) and Group 2
(Lokbatan), both of which contain a relatively high
number of salt-marsh pollen, and are interpreted
as saline and evaporitic lake-margin assemblages.
Component 3 may, therefore, be positively equated
with an increasing salinity gradient and negatively
with increasing freshwater influences.
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Fig. 14. Average porosity and permeability versus depth crossplots for Surakhany Suite sandstones from outcrops and the sub-surface along the western margin of the South
Caspian Basin, Azerbaijan. Source data are provided in Table A2. Note that at any given depth the average petrophysical properties of samples supplied by the palaeo-Kura river
along the Kurovdag-Babazanan-Neftchala (Kura Basin axis) trend are equivalent or better than those supplied by the palaeo-Volga river on the Apsheron Peninsula and its offshore
continuation. Fields are located on Figure 1 and the key is given in Figure 13.

Figure 5.14. Average porosity and permeability versus depth crossplots for Surakhany Suite sandstones from
outcrops and the sub-surface along the western margin of the South Caspian Basin, Azerbaijan. Note that at
any given depth the average petrophysical properties of samples supplied by the palaeo-Kura river along the
Kurovdag-Babazanan-Neftchala (Kura Basin axis) trend are equivalent or better than those supplied by the
palaeo-Volga river on the Apsheron Peninsula and its offshore continuation. Fields are located on Figure 5.1 and
the key is given in Figure 5.13.
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minor contribution from more lithic-rich sediments
sourced from the Lesser Caucasus via the palaeoKura river system (Morton et al. 2003).
Contrasting characteristics are seen within the
outcrop at Babazanan. Here there are numerous
stacked, laterally extensive sandstone bodies with
interbedded mudstone packages, containing
only rare rootlet traces and desiccation cracks
and no gypsum horizons. A higher gradient,
predominantly-high discharge fluvial flood plain
environment is interpreted. The palynological
record suggests that most of the background
sediments were deposited in flood plain
brackish ponds and lakes. This, along with high
sedimentation rates, inhibited plant colonisation
and soil formation. The presence of salt-marsh
palynomorphs, however, indicates that some
degree of lake-margin colonisation occurred as
water levels receded. A model of incisional avulsion
is postulated for the channel bodies at Babazanan,
with channel bodies sharply overlying distal flood
plain deposits due to the rapid development of
coherent successor channels during avulsion.
This often occurs due to the reoccupation of
earlier channels (Mohrig et al. 2000) and may, in
part, explain the predominantly stacked nature of
channel bodies in the Kura Basin region and the
sparsity of progradational sheetflood facies.
Excellent exposure allows detailed mapping
of channel geometries and the assessment of
bounding surfaces (Figure 5.6). The provenance
for the majority of sandstones within the Kura Basin
indicate a Lesser Caucasus volcanic source area
(Morton et al. 2003), resulting in the deposition
of quartz-poor lithic and subarkosic arenites.
Occasional sandstones record a contribution
from, or reworking of, palaeo-Volga River derived
sediments, although the low frequencies of
Mesozoic reworking in the palynofloras suggest
that this influence was minimal.

5.7. Variations in reservoir potential
On the Apsheron Peninsula, the outcrops at
Lokbatan record low discharge and low sediment
supply rates of sand-grade sediment into the
South Caspian Basin towards the end of Productive
Series deposition. Channel depths of 2.6-3 m
(inferred from rare incised channel forms) are
similar to channel body thicknesses implying only
rare channel stacking (Table 5.2). The succession
comprises 15% sandstone, 13% siltstone and
72% mudstone. Only a limited suite of downhole
logs were recorded in Soviet era wells on the

Apsheron Peninsula. Spontaneous Potential (SP)
well logs in oil fields adjacent to Lokbatan indicate
that the Surakhany Suite typically has shale cutoff net-to-gross sand ratios of ~0.35-0.40 (Figure
5.4). This suggests either that facies at Lokbatan
are more marginal (flood plain dominated) than
in other parts of the palaeo-Volga system or only
the finer-grained middle and upper parts of the
Surakhany Suite were logged at outcrop. Well log
traces indicate that, like at outcrop, the majority
of the siltstone and sandstone bodies comprise
metre scale, occasionally stacked units that
commonly display coarsening and fining-upward
trends (Figure 5.4). Siltstone and sandstone body
connectivity is therefore likely to be limited.
At Babazanan, the development of numerous
channel bodies indicates higher, more persistent
discharge and presumably higher sediment supply
rates to this part of the basin margin. Commonly
the channel bodies comprise multi-storey channel
belts and stacked channel belts. Channel stacking
is implied by the fact that sandstone bodies are
often considerably thicker than observed channel
form depths (on average ~2.5 times thicker;
Table 5.2). The Babazanan section is made up of
44% sandstone, 8% siltstone and 48% mudstone.
Fluvial channel sandstone bodies make up 42% of
the section (Table 5.2). Equivalent, 10-20 m thick
multi-storey palaeo-Kura channel belt sandstones
are apparent in the blocky wireline log responses
in wells from the onshore Kura Basin (Figure 5.4).
The shale cut-off derived net-to-gross sand ratio
of the Surakhany Suite in Babazanan 43 is 0.38
(Figure 5.4). A net-to-gross sand ratio of 0.26 in the
Mishovdag 58 well would suggest that net sand
will decrease up depositional dip and away from
the depositional axis of the palaeo-Kura system. As
channels become stacked there is an increasing
tendency for internal compartmentalisation. The
occurrence of mudstone channel plugs and the
remnants of overbank deposits increase with
channel stacking in individual channel belts
and, in particular, when channel belts become
amalgamated (Figure 5.6). Most sandstone
bodies in the Babazanan section are interpreted
to represent individual channel belts, although in
the case of some anomalously thick units (greater
than 10 m) it is difficult to say whether they are a
product of a single channel belt or a number of
channel belts. Mudstone-filled channel plugs and
flood plain mudstones along with baffles (grain size
and textural contrast) and barriers (clay rip-up clasts
and major grain size variation) all result in potential
variations in fluid flow within these sandstones
(Figure 5.6). In addition to compartmentalisation,
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the sediment quality of the sandstone bodies in
the Babazanan section is likely to be poor due to
the relatively short drainage length of the palaeoKura River and the high proportion of lithic grains
derived from the Greater and Lesser Caucasus.
Porosity and permeability data for Surakhany Suite
siltstones and sandstones from Azerbaijan are
summarised in Figures 5.13 and 5.14.
Further details of porosity and permeability
studies are included in the online version of
this article: https://www.researchgate.net/
publication/223479858

5.8. Conclusions
Combined sedimentological and palynological
studies of outcrops from Lokbatan on the Apsheron
Peninsula and Babazanan in the Kura Basin provide
a detailed record of Upper Productive Series
(Surakhany Suite) deposition by two of the principal
fluvial systems feeding the South Caspian Basin.
The Russian Platform-draining palaeo-Volga river
system, that supplied the majority of sediment to
the Lokbatan section, delivered little in the way of
silt and sand-grade sediment (28% of the section).
Channelised siltstone and sandstone bodies make
up 13% of the section and are on average 1.5 m
thick (Table 5.2). Wireline log responses from wells
in nearby hydrocarbon fields on the Apsheron
Peninsula display net-to-gross sand ratios of ~0.350.40. Channel switching probably occurred via
aggradational avulsion as disperse flows on the
flood plain concentrated following flow diversion.
The non-channelised facies in the uppermost
Productive Series at Lokbatan are dominated by
ephemeral fluvial flood plain, overbank pond and
saline lake facies. These contain extensive evidence
of soil formation and of desiccation. Gypsum
horizons are common in the middle and upper part
of the section. Common coarsening- and finingupward packages record sheetflood/crevasse
splay progradation and abandonment. Evidence
for periods of flooding followed by gypsum
precipitation, desiccation and/or soil formation is
consistent with an episodic discharge-driven model
of sedimentation for the palaeo-Volga system. The
upward decrease in the net-to gross sand ratios
of the palaeo-Volga supplied Productive Series in
the Apsheron region was probably caused by an
overall decrease in depositional gradients, coupled
with localised trapping of coarse sediment up
system in the foreland of the Greater Caucasus. The
palaeo-Kura river system, that supplied sediment to

the Kura Basin, provided more sand-grade material
during the deposition of the uppermost Productive
Series. Siltstones and sandstones make up 52% of
the outcrop at Babazanan, with estimates of netto-gross sand ratios from wireline log responses
in the sub-surface being around 0.25-0.40 (Figure
5.4). The channels of this system were laterally
mobile and form laterally extensive channel
belt sandstones that are highly heterogeneous
and on average 5.8 m thick (Table 5.2). A lack
of coarsening-upward packages may indicate
that incisional avulsion processes dominated.
Background sediments were deposited in flood
plain brackish lakes and ponds. Wetter conditions
than those at Lokbatan prevented desiccation
and gypsum precipitation and, along with higher
sedimentation rates, inhibited plant colonisation
and soil formation. The upward increase in net
sand of the palaeo-Kura supplied Productive Series
in the Kura Basin region resulted from ongoing
uplift in its Lesser Caucasus catchment area. This
caused an increase in precipitation (and therefore
discharge), sediment supply and depositional
gradient in this actively prograding fluvial system.
Palynological analyses, mainly from mudstones,
show that deposition at both localities occurred in
a fluvial/alluvial regime, with the muds deposited
in a variety of flood plain lakes, ponds and saltmarsh settings, subject to variable degrees of
subaerial exposure. Results of multivariate analyses
of the palynological data suggest that the main
factors influencing the palynomorph records are
the degree of fluvial/lacustrine influence, subaerial
exposure and salinity. Higher frequencies of
Mesozoic reworking were found in the palaeoVolga sediments at Lokbatan. The sediments from
the palaeo-Volga river system are more
quartz-rich and better sorted, with fewer lithic
fragments and clays than those derived from the
palaeo-Kura river system. Despite this, Surakhany
Suite sandstones supplied by the palaeo-Kura river
system along the Kurovdag-Babazanan-Neftchala
trend have as good or better petrophysical
properties than those supplied by palaeo-Volga
river system, typically with good to very good
reservoir properties. This is probably due to their
coarser-grained nature. As a consequence it may
be worth re-examining the reservoir potential of
some of the moderately high net stacked fluvial
sandstone bodies within the Surakhany Suite along
the axis of the Kura Basin.
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Abstract
Pollen and spores have been analysed in deposits of the Akchagylian-Apsheronian in the north-western
Caspian Sea region, providing a picture of past vegetation and climate change for the late Pliocene to
early Pleistocene. On the basis of pollen assemblages in sediment cores and outcrops from the North
Caucasus (the Caucasus Mineral’nyye Vody region, the Tersko-Sunzhensky area and the foothills of
Dagestan), climatic fluctuations and related changes in vegetation can be recognised for the time from
3.6 to 0.8 Ma. The lower Akchagylian is characterised at first by an open landscape dominated by steppe
vegetation. In the middle of the lower Akchagylian, the transgression of the palaeo-Caspian spread, and
the treeless landscapes of the earliest Akchagylian were replaced by forests with thermophilic relicts.
During the middle-upper Akchagylian and Apsheronian periods, the vegetation cover of the North
Caucasus gradually changed: forests were replaced with steppe vegetation in response to episodes of
aridification, and changes were evident in the structure of the dendroflora. The vegetation of the North
Caucasus shows changes consistent with climatic warming at around 3.2 Ma which coincides with a period
of warming in the Mediterranean and probably represents the ‘Mid Pliocene Warm Period’.
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6.1. Introduction

6.2. Stratigraphy

Late Pliocene to early Pleistocene Akchagylian and
Apsheronian deposits are widely distributed within
the south-eastern part of the East European Plain,
including the oil and gas province of the northern
Caspian Region. Economic activity, including
environmental protection and management
of oil and gas fields, requires geological and
palaeogeographical studies, the understanding
of environmental changes and the discovery of
analogues for the latter. Amongst the various
palaeogeographical methods, pollen analyses play
an important role since they provide information on
changes in flora, vegetation and climate.

6.2.1. Relationships of Russian regional stages to
European Plio-Pleistocene Stages

The purpose of this paper is 1) to present the late
Pliocene-early Pleistocene stratigraphy of the
North Caucasus region; 2) to provide information
on the Plio-Pleistocene flora and vegetation of
the region and their changes through time; 3)
to document changes in landscape and climate;
and 4) to show the inter-relation of changing
vegetation and climate and how these are linked
with transgressions and regressions in the palaeoCaspian Sea. This study uses material from the
North Caucasus to the west of the northern Caspian
Region, where the palynology of the Akchagylian
and the Apsheronian has not been studied in detail
(Figure 6.1).

According to the stratigraphic framework for
Western Europe (Cita et al. 1999) the base of
the Piacenzian of the Mediterranean is located
at the base of small scale carbonate cycle 77
of Punta Piccola, Italy, which coincides with the
Gilbert-Gauss boundary at 3.6 Ma and with the
base of the Akchagylian in the North Caucasus
region (Zubakov and Borzenkova, 1990). The
West European Gelasian stage begins above
Gauss/Matuyama boundary at 2.588 Ma. After
studying of a large number of pollen diagrams,
Suc et al. (1997) proposed lowering the PlioPleistocene boundary to coincide with the
Gauss/Matuyama palaeomagnetic reversal. This
was subsequently ratified by the International
Commission on Stratigraphy in July 2009 and the
base of the Quaternary was amended to 2.588 Ma
(Gladenkov, 2010). The Gelasian was moved from
the Pliocene epoch and now forms the lower stage
of the Pleistocene, corresponding to the Russian
‘Eopleistocene’.
Further details of the Plio-Pleistocene Russian
stages are included in the online version of this
article.
6.2.2. Regional features
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Figure 6.1. The northern Caspian region showing the
study area in the Terek and Kuma River basins to the
north of the Caucasus.

The Akchagylian and Apsheronian regional stages
have not been consistently defined stratigraphically
(e.g. Jones and Simmons, 1996; Forte et al. 2015),
and have been variously described as a ‘horizon’,
a ‘series’ and a ‘regioseries’, although the latter
term has not been widely accepted. There is no
universally agreed stratigraphic subdivision of
the Akchagylian, nor any definitive nomenclature.
A three-fold subdivision (Ak1, Ak 2 and Ak 3) is
the most widely used but even this is not always
well constrained and consistently applied. In this
present work, palaeomagnetic boundaries are used
to define the late Pliocene and Pleistocene stages,
in accordance with published data (e.g. Pevzner
and Vangengeim, 1986; Trubikhin, 1987).
The base of the Akchagylian in the North Caucasus
region occurs at the base of the Piacenzian,
coinciding with the boundary between the Gilbert
and Gauss palaeomagnetic intervals at 3.6 Ma.
The maximum transgression of the Akchagylian Sea
occurred in the Gelasian and this is reflected by the
presence of extensive Akchagylian deposits
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6.2.3. ‘Meotis and Tersky Beds’
A feature of the Akchagylian-Apsheronian deposits
of the eastern North Caucasus is their transgressive
nature, overlying older Cenozoic beds. Directly
under the Akchagylian deposits are mainly nonfossiliferous beds of continental or brackish
lacustrine origin. In the Tersko-Sunzhensky area,
these are the deposits of the ‘Meotis’, which are
of late Miocene, Messinian age and therefore
probably co-eval with parts of the Maeotian and
Pontian stages as defined by Krijgsman et al.
(2010). The overlying, younger sediments belong
to the so-called ‘Tersky layers’. In the eastern North
Caucasus region, these sediments were deposited
in the southern periphery of the Tersky gulf, and
are made up of mainly of volcanogenic tuffs and
high energy sands (Figure 6.2). One of the main
questions on the Pliocene stratigraphy of the
North Caucasus is clarification of the age of these
‘Tersky layers’, which have differing definitions by
various authors (Zhizhchenko, 1958; Schneider,
1959; Steklov, 1966). There is, therefore, some
uncertainty establishing of the lower boundary
of the Akchagylian. Practically, the Akchagylian is
recognised by the emergence of a characteristic
microfauna, which includes the molluscs Dreissena
polymorpha (brackish), species of Unio and
Valvata (freshwater) and freshwater to slightly
brackish ostracods such as Cytherissa jushatyrensis,
Heterocypris incongruens and species of Cypria
and Candoniella (Schneider, 1959). But this is
problematic as microfauna, including ostracods and
rare foraminifera, also occur in the ‘Tersky layers’.
The upper part of this interval is described by
Schneider (1959) as ‘a zone with rare microfauna’,
containing ostracods including Iliocypris bradyi
(freshwater), Cyprideis littoralis (brackish), species
of Candona (typically freshwater) and also brackish
marine foraminifera (Ammonia beccarii), all of
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around the Caspian region, for example to the
south of the Caucasus in Azerbaijan where the
base of the Akchagyl is somewhat younger, dated
at between 3.2 Ma (van Baak et al. 2013) and 2.71
Ma (van Baak, 2015). The Akchagylian-Apsheronian
boundary coincides approximately with the top
of the Olduvai palaeomagnetic episode close
to 1.8 Ma, although the interpreted age of the
Akchagylian to Apsheronian contact varies within
the literature (e.g. Svitoch, 2014). The top of the
Apsheronian is close to the boundary between the
Matuyama and Brunhes palaeomagnetic epochs at
around 0.8 Ma. In the present work the most widely
accepted ages based on palaeomagnetic data
(Naidina, 2015) are used.
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Figure 6.2. Location map and late Pliocene geological
map of the study area, showing the Caucasus
Mineral’nyye Vody (CMV) region, the TerskoSunzhensky area and the Dagestan foothills (modified
after Zhizhchenko, 1958). 1 = claystone with layers of
sandstone; 2 = claystone and sandstone with layers
of limestone and conglomerate (‘galechnik’); 3 =
sandstone with interbedded claystone; 4 = alternation
of sand, sandstones, clays, conglomerate (‘galechnik’)
and tuff; 5 = sandstone with minor clays; 6 = main
area of Akchagylian erosion (post-depositional); 7 =
limit of the Akchagylian sediment distribution in the
North Caucasus; 8 = drift direction of detrital material;
9 = Terskaya (T) and Sunzhenskaya (C) anticlines; 10
= studied sections: Etoka, Zamankul, Aldy, ChechenAul, Terek and Alexandria boreholes; 11 = towns and
cities.

which can also occur in the lower Akchagylian.
These ‘Tersky layers’ which are widely developed
in Tersko-Sunzhensky area, are considered to
represent the oldest sediments of the Akchagylian
stage, deposited during the Piacenzian after ca.
3.6 Ma. They are likely to be a time equivalent to
the Surakhany Formation which is found mainly in
the South Caspian Basin (Abdullayev et al. 2012;
Kroonenberg et al. 2005; Vincent et al. 2010). The
boundary between the ‘Meotis’ and ‘Tersky layers’
is unconformable and most probably at least partly
equivalent to the ‘Break Formation’ (sensu Zubakov
and Borzenkova, 1990) within the Zanclean. This
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event marks the onset of the deposition of the main
hydrocarbon reservoir sands of the Productive
Series in the South Caspian basin during a major
Caspian lowstand (Reynolds et al. 1998; Green et
al. 2009).

6.3. Material and methods
Samples from several outcrops and cores in
the northern Caucasus area were studied for
palynology (Figure 6.2). In the Tersko-Sunzhensky
region, which includes the main drainage basins
of the Terek and Sunzha rivers, outcrops from
the Zamankul, Aldy and Chechen-Aul localities
were investigated, together with a core (the Terek
geothermal borehole) from the Kizlyar area in the
Dagestan foothills. Additional information was
provided by a previous palynological study by
Maslova (1960) of the Alexandria borehole, situated
close to the outflow of the Terek River, which has
a pollen record extending from the late Miocene
to mid-Pleistocene. In the western part of the
study region, the Mineral’nyye Vody region near
the Kuma River, data were utilised from four cores
collected by the Kavminvodsky hydrogeological
expedition from Lake Tambukan, situated to
the south-east from Pyatigorsk (Naidina, 1994a)
and from a nearby outcrop section at Etoka. The
palynological observations are based on results of
analyses from several hundred samples in total. The
greatest attention was paid to those outcrops which
had already been described and characterised
faunally (Steklov, 1966).
Pollen and spores were separated using
centrifugation with a cadmium solution followed
by acetolysis. A minimum of 250 pollen grains and
spores per sample were identified and counted
under a light microscope at a magnification of
400x. The percentages of arboreal pollen (AP), nonarboreal pollen (NAP) and spores were caculated
relative to the total quantity of microfossils.
Representative pollen diagrams are reproduced
in this paper including the Alexandria section
(Maslova, 1960) and previously unpublished and
published works by Naidina (1988, 1990, 1994a,
1994b). No pollen diagrams are shown for the
Lake Tambukan cores, the Zamankul outcrop and
from the lower part of the Chechen-Aul outcrop
although the data from these sections are used for
the interpretations. Where possible, Synthesised
Pollen Complexes (SPCs) have been allocated
based on the pollen assemblage composition,
and reconstructions of vegetation and climatic
conditions made according to the ecological

requirements (e.g. temperature and humidity) of
the plant groups present. A palaeogeographical
analysis of the palynological data was also made in
order to interpret fossil dendroflora.

6.4. Results and interpretation
6.4.1. ‘Meotis and Tersky layers’
Pollen data from the ‘Meotis’ and ‘Tersky’ intervals
are available in the Alexandria borehole (Figure
6.3.1), the Terek borehole and the Aldy outcrop
(Figure 6.3.2). The ‘Meotis’ intervals contain mainly
tree pollen with Ulmus, Carpinus, Fagus and
various Juglandaceae (e.g. Carya) locally common.
The ‘Tersky layers’ are mainly barren or poorly
fossiliferous, although pollen of Pinus, Picea, Betula
and Corylus are locally common.
As previously noted, the ‘Tersky layers’ lie
unconformably over the late Miocene ‘Meotis’ in
the study area and are considered to represent
the oldest sediments of the Akchagylian stage,
deposited during the Piacenzian between 3.6 and
3.4 Ma. Treeless landscapes alternated with forest
steppes in the North Caucasus, depending on the
climate: phases of prevalence of forest vegetation
correspond to humid periods, with herbaceous
steppe vegetation persisting during times of arid
climate.
6.4.2. Lower Akchagylian (Ak1)
In deposits formed during the lower part of the
lower Akchagylian stage (Ak1), two complexes are
allocated within the studied sections: SPC-1 and
SPC-2. Abundant pollen of Amaranthaceae occurs
in SPC-1, where AP accounts only for around 30%
of the total pollen, for example in the Alexandria
section (e.g. sample 35, Figure 6.3.1). The pollen
records at the base of the Akchagylian are also
similar in Zamankul, Aldy and Chechen-Aul. Above
the sandstones in layers of dark grey clay, SPC-2
can be recognised, which contains predominantly
tree pollen, accounting for up to 85% of the
pollen flora. The conifers dominate (Pinus ~40%,
Picea ~10%). Among the broad-leaved trees, the
following are noted: Quercus ~4%, Ulmus ~2%,
Carya ~2%. Low numbers of Betula and Alnus
pollen also occur. The number of tree species
generally does not exceed eight. NAP is present
consistently and redeposited spores also occur.
SPC-2 is visible in the Alexandria core (e.g. sample
38, Figure 6.3.1) and in the lower parts of sections
Zamankul and Aldy (Figure 6.3.2) (Naidina, 1990).
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Figure 6.3. Summary pollen diagrams for selected study sections. Selected taxa only shown. Ak = Akchagylian,
Ap = Apsheronian, Bk = Bakunian, Hz = Khazarian.
6.3.1. Alexandria borehole (modified after Maslova, 1960). Only tree pollen (AP) is shown, calculated as % of AP.
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The later part of the lower Akchagylian stage, Ak1,
is represented by SPC-3 and SPC-4. In SPC-3,
the proportion of AP reaches 65%, NAP 25% and
spores 9%. Conifers are mainly represented by
Pinaceae pollen (e.g. in the Terek borehole) and
broad-leaved trees by pollen of Ulmus ~9%, Carya
~2%, Quercus ~4% and Juglans ~2%. Pollen of
Betulaceae (Betula, Alnus and Carpinus) is also
noted. The most complete section studied for
palynology in the Tersko-Sunzhensky area is from
Chechen-Aul, situated10 km to the south-east of
Grozny (Naidina, 1988). It is located to the northeast of the Syuil-Court anticline near to the coastal
plain outflow of the Argun River (Figure 6.2).
SPC-4 is allocated in the lower Akchagylian clays
in the interval of 6.0-7.5 m in the Chechen-Aul
section (Figure 6.3.3). In this complex, coniferous
pollen includes Pinus ~2%, with Cedrus, Tsuga,
Sciadopitys and Taxodiaceae also noted. The
amount of broad-leaved tree pollen also increases:
Fagaceae (Quercus ~50%, Fagus ~10%) and
Juglandaceae (~6%). Pollen of thermophilic
arboreal plants is present. The amount of NAP
including Amaranthaceae, Cruciferae, Urticaceae
and Asteraceae generally does not exceed 10% of
the pollen sum.
Frequent Amaranthaceae pollen in SPC-1 suggests
that predominantly steppe vegetation occurred,
and that climatic conditions were cool and dry
in the Tersko-Sunzhensky and Dagestan foothills
region at the start of the lower Akchagylian
stage (Ak1). Increased coniferous pollen in SPC-2
suggests an expansion of boreal forest under a cool
but relatively humid climate. A further increase in
AP in SPC-3, with greater representation of broadleaved trees, demonstrates the more widespread
occurrence of mixed forest and a warmer and more
humid climate. SPC-4 shows that broad-leaved
forest continued to thrive. The prevalence of pollen
of pan-holarctic and American-Euroasiatic groups,
and also presence of subtropical taxa testifies to a
warm and humid climate. The broad-leaved mixed
oak forests of the lower Akchagylian showed their
maximum variety and extent during SPC-4, and this
is probably related to onset of the ‘Mid Pliocene
Warm Period’ in the mid-Piacenzian at around 3.2
Ma.
6.4.3. Middle Akchagylian (Ak2)
Deposition during the mid-Akchagylian
commenced within clays assigned to SPC5, present within the interval 7.5-8.0 m in the
Chechen-Aul outcrop (Figure 6.3.3). The amount

of Pinaceae pollen increases (~18%); Fagaceae
pollen (Quercus ~46%, Fagus ~18%) and
Juglandaceae pollen are dominant. NAP occurs
in similar quantities and composition as in the
previous complex. Pollen of aquatic and subaquatic plants (Nymphaea, Sparganium) is noted.
Spores of Polypodiaceae are present but are not
of real significance. SPC-6 occurs in deposits of
the interval 9.5–8.0 m, where NAP is dominant (up
to 70%) with Amaranthaceae especially common
(up to 36%). In the same section, in the interval
9.5-10.2 m, SPC-7 is assigned and includes
frequent Fagaceae pollen (Quercus ~42%, Fagus
~15%) and Juglandaceae (~15%). Among the
NAP components, Amaranthaceae pollen and
various herbs are present (up to 8%) and aquatic
pollen also occurs rarely. The overlying interval
of thick clays in the Chechen-Aul section (interval
10.6-11.0 m) is assigned to SPC-8, characterised
again by high numbers of NAP; Amaranthaceae
pollen reaches a peak of 85%. In the upper part of
the clay interval (12.4-13.3 m) SPC-9 differs from
SPC-8 by a noticeable increase AP (up to 65%)
and reduced NAP (to 20%). Among the coniferous
plants, Pinaceae pollen including Pinus (2-18%),
Picea, Abies, Cedrus and Tsuga prevail; Ginkgo
and Podocarpus pollen are also noted. Of the
angiosperm pollen, Juglandaceae (up to 30%)
and Fagaceae (Quercus ~20% and Fagus ~15%)
are the most frequent. Single occurrences of the
genera Ulmus, Tilia, Betula, Alnus, Corylus and
Carpinus are noted, whereas the NAP component
is represented mainly by Poaceae, Cyperaceae,
Ericaceae, Amaranthaceae, Caryophyllaceae,
Asteraceae, Polygonaceae and Urticaceae. Single
occurrences of pollen from aquatic and subaquatic plants (Sparganium, Typha) were noted
and spores present rarely. The mid-Akchagylian
is also represented in the Aldy outcrop section
(Figure 6.3.2) where a broadly similar palynological
succession is observed.
Five SPCs have been recognised for the first time in
the mid-Akchagylian (Ak2) of the Tersko-Sunzhensky
area, principally in the Chechen-Aul and Aldy
outcrops, each of which illustrates a distinct phase
of vegetation development. Increased numbers
of Pinaceae, Fagaceae and Juglandaceae pollen
in SPC-5 reflects the development of mixed oak
forests and a warm climate, possibly linked to the
continuation of the ‘Mid Pliocene Warm period’.
SPC-6, containing up to 70% NAP, most significantly
Amaranthaceae, suggests subsequent expansion
of steppe and semi-desert vegetation and a period
of cold and arid climate, possibly linked to the cold
isotope stage G10. The pollen record changes

148 | Chapter 6

again in SPC-7 with increased proportions of AP
(mainly Fagaceae, Betulaceae and Juglandaceae)
indicating the increased presence of mixed
forests under a warming climate. A return to
predominantly steppe and semi-desert vegetation
is indicated by very high proportions of NAP in
SPC-8, suggesting a cold and arid climate, possibly
associated with cold isotope stage G6. Trees,
including conifers and broad-leaved types, show a
renewed expansion in SPC-9, ending at around 2.6
Ma. In the North Caucasus there were coniferous
pine forests and broad-leaved fir-trees with Tsuga;
the climate was cooler than at the end of the lower
Akchagylian.
6.4.4. Upper Akchagylian, Ak3
Palaeomagnetic study (unpublished data provided
by E.A. Molostovsky and N.I. Eremin) shows that
the base of SPC-10 (the Ak2 to Ak3 boundary)
coincides with the magnetic reversal at the
top of the Gauss and base of the Matuyama
magnetic stages, which equates to 2.588 Ma.
SPC-10 is allocated in deposits from an interval
of 13.3-21.6 m in the Chechen-Aul section, and
marks the end of Akchagylian deposition. In this
complex, a considerable amount of pollen from
coniferous plants occurs, mainly Pinaceae (Pinus
up to 20%, with Picea, Tsuga and Cedrus). The
abundance of pollen of broad-leaved taxa is also
significant, including Fagaceae (Quercus ~25%,
Fagus ~20%) and Juglandaceae (~30%). Pollen
of the genera Ulmus, Tilia, Acer, Betula, Alnus and
Carpinus also occur. Among the NAP component,
pollen of Amaranthaceae, Ericaceae, Gramineae,
Cyperaceae and Asteraceae etc. are noted. Spores
of Polypodiaceae and Lycopodiaceae occur on
average from 2 to 15% of the total sum. Upper
Akchagylian sediments are also present in the
Etoka outcrop section where Pinus and Picea
are the dominant pollen taxa. By the end of the
Akchagylian in SPC-10, the vegetation consisted
of mixed coniferous and broad-leaved forests
alternating with steppe, suggesting a cool climate
with variable humidity.
6.4.5. Apsheronian, Ap1 and Ap2
Sediments from the Apsheronian stage are
represented in the Alexandria borehole (Figure
6.3.1) and in the Aldy, Chechen-Aul (Figures 6.3.2,
6.3.3) and Etoka outcrops. A section of almost
1000 m in thickness occurs in the Alexandria
borehole. NAP is the dominant pollen type;
however Pinus is frequent in the lower part of
the section (Figure 6.3.1, samples 49 to 78). An

increase in thermophilic tree pollen is noted in the
upper section (samples 82 to 133) which include
the ‘QUTC’ (Quercus, Ulmus, Tilia, Carpinus) group
highlighted by Bolikhovskaya (1990) as good
indicators of warm climatic episodes. Maximum
proportions of NAP are noted in the outcrop
sections, with a peak of Amaranthaceae pollen
(96% of the pollen sum) seen in the Chechen-Aul
section. Poaceae are dominant in the Etoka section.
In the lower Apsheronian (Ap1), high peaks of
Amaranthaceae and Poaceae pollen are indicative
of open herbaceous vegetation, probably
relating to cold and dry climatic conditions in
the foothills at a time when mountain glaciations
were known in the Caucasus (Kozhevnikov et al.
1977; Kozhevnikov, 1986). Climatic amelioration
is suggested in the upper part of the Apsheronian
(Ap2) by the increased presence of thermophilous
tree pollen in the Alexandria borehole (Maslova,
1960; Figure 6.3.1).
6.4.6. Regional vegetation changes
A comparison of the Akchagylian SPCs of the
Tersko-Sunzhensky area with the Caucasus
Mineral’nyye Vody (CMV) region has shown that
they display somewhat different elements of
arboreal type (Table 6.1). Judging from the SPCs in
the Tersko-Sunzhensky area, there is a dominance
of pollen from broad-leaved trees. In the SPCs from
the CMV region there is a predominance of pollen
from pine and forest-taiga forms (Naidina, 1990).
Reconstructions of the environments suggest that
the vegetation cover was directly related to the
climate. Broad-leaved oak forests predominated
during the Akchagylian of the Tersko-Sunzhensky
area, and it was apparently somewhat warmer
than in the CMV region where coniferous forests
dominated, with Tsuga and broad-leaved varieties.
In all probability, the observed differences are
due to topographic variations, resulting from
forests growing at different altitudes. This may
be related to the glaciation of the Greater
Caucasus (Kozhevnikov et al. 1977) which led to
the altitudinal limits for broad-leaved forest being
lowered. During the lower to mid-Akchagylian, the
floral composition of the SPCs in the CMV region
was similar to that described by Kovalenko (1971)
in the west and by Naidina (1999) in the east.
The results of the various pollen studies confirm
that there were not only altitudinal vegetation
belts during the lower to mid-Akchagylian, but
also that a well-defined series of vegetation zones
occurred from north to south over the area of the
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north Caspian region in the palaeo-Volga and
palaeo-Ural drainage basins. To the north, taiga
forest dominated (Kuznetsova, 1966) whereas
to the south-west, a treeless steppe landscape
persisted (Kovalenko, 1971). In the south, in the
North Caucasus region, the steppe was replaced
by forests of spruce and pine with areas of broadleaved forests in the lowlands of the Terek basin,
and by broad-leaved oak forests mixed with
conifers in the Caucasus foothills. The upper
Akchagylian and lower Apsheronian deposits were
characterised, on the whole, by treeless landscapes
due to an intensification of the continental climate
and an increasing aridity.

The Akchagylian flora includes genera of
geographical groups not found in the modern flora
of the region (Grichuk, 1982; 1989). There was a
change in generic structure of Akchagylian flora
and a reduction in the total number of genera.
Analysis of the dendroflora shows that during the
Akchagylian and the Apsheronian, there was a
succession of changes in the relationships between
the geographical elements of the flora (Figure 6.4).
Pan-holarctic

Ap1-2

American-Euroasiatic
AmericanMediterranean-Asiatic
American-East Asian

Ak3

East Asian

6.5. Discussion

The Oligocene epoch was a time of transition from
warm ’greenhouse’ to cold ‘icehouse’ conditions
in Central Eurasia following the desiccation of
the West Siberian Sea due to global sea level fall
and closure of the Turgai Seaway to the northeast of the present day Aral Sea (Akhmetiev
et al. 2012). These closures ended direct heat
exchange between the Tethyan and Arctic oceans
resulting in widespread glaciations (Akhmetiev
and Zaporozhets, 2014). The effects on the
flora of the region included the development
of the ‘Turgai flora’, a temperate deciduous,
mesophyllous broad-leaved and coniferous
forest type, which replaced the pre-Oligocene
‘sub-tropical’ forests. The cool temperate ‘Turgai
flora’ persisted throughout the Neogene but was
gradually replaced by other forest and non-forest
components. This replacement of the relict ‘Turgai
flora’ by warmer temperate elements during
the Neogene and then by colder elements in
the Pleistocene are significant events in the late
Cenozoic vegetation history of Central Eurasia.
According to the Biogeographical zonation of
the Russia (Nevesskaya et al. 1987), during the
Neogene the study area formed the boundary
between two floral regions: mixed European forests
and Mediterranean steppe. The development
of vegetation in the Plio-Pleistocene vegetation
was influenced less by the biological evolution of
plants, and more by their geographical distribution.
In the late Pliocene, several subtropical and tropical
elements disappeared and a more moderate,
temperate flora became established.

Ak2

Ak1

“Tersky”

6.5.1. Origins and evolution of the Akchagylian
flora

Figure 6.4. Ratio of phyto-geographical groups
observed in the Plio-Pleistocene dendroflora in the
North Caucasus study area. Ak1 = lower Akchagylian;
Ak2 = mid-Akchagylian; Ak3 = upper Akchagylian; Ap1-2
= lower and mid-Apsheronian.

The role of thermophilic elements decreased and
forests of mono-dominant temperate types became
established. The lower Akchagylian dendroflora
is represented by six geographical groups: panholarctic (Abies, Picea, Pinus, Juniperus, Salix,
Betula, Alnus, Myrica, Cornus, Rhamnus), AmericanEuroasiatic (Corylus, Fagus, Quercus, Ilex, Tilia,
Acer, Ulmus), American-Mediterranean-Asiatic
(Castanea, Juglans, Pterocarya, Zelkova, Celtis,
Rhus, Liquidambar), American-East Asian (Tsuga,
Carya, Nyssa, Liriodendron, Magnolia) and East
Asian (Keteleeria and Taxodiaceae). These arboreal
floras, made up mainly of broad-leaved taxa,
conifers and pine, including relicts from the ‘Turgai
flora’, indicate a warm temperate and relatively
humid climate at the time. Judging by the structure
of this dendroflora, the vegetation of the lower
Akchagylian has no direct analogues in the modern
vegetation of the Greater Caucasus (Klopotovskaya,
1973) and Pleistocene-Holocene vegetation of
the north Caspian region (Bolikhovskaya, 1995;
Bolikhovskaya and Kasimov, 2008.). Throughout
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the Akchagylian and the Apsheronian periods,
the floristic composition and vegetation cover of
the North Caucasus gradually changed. Forest
formations were replaced by steppe vegetation
in alternating phases of climatic humidification
and aridification, particularly during and after
the mid-Akchagylian. By the late-Akchagylian
and Apsheronian, only four geographical groups
are represented in the dendroflora, with relict
coniferous species absent.
6.5.2. Climate and Caspian Sea level change
The Pliocene (5.332-2.588 Ma) was the last time
when there is good evidence that climates were
significantly warmer than at present (Crowley,
1991). Although significant regional climate
variations during the Pliocene may have been due
to changes in orography and ocean circulation,
these changes do not appear sufficient to explain
inferred globally increased warmth (Crowley,
1991). There are two ways of explaining Pliocene
warmth: higher CO2 levels and/or higher levels
of ocean heat transfer (Crowley, 1996). According
to palynological data in the present study, a
noticeable change occurs in the ratio of basic
elements floral elements coinciding with the
beginning of the Akchagylian between 3.6 and 3.4
Ma. In the Mediterranean, the same time period
was marked by increased seasonality, humidity and
lower winter temperatures (Suc, 1984). During the
late Pliocene, there is a well-documented period
from ca. 3.2 to 2.8 Ma when global climates were
warmer than the present time and eustatic sea
levels were high, based on estimates from δ18
and Mg/Ca (Dwyer et al. 1995). This ‘Mid Pliocene
Warm Period’ has been extensively studied as an
analogue for current climate change and the strong
‘greenhouse warming’ predicted during the next 50
years (Dowsett and Poore, 1991; Leroy et al. 1999).
The warming identified towards the end of the
lower Akchagylian (ca. 3.2 Ma) in SPC-4 and SPC-5
probably relates to the ‘Mid Pliocene Warm Period’
and is the first evidence of this yet found in the
Caspian region.
In the mid-Akchagylian, extended distributions of
dark-coniferous tree species in the CMV region and
a reduction in thermophilic elements in the TerskoSunzhensky region suggest that there was a cooling
in climatic conditions. Coniferous forests with Tsuga
and broad-leaved taxa were well-developed in the
east of the northern Caspian Region (Kovalenko,
1971; Naidina, 1999) at this time. Two expansions
of steppe vegetation (SPC-6 and SPC-8) occur
within the mid-Akchagylian, and indicate a
change to a more arid climate at these times. The

beginning of the Apsheronian was characterised
by a further expansion of forest-steppe and steppe
landscapes, indicating an intensification of the
continental climate and increasing aridity. The
aridification in the later part of the Akchagylian
and Apsheronian in the North Caucasus coincides
to some extent with development of Artemisia
steppes during the northern hemisphere glacials.
Despite some variations seen in the pollen records,
major climatic changes between the upper
Akchagylian and Apsheronian are not clearly
evident (Naidina, 1999; 2014). This may be due
to the lack of a clearly defined boundary between
these early Pleistocene local stages, as has been
found by many researchers (Velichko et al. 2011).
The palaeo-Caspian Sea has undergone numerous
stages of expansion and contraction during the
Plio-Pleistocene (Yakhimovich, 1981; Zubakov and
Borzenkova, 1990; Svitoch, 2014), due mainly to
climatic factors that also influenced the vegetation
of the region. According to Sidnev (1985), the first
transgression occurred during the Kimmerian (early
Pliocene) with subsequent transgressions evident
in the Piacenzian (late Pliocene) and Gelasian
(early Pleistocene). In the middle part of the lower
Akchagylian, the treeless landscapes of the earliest
Akchagylian were replaced by forest at times of
transgression. The palaeo-Caspian again extended
to the north, north-east and west during the second
half of the mid-Akchagylian, when a general
cooling on the adjacent land led to the growth
of forest-taiga coniferous forests (Kuznetsova,
1966) (Figure 6.5). The zone of coniferous forests
shifted to the south over a considerable area of the
western part of the northern Caspian Region at this
time. Contractions of the palaeo-Caspian Sea basin
occurred several times during the Akchagylian,
related to episodes of decreased humidity.
Results of the pollen analyses show that during
transgressions of the Caspian Sea, the areas
occupied by forest expanded due to increased
humidity, whereas steppe and semi-desert
vegetation reflect more arid, continental climates
and correspond with periods of regression.
According to the pollen assemblages, the types
of vegetation cover varied from steppe during
periods of Caspian relative lowstand, to foreststeppe and forest during Caspian highstands. The
changing vegetation cover was determined by the
climatic fluctuations and variations in Caspian 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.
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Gauss

Matuyama

"Tersky
layers"

Ak1

Ak2

Ak3

Ap1

Ap2

steppe
Pinus forest and forest steppe

Pinus forest and forest steppe

SPC 2
SPC 1

SPC 3

SPC 4

Pinus forest with Picea, Ulmus,
Carpinus

Carpinus forest with Carya,
Pterocarya

Pinus -Picea forest and forest
steppe

steppe and semi-desert
Quercus forest with Carya,
Pterocarya
Mixed Quercus forest with
thermophilic relicts
Pinus forest with Picea, Quercus,
Ulmus
Pinus forest
steppe

SPC 8
SPC 7

SPC 6
SPC 5

Picea – Pinus forest with
Quercus, Alnus and Taxodiaceae

Quercus forest with Juglandaceae,
Fagus and Pinus
steppe and semi-desert
Mixed Quercus forest with Pinus,
Picea, Abies, Tsuga

Pinus forest with Quercus, Fagus
and Juglandaceae

Pinus and Betula forest with
steppe

SPC 9

SPC 10

steppe

SPC
Vegetation of the TerskoVegetation of the Dagestan
(Synthesized Sunzhensky region (Naidina, 1988) foothills region, after Maslova
Pollen
and this study
(1960)
Complex)
(no data)
Mixed forest with Pinus, Quercus,
Ulmus, Tilia and Carpinus

Table 6.1. History of vegetation development in the North Caucasus in the late Pliocene and early Pleistocene.

3.4

3.2

2.6

1.8

0.8

Age Magnetic Local
Stage
(Ma) Chron

Pinus forest, forest steppe and steppe

Picea -Pinus forest with Tsuga, with
participation of a Quercus, Ulmus, Carya

steppe / forest steppe

(no data)

Vegetation of the Caucasus Mineral'nyye
Vody region (Naidina, 1990) and this
study
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6.6. Conclusions
The beginning of the Akchagylian in the North
Caucasus region was synchronous with the
Gilbert/Gauss palaeomagnetic inversion. The first
significant climatic cooling occurred at around
3.6-3.4 Ma, and corresponds with an important
change in the main floral elements. A more
significant cooling at 2.6 -2.3 Ma, corresponds with
the beginning of the upper Akchagylian and the
Gauss/Matuyama palaeomagnetic inversion at the
end of the Pliocene.
Evidence from the pollen studies shows that
climatic warming occurred at around 3.2 Ma in the
North Caucasus, which coincides with a period
of warming in the southern Europe and the ‘Mid
Pliocene Warm Period’. This is the first evidence for
this event yet found in the Caspian region.

Coniferous and broad-leaved forests developed
at times of maximum Akchagylian transgression,
in response to cool temperatures and increased
humidity. Contractions of the palaeo-Caspian
Sea were associated with increased aridity
and the development of treeless landscapes.
Palaeogeographical analysis of the arboreal flora
shows that there was a successive reduction in the
proportion of thermophilic elements throughout
the Akchagylian.
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Abstract
New palynological, ostracod and foraminiferal data are presented from a long outcrop section in the
Jeirankechmez river valley, Azerbaijan, near the western coast of the Caspian Sea. The interval studied
includes the upper part of the Pliocene Productive Series and overlying Plio-Pleistocene Akchagylian
(Akchagyl) and Apsheronian (Apsheron) regional stages. The Productive Series was deposited in a closed
fluvio-lacustrine basin, isolated from any direct marine influence. The onset of Akchagyl deposition is
marked by a lithological change, associated with a significant flooding event that, at its maximum extent,
reached the Sea of Azov and into present day Iran, Kazakhstan, Turkmenistan and Russia.
Although the Akchagyl contains marine microfauna and microflora, palynology and ostracod data show
that the lowermost beds of the Akchagyl at the Jeirankechmez locality contain predominantly freshwater
assemblages and very minimal marine or brackish content. The initial flood (i.e. at the onset of Akchagyl
deposition) was not unequivocally a marine induced event. Reworked, mainly Mesozoic palynomorphs
occur frequently in this lowermost interval, including the pollen taxa Aquilapollenites-Triprojectus and
Wodehousia that were very probably eroded and inwashed from the north or north-east.
Significant marine influence is evident ca. 30 m above the base of the Akchagyl, marked by the
‘Cassidulina Beds’ which contain a distinct but low diversity assemblage of foraminifera that occurs widely
and can be correlated in many parts of the greater Caspian region. A critical re-assessment shows that the
dominant cassidulinid species is morphologically very close to Cassidulina reniforme, which commonly
occurs in arctic and boreal waters at the present time. However, re-examination of core material from
the Adriatic Sea shows, for the first time, that this species was also present in the Mediterranean, at
least during and after the Last Glacial Maximum. Biometric analyses are applied to obtain a better
understanding of the palaeoenvironmental significance of the assemblages dominated by cassidulinids.
The possibilities of a marine connection from the Arctic Ocean, or alternatively from the Mediterranean, to
the Caspian Sea are considered. Other possibilities include dispersal of foraminifera via incidental vectors
such as birds, aquatic fauna and ice-rafted debris.
An interval more than 300 m thick is assigned to the Apsheron stage on the basis of largely brackish
ostracod and dinoflagellate cyst (dinocyst) associations. The dinocysts are of ‘Peri-Paratethyan’ affinity and
most closely resemble species first described from Miocene sediments in the Pannonian Basin of Eastern
Europe. Many similarities exist in the microplankton records (dinocysts and acritarchs) between the
Caspian Sea, the Black Sea and central Paratethys and are reported for the first time.
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7.1. Introduction
The Caspian Sea is the largest lake in the world by
volume and surface area (Dumont, 1998). It is in
a constant state of flux, with fluctuations in water
level in the order of 100’s of metres occurring
throughout the Pleistocene (Yanina, 2013).
Because of the relatively flat topography in the
northern Caspian region, water level highstands
are associated with enormous expansions of the
sea surface area. The largest sea surface area of the
Caspian Sea in the Plio-Pleistocene was achieved
during the Akchagylian (Akchagyl) regional stage
(Nevesskaya et al. 2003), beginning around
three million years ago in the latest Pliocene
and continuing into the early Pleistocene. This
transgression was particularly significant in that it
occurred following a period, lasting more than two
million years, when the Caspian Basin was isolated
from the world’s oceans and non-marine, fluviolacustrine deposition occurred, predominantly
in the deeper South Caspian Basin (Reynolds
et al. 1998; Hinds et al. 2004). Later expansions
during the Apsheronian, Bakunian and younger
Pleistocene regional stages never stretched
as far inland as during the maximum Akchagyl
transgression (Svitoch, 2014).
Akchagyl sediments are generally described as
marine, and in most accounts (e.g. Jones and
Simmons, 1996; Svitoch, 2014; Alizadeh et al.
2016) are thought to have originated following a
rise in global sea levels during the late Pliocene
that raised the level of the Mediterranean Sea,
that subsequently flooded the Black Sea and then
over-spilled into the Caspian Sea to the north
of the Caucasus. Irrespective of its origin, this
marine influence is most evident in the so-called
‘Cassidulina Beds’ of the lower and / or middle
Akchagyl that have been documented in previous
biostratigraphic studies from Azerbaijan and
elsewhere. These beds are described as containing
an influx of calcareous benthonic foraminifera,
most often including species of Cassidulina in
association with Cibicides lobatulus (e.g. Agalarova
et al. 1940; Mandelstam et al. 1962; Yassini, 1986;
Jones and Simmons, 1996).
The sediments overlying the Akchagyl are most
often referred to as the Apsheronian (Apsheron)
regional stage and these are widely deposited
across Azerbaijan (Aliyeva and Kengerli, 2014) and
the wider Caspian region (Abdullayev et al. 2012).
Deposition of the Apsheron occurred during the
early Pleistocene in a closed brackish water basin
resembling the modern Caspian Sea (Svitoch,
2014).

Here we study the Akchagyl and Apsheron
fossil faunas (ostracods and foraminifera) and
floras (dinoflagellate cysts, pollen and other
palynomorphs) in a long and continuously exposed
outcrop record in the Jeirankechmez River Valley,
Gobustan region of Azerbaijan (Figure 7.1). The aim
of the study is to document the faunal and floral
changes that occurred in response to variations
in palaeoenvironmental conditions associated
with the Akchagyl transgression of the Caspian
Sea and subsequent Apsheron deposition. These
events occurred during the latest Pliocene to early
Pleistocene, at the time of the onset of northern
hemisphere glaciations. The study is underpinned
by a detailed age model (van Baak, 2015), the
details of which will be published separately.
Biostratigraphic data are used to designate the
Akchagyl and Apsheron intervals in this study, due
to the absence of a clearly defined lithological
boundary.

7.2. Regional stage nomenclature and previous
micropalaeontological studies
A long research history of micropalaeontological
and stratigraphic studies of the Akchagyl and
Apsheron stages, dating back to the 19th Century,
has resulted in bewildering array of correlation
schemes. Sediments attributed to the Akchagylian
(Akchagyl) regional stage in Azerbaijan were
first described by N. I. Andrusov in the early 20th
Century, and since then have been the subject of
much study and debate (see Jones and Simmons,
1996; Alizadeh et al. 2016 for further details).
Akchagyl sediments are widespread throughout
most of the Caspian region and extend beyond
the present day Caspian Sea area eastwards into
Kazakhstan and Turkmenistan (Ali-Zade, 1961;
Danukalova, 1996; Trubikhin, 1977), westwards
into Azerbaijan and Georgia (Agalarova et al.
1961; Shatilova et al. 2009), to the north into Russia
(Yakhimovich et al. 2000; Svitoch, 2014) and to the
south into Iran (Yassini, 1986). The name ‘Akchagyl’
is derived from the name of a locality in the coastal
region of Turkmenistan (Jones and Simmons,
1996). The sedimentary records typically comprise
grey, dark-grey and grey-blue weakly sandy clays,
and fine- to medium-grained sands, sandstones
and shell beds (Alizadeh et al. 2016). Interbeds of
volcanic ash and breccia also occur.
Akchagyl sediments have a characteristic faunal
content, with the lower boundary defined by the
appearance of ‘poor marine fauna’ (Alizadeh et
al. 2016) which includes the molluscs Avimactra
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Figure 7.1. Simplified geological map and location map showing the Jeirankechmez locality. The inset map
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subcaspia, Cerastoderma dombra / glaucum
and Potamides (Pirenella), the foraminifera
Cibicides and Cassidulina, and ostracods such as
Limnocythere and Loxoconcha (Danukalova, 1996)
(Figure 7.2) Not surprisingly, as Akchagyl sediments
extend over many thousands of square kilometres,
the faunal content varies significantly across the
region, leading to problems in correlation of
microfaunal assemblages and chronostratigraphic
calibrations. Additional complications have arisen
by using the original biostratigraphically defined
Akchagyl stage as a lithostratigraphic unit. As
such, a large number of different definitions of
boundaries and sub-divisions have been proposed
over time.

According to the Russian chronostratigraphic
scheme, Akchagyl sediments have ages of not
older than ca. 3.60 Ma and not younger than ca.
1.80 Ma (Nevesskaya et al. 2003), and therefore
fall within the late Pliocene (Piacenzian) to
early Pleistocene (Gelasian) and the Gauss and
Matuyama magnetic chrons (see Alizadeh et al.
2016; van Baak et al. 2013 for further details). A
three-fold sub-division for the Akchagyl in the
northern Caspian region is often used but is not
accurately time-constrained (e.g. Naidina and
Richards, 2016). Typical microfaunal associations
are described by Svitoch (2014), referring to earlier
work by Karmishina (1964) and others. Following
the scheme of Svitoch (2014), the lowermost
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Akchagyl (Ak1) contains foraminifera such as
Bolivina, Cassidulina and Elphidium as well as the
ostracod genera Leptocythere (now Amnicythere),
Loxoconcha, Limnocythere and Candona. The
middle Akchagyl (Ak2) contains the richest
microfaunal assemblages with increased numbers
of foraminifera and ostracods observed. Marine
fauna become diminished once again in the Upper
Akchagyl (Ak3) where ostracods predominate,
including Cyprideis littoralis (= C. torosa; Kempf,
2017), Limnocythere pliocenica, L. tenuireticulata
and Eucythere naphtatscholana, interpreted as a
response to reduced salinity. Svitoch (2014) assigns
the Plio-Pleistocene (2.58 Ma Gauss-Matuyama)
boundary within the middle Akchagyl (Ak2).
In the central and southern regions of the Caspian
region, Rozyeva (1966), referring to Ali-Zade (1961),
also indicated that a three-fold sub-division of the
Akchagyl Formation was possible on the basis of
ostracods in Turkmenistan. Numerous species of

Candona and Limnocythere were recorded from
the lower sub-division. In addition, the foraminifera
Cassidulina and Cibicides lobatulus were recorded.
These foraminifera were first recorded in the lower
Akchagyl by Agalarova et al. (1940) and have
subsequently been found in many localities in the
greater Caspian region (e.g. Yassini, 1986; Alizadeh
et al. 2016). Rozyeva (1966) describes the middle
sub-division of the Akchagyl in Turkmenistan as
being thin and poorly fossiliferous, and the upper
sub-division as being characterised by numerous
species recorded as Leptocythere (which do not
occur below) and by Loxoconcha eichwaldii,
Cytherissa (=Eucythere) naphtatscholana as well as
Limnocythere spp. and Candona spp.
For Azerbaijan, Mandelstam et al. (1962) presented
a similar sub-division based on ostracods. These
authors formalised the sub-divisions into a lower
Eucypris puriformis zone, a middle unnamed
interval and an upper Leptocythere zone. It is also
interesting to note that a comparable LoxoconchaLeptocythere-Cytherissa-Limnocythere assemblage
is described by Svitoch (2014) but attributed to
the Apsheron rather than Akchagyl. According to
Aliyeva and Kengerli (2014), the mud-prone lower
Akchagyl typically contains freshwater ostracods,
with Cyprideis torosa (brackish) predominant in the
more sandy mid-Akchagyl. The Upper Akchagyl
characteristically comprises alternating grey and
brown sandy shales with interbeds of sandstone
and volcanic ash, and contains brackish water
ostracods.
It is clear from the overlapping and variable nature
of these assemblages that the true relationship
relative to lithostratigraphic units, and therefore
also time, remains open to question.

7.3. Section description
The data used in this study are derived from a
continuous outcrop of ca.1600 m in thickness
exposed along the Jeirankechmez River, in the
Gobustan region of Azerbaijan, around 50 km to
the south-west of Baku. The base of the section is
located at grid point 40.237771° N, 49.365299° E.
The lowermost part of the studied section consists
of more than 750 m of fluvio-deltaic sandstones
and brown, silty clays of the Pliocene Productive
Series. This is overlain by an interval of more than
800 m of light-grey and yellow-brown marls that,
based on field characteristics, are attributed to the
Akchagyl and Apsheron regional stages. There is,
however, no obvious stratigraphic break visible
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within the outcrop that can be used to assign
the Akchagyl-Apsheron boundary. Organic-rich

(sapropel) layers of up to 1 m thick occur at three
levels: 897 m, 940 m and 990 m (Figure 7.3).
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Figure 7.3. Field photographs and lithostratigraphic summary of the Jeirankechmez locality: A) fluvio-deltaic
sediments of the Pliocene Productive Series (see person for scale); B) overview of the outcrop section, the
dashed line showing the lithological change from the olive-brown Pliocene Productive Series to the mainly grey
silty clays with ash layers of the Akchagyl and Apsheron (latest Pliocene to early Pleistocene); C) freshwater,
brackish to ‘semi-marine’ Apsheron sediments (early Pleistocene) showing black, organic-rich layers (samples
BL1, BL2 and BL3). D) overview of the uppermost (presumed Apsheron) section of the Jeirankechmez outcrop
(not included in the present study) (see person for scale). Outcrop photographs by Chris van Baak.
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For the SEM palynological preparations,
approximately 0.5 ml of residue was mixed with
distilled water in a plastic Petri dish. Specimens
were isolated with a glass micropipette using
an inverted microscope and washed in distilled
water. Clean specimens were then mounted on
a Cambridge aluminium stub and sputter coated

Six distinct intervals can be recognised in the
studied section based on microfauna (ostracods
and foraminifera). These are assigned as Zones
JM (JM = Jeirankechmez Microfauna) 1 to 6, all of
which coincide with CONISS clusters (Figure 7.4).

Total Dispersion

Microfaunal biozones
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Other ostracods
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1125

1100
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1025
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Samples for palynology were processed without
oxidation using cold HCl (20%) and cold HF (40%)
with residues sieved using 10 µm mesh sieve cloth.
Counts were made of all palynomorphs i.e. pollen
grains, spores, algae, non-pollen palynomorphs
(NPP) and dinocysts, including reworked taxa. A
minimum sum of 200 palynomorphs was obtained
in most cases, except where palynomorph recovery
was much reduced in sandy or otherwise lessfossiliferous lithologies. Pollen identifications
were made primarily with reference to north-west
European and Russian pollen floras (e.g. Bobrov
et al. 1983; Kuprianova and Alyoshina, 1972,
1978). Dinoflagellate cysts (dinocysts) and nonpollen palynomorphs (NPP) were identified from
numerous sources including Bakrač et al. (2012),
Baltes (1971), Evitt et al. (1985), Marret et al. (2004),
Mudie et al. (2011) , Mudie et al. (in press), Richards
et al. (2014, 2017), Soliman and Riding (2017),
Sütő-Szentai (1982, 2010, 2011) and Wall et al.
(1973). Biostratigraphic zonations are constrained
by CONISS cluster analysis (Grimm, 1987) using
StrataBugs® v.2.1.

7.5.1. Biostratigraphic results from
Jeirankechmez
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For microfossils, each sample was washed through
a 125 µm sieve and the residue dried at 100 ºC with
quantitative counts then made of each species.
Identifications and environmental interpretations
for ostracods are based on numerous sources
including Agalarova et al. (1961), Athersuch et al.
(1989), Boomer et al. (2005, 2010), Mandelstam
et al. (1962), Meisch (2000), van Baak et al. (2013),
Stoica et al. (2016) and Daniel (2013).

7.5. Micropalaeontology

750

JM 3B

JM 2

775
PS

Sixty-four samples were analysed for microfossils
(ostracods, molluscs and foraminifera) and
palynology from the Akchagyl (including the
boundary with the underlying Productive Series)
and presumed Apsheron intervals from the
Jeirankechmez locality. Samples referred to in the
text are indicated by their relative stratigraphic
position (i.e. elevation in metres) within the outcrop,
followed by the sample reference (e.g. 1140.98 m,
JE146). A small sample set was also studied from
Lokbatan, an outcrop section on the Apsheron
Peninsula, to the south-west of Baku.

with gold/palladium (Polaron E5100). Specimens
of ostracods and foraminifera selected for SEM
preparations were hand-picked from dried
processed residues.

Elevation (m)

7.4. Materials and methods

JM 1

Figure 7.4. Summary of microfaunal data showing
principal groupings of ostracods and relative
abundances of foraminifera. Microfaunal zones are
constrained by CONISS clustering.
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Samples studied from the Productive Series
(assigned as Zone JM-1) were mostly poorly
fossiliferous and of little interpretive value, except
for the presence of a single specimen of the
ostracod Cyprideis torosa and a sparse, reworked
foraminiferal assemblage. Zones JM 2 to 6 occur
within the Akchagyl to Apsheron intervals and
are described below. A ‘black shale’ sample from
897.28 m (BL1) was barren of microfauna and
is not included in the microfaunal zonation. A
detailed summary of the microfauna recorded
is shown in Appendix 7.1 (a & b). Representative
SEM photomicrographs of microfauna are shown
in Plate 7.1 (foraminifera) and Plates 7.2, 7.3, 7.4
and 7.5 (ostracods). It should be noted that the
illustrations of ostracods are of specimens from
a duplicate set of samples and therefore contain
some species which were not identified in the
principal section analysed.
7.5.1.1. Zone JM-2: 770.58 m (JE028) – 793.48 m
(JE038)
Two samples from this interval yielded good
ostracod assemblages which are characterised
by the presence of Limnocythere, including L.
alveolata and L. luculenta.
A few juvenile specimens of Eucythere
naphtatscholana were recovered from one
sample only (774.48 m, JE030). Otherwise, the
assemblages contain undifferentiated species
of Loxoconcha, candonids and various smooth
ostracods. Rare calcareous benthonic foraminifera
were recorded including specimens of Ammonia
(774.48 m, JE030; 789.83 m, JE036), Elphidium
and Spirillina (both at 789.83m, JE036). Six of the
studied samples contained no microfauna.
7.5.1.2. Zone JM-3: JM-3A: 797.88 m (JE039) –
813.18 m (JE045)
Ostracod faunas do not change significantly
from the underlying interval with Limnocythere
(including L. tschaplyginae) and Loxoconcha
(including rare L. eichwaldii) present at the base
of the interval. Agalarova et al. (1961) assigned L.
tschaplyginae to the Akchagyl and Mandelstam et
al. (1962) recorded this species only in the lower
part of the Akchagyl (in their Eucypris puriformis
zone). Undifferentiated smooth ostracods and
fragments of valves also occur. The main feature of
this interval is the significantly increased presence
of benthic foraminifera particularly Cassidulina
reniforme / obtusa in association with Cibicides
lobatulus (including related morphotypes / subspecies) and Hanzawaia. This assemblage is
present in most samples studied between 797.88
m (JE039) and 813.18 m (JE045). Other benthonic

foraminifera occurring sporadically include
species of Ammonia and Elphidium and several
undifferentiated calcareous forms.
7.5.1.3. Zone JM-3: JM-3B: 815.68 m (JE046) 833.98 m (JE054)
This interval is characterised by reduced
microfaunal recovery in most samples. Five
samples are barren. Sample 825.48 m (JE049)
is an exception and contains abundant smooth
ostracods (probably cyprids), common Eucythere
naphtatscholana and a single Loxoconcha
eichwaldii. Undifferentiated bivalves also occur
rarely. Foraminifera are absent except for several
specimens of Ammonia (829.48 m, JE052) and
undifferentiated calcareous benthonic taxa (833.98
m, JE054).
7.5.1.4. Zone JM-4: 835.98 m (JE055) – 883.98
(JE074)
This interval is marked by increased recovery of
ostracods. At the base of the zone, numerous
species of Amnicythere including many tuberculate
/ noded forms referable to A. andrusovi, A. picturata
and A. saljanica were recorded, although these may
be morphological variants of the same species.
Leptocythere verrucosa occurs at and above
842.23 m (JE059) and Eucythere naphtatscholana is
common or abundant in most samples. Loxoconcha
eichwaldii increases in numbers towards the
top of the zone, above 855.48 m (JE064). Zone
JM-4 contains fewer foraminifera relative to the
underlying section. These are limited to several
specimens of Ammonia (recorded at 835.98 m,
JE055; 838.68 m, JE057 and 852.00 m, JE063),
other sporadic occurrences of foraminifera
(including rare planktonics) being considered as
reworked.
7.5.1.5. Zone JM-5: 913.38 m (JE084) - 1019.08
m (JE124)
This zone is characterised by a continuation
up-section of common or abundant Eucythere
naphtatscholana and Loxoconcha eichwaldii.
Caspiolla (= Camptocypria; see Spadi et al. in
prep.) spp. and Cytherissa bogatschovi occur at
and above 913.38 m (JE084) and 936.78 m (JE094)
respectively. The latter species (which is easily
identified and therefore not in doubt) is recorded
as an Apsheron or younger taxon by Agalarova
et al. (1940, 1961) and Mandelstam et al. (1962).
Undifferentiated species of Limnocythere occur
sporadically throughout. A black shale sample from
940.28 m (BL2) was devoid of microfauna whereas
a similar sample from higher in the section (989.28
m, BL3) yielded poor ostracods fauna and rare
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Plate 1

Plate 7.1. Scanning Electron Microscope images of Cassidulina specimens from fossil Azerbaijan, Caspian Sea:
1. LOK2; 2. LOK2; 3. JE-39; 4. JE-39; and sub-fossil Svalbard, Arctic Ocean: 8. JM10-03B-GC 91-92cm; 9. JM1003B-GC 91-92cm; 10. JM10-03B-GC 91-92cm; 11. JM10-03C-GC 90-91cm.

bivalves (Dreissena). Foraminifera including rare
Ammonia and single specimens of Cassidulina
reniforme / obtusa and Cibicides lobatulus
were recorded at 959.08 m (JE104) but may be
reworked.
7.5.1.6. Zone JM-6: 1056.98 m (JE129) – 1140.98
m (JE146)
Above 1056.98 m (JE129) the ostracod
assemblages contain maximum abundances
of leptocytherids with species of Loxoconcha
and undifferentiated smooth ostracods also
common or abundant. Cytherissa bogatschovi
and Xestoleberis spp. are consistently present
(and sometimes common) higher up the section
(above 1082.98 m, JE134). Peak abundances
of Eucythere naphtatscholana occur between
1082.98 m (JE134) and 1105.98 m (JE139). Isolated
specimens of Mediocypris apatoica are also
present. Tyrrhenocythere azerbaijanica makes its
first consistent appearance up-section at 1056.98
m (JE129) and Euxinocythere (Leptocythere)
multituberculata at 1082.98 m (JE134): both
of these species are characteristic of the lower
Apsheron according to Aliyeva and Kengerli (2014).
Foraminifera include rare specimens of Ammonia
(1056.98 m, JE129 and 1105.98 m, JE139) and
Cassidulina reniforme / obtusa (1056.98 m, JE129)
which may be reworked. Undifferentiated bivalves
are periodically common to abundant.

7.5.2. Palaeoenvironmental significance of the
Cassidulina / Cibicides foraminiferal
assemblage
As described in section 7.5.1.2, an interval
containing frequent calcareous benthonic
foraminifera occurs within the studied outcrop
sections at Jeirankechmez and Lokbatan. A large
number of specimens of the genus Cassidulina
dominate the assemblage, and the interval can
be confidently assigned to the ‘Cassidulina Beds’,
as described in previous publications. These
Cassidulina specimens from the Akchagyl of the
Caspian Sea have been previously determined as
C. aff. crassa (Agalarova et al. 1940) or C. ex gr.
crassa (Agalarova et al. 1961). The assemblage
recorded in the present study also contains
numerous specimens of the foraminifera Cibicides
lobatulus and Hanzawaia sp. Neither Cassidulina
or Cibicides lobatulus are known to occur in the
Caspian Sea at present time, and have not been
recorded there in the more recent Pleistocene
(Yanko-Hombach, 2014). Several species of
Cassidulina occur at the present time in the
Marmara Sea, namely C. carinata (Silvestri), C.
crassa (d’Orbigny) and C. laevigata (d’Orbigny),
recorded by Kaminski et al. (2002). Further records
of C. carinata, C. crassa, C. minuta (Cushman) and
C. obtusa (Williamson) in the Marmara Sea are
reported by Kirci-Elmas and Meriç (2016). There
are no known contemporary records of Cassidulina
in the Black Sea (WoRMS Editorial Board, 2017;
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Plate 7.2. Scanning electron photomicrographs of Akchagylian and Apsheronian ostracods from Jeirankechmez
section - Azerbaijan (LV - left valve, RV -Plate
right 2
valve, JE 0xx - micropalaeontological samples):1-4. Candona
(?Caspiocypris) candida (Livental). ; 1. LV, external view, JE100; 2. RV, external view, JE100; 3. LV, external view,
JE095; 4. LV, internal view. 5, 6. Candona aff. combibo Livental.; 5. LV, external view, JE057; 6. Carapace, view
from RV, JE057; 7-9. Camptocypria acronasuta (Livental); 7. Lv, external view, JE080; 8. RV, external view, JE112;
9, LV, internal view, JE112. 10-12. Candona (Typhlocypris) gracilis Livental; 10. LV, external view, JE103; 11. Rv,
external view, JE118; 12. RV, external view, JE103. , 12. Ilyocypris bradyi G. Sars, LV, external view, JE112. 14.
Eucypris sp., RV, external view, juvenile, JE29.
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Plate 7.3. Scanning electron photomicrographs
Plateof3Akchagylian and Apsheronian ostracods from Jeirankechmez
section - Azerbaijan (LV - left valve, RV - right valve, JE 0xx - micropalaeontological samples): 1-4. Limnocythere
tschaplyginae Suzin; 1, 3. LV, external view, JE39; 2. RV, external view, JE41; 4. RV, internal view, JE41. 5-8.
Limnocythere alveolata Suzin; 5,7. LV, external view, JE36; 6. RV, external view, JE36; 8. RV, internal view, JE36.
9-11. Limnocythere luculenta Livental; 9. LV, external view, JE41; 10. RV, external view, JE39; 11. RV, internal
view, JE41. 12-14. Eucythere naphtatscholana (Livental); 12. LV, external view, JE95; 13. RV, external view,
JE95; 14. RV, internal view, JE60. 15-17. Cytherissa bogatschovi (Livental), RV, external views; 15. JE95; 16.
JE98; 17. JE91. 18, 19. Cyprideis ex. gr. torosa (Jones); 18. LV, external view, JE91; 19. RV, external view, JE91.
20, 21. Tyrrhenocythere azerbaijanica (Livental); 20. LV, external view, JE111; 21. RV, external view, JE129.
22. Tyrrhenocythere bailovi (Livental) in Mandelstam et al. 2, LV, external view, JE129. 23. Tyrrhenocythere
donetziensis (Dubowsky) or ?amnicola (Sars), RV, external view, JE91.
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Yanko, 1990). Cibicides lobatulus, however, is a
widely ranging species and is known to occur in the
Black Sea (Yanko, 1990).
The Mediterranean and adjacent seas have
documented occurrences of C. crassa (Jorissen,
1987; 1988). Furthermore, a reanalysis of Adriatic
Sea core IN68-21, sampled at a present-day water
depth of 252 m (see details in Jorissen et al. 1993)
showed the presence of C. reniforme (Nørvang) in
the late Pleistocene, in an interval dated between
ca. 19840 to 14010 cal. yr BP (σ2 calibrated range
using marine 13.14c calibration curve). According
to Sejrup and Guilbault (1980), C. reniforme prefers
cold, arctic waters (with a mean July temperature
of 10°C or less) or occurs in strata deposited
under arctic conditions. The species occurs most
frequently in cold arctic and cool temperate
water biomes, as defined by Dinter (2001). It may
also be a dominant faunal component in fjord
environments proximal to glaciers (Korsun et al.
1995). Preliminary observations of the Caspian
specimens in our study indicate a close similarity
with C. reniforme, although work is currently
ongoing to validate that assignment by SEM
examinations of the toothplate detail.
Korsun et al. (1995) performed a size analysis
of C. reniforme and showed that its average
maximum diameter (AMD) was significantly higher
in open marine sediments from the western
Barents Sea (194-207 µm) than in glaciomarine
fjord sediments from Spitsbergen (148 µm) and
Novaya Zemlya, offshore northern Russia (169 µm).
Therefore, in order to obtain more insight in the
palaeoenvironmental significance of the Caspian
Cassidulina assemblages, we have performed
comparative morphometric analyses using material
from the Jeirankechmez and Lokbatan study sites
in the Caspian Sea and in a gravity core JM-10XX,
taken at Widefjord, northern Svalbard, in the Arctic
Ocean (Figure 7.5). For further comparison, we
have also included size data for the specimens
of C. reniforme newly reported in core IN6821 from the Adriatic Sea. Results, as one might
expect with a rather conservative form of a biserially enrolled benthic foraminifer Cassidulina,
show a fairly constant ratio between maximum
and minimal test diameter, but clearly show size
differences within the investigated species and
assemblages (Figure 7.6A). We note that the size
distribution of the contemporary arctic material
(Widefjord, AMD = 222 µm) is consistent with the
description of Sejrup and Guilbault (1980) from
St Lawrence Valley, Canada (225 µm) and with
the open marine material from the Barents Sea

(194-207 µm) described by Korsun et al. (2005).
However, the material from the Caspian study sites
is typically smaller (AMD = 199 µm at Lokbatan,
201 µm at Jeirankechmez), and smaller again in
the Late Glacial Adriatic Sea material (AMD = 181
µm). These values are comparable with, although
somewhat larger than, those reported by Korsun
et al. (2005) for specimens in proximal glaciomarine sediments from Spitsbergen (148 µm) and
Novaja Zemlja (169 µm). The tendency for smaller
size could be due to reduced growth in suboptimal conditions. Similarly, Haynes (1973) found
very small specimens of C. reniforme (maximum
diameter 130 μm) in Cardigan Bay, Wales, where
the species is clearly outside it preferred range due
to low salinity and relatively high temperature. It
appears probable that the relatively small size of
specimens obtained from the Jeirankechmez and
Lokbatan outcrops shows that they have survived in
sub-optimum conditions.
In previous studies, Cassidulina species have often
been considered as opportunistic (e.g. Nees and
Struck, 1999). Kaminski et al. (2002) describe C.
carinata as a ‘pioneering species’ which can initially
colonise a barren substrate in large numbers.
For example, C. carinata appeared to have an
opportunistic response to phytodetritus deposits at
a 550 m deep site in the Bay of Biscay (Fontanier et
al. 2013), whereas small specimens of this species
strongly dominated benthic foraminiferal faunas in
a 640 m deep submarine canyon site (Hess et al.
2005). C. carinata also strongly dominated (50%)
the faunas in several Late Glacial samples from core
IN68-16 (present water depth 194 m, see Jorissen
et al. 1993), confirming its opportunistic tendency
in coastal cold water environments with substantial
fresh water input, possibly in combination with
a high organic matter input. C. reniforme also
appears to be particularly tolerant to these
conditions.
In view of our new data, the possible occurrence of
the northern C. reniforme in the Caspian Sea area
does not necessarily imply that the faunas collected
at Jeirankechmez and Lokbatan originate from
arctic latitudes. Because of the presence of this
species in the central Adriatic in Late Glacial times,
an introduction originating from a Mediterranean
source area cannot be excluded. Further
investigations on these questions are ongoing.
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Figure 7.5. Map showing the principal catchment areas of the Black Sea (light green) and Caspian Sea (greyblue) drainage basins interpreted for the latest Pliocene to earliest Pleistocene. The yellow dot is the approximate
position of the Jeirankechmez study site, the green star shows the position of the JM-10XX gravity core site at
Widefjord, northern Svalbard, the yellow star is the Novaya Zemlya locality, northern Russia and the red star is
the position of the IN68-21 core, Adriatic Sea. Areas in bright blue show the approximate maximum extent of
the Akchagylian Caspian Sea transgression (and open marine water in the Mediterranean and Atlantic Ocean) at
around the time of the Plio-Pleistocene boundary. The dotted blue lines show possible pathways for a connection
from the Arctic Ocean to the Caspian Sea.

7.6. Palynology results
Previous palynological studies of the late Pliocene
to early / middle Pleistocene of the Caspian
Sea region (e.g. Filippova, 1997; Naidina, 1999;
Yakhimovich et al. 2000; Naidina and Richards,
2016) are essentially pollen and spore based.
These, therefore, give limited interpretations in that
they relate to terrestrial vegetation and any inferred
environmental or climatic changes. The present
study is the first to present detailed palynological
records over an extended outcrop interval that
includes the Plio-Pleistocene boundary. It includes
pollen and spores as well as other palynomorph
groups such as algae, acritarchs and dinocysts, and
therefore provides information regarding change
within the aquatic realm. Reworked taxa, which
give an indication of sediment provenance and
depositional processes, were also recorded.
Several distinct palynological associations occur
in the Upper Productive Series, Akchagyl and
Apsheron intervals studied, which are assigned
to Zones JP-1 to JP-5 (JP = Jeirankechmez
Palynology), based on overall palynomorph

composition. All of the JP zones and sub-zones
match CONISS clusters (Figure 7.7). Assemblages
are composed of pollen and spores, freshwater
or brackish algae, dinocysts and various reworked
components; the latter are predominantly of
Mesozoic origin, with Cenozoic (mainly Paleogene)
and Paleozoic forms also present rarely. The
most frequent taxa are microplankton, especially
dinocysts, acritarchs and algae. Taxonomic notes
for some of these are given in section 7.9.3.
Several of the dinocysts recorded have affinity
with taxa originally described from Miocene
sediments in Central Paratethys, particularly the
Pannonian Basin. These dinocysts are referred to
in this text as of ‘Peri-Paratethyan’ affinity using
the palaeobiogeographic entities documented
by Neubauer et al. (2015). Microforaminiferal test
linings occur but account for 1% or less of the total
palynoflora. Recovery of contemporary pollen is in
general quite low, with counts of >100 obtained
in most samples, which is not sufficient for reliable
interpretations of palaeo-vegetation. A summary
of palynological data is shown in Figure 7.7 and
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Plate 7.4. Scanning electron photomicrographs of Akchagylian and Apsheronian ostracods from Jeirankechmez
section - Azerbaijan (LV - left valve, RV - right valve, JE 0xx - micropalaeontological samples):1-3. Amnicythere

Plate 4
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Plate 7.4. (continued) aff. andrusovi (Livental); 1. LV, external view, JE68; 2. Rv, external view, JE68; 3. LV, internal
view, JE75. 4-6. Amnicythere aff. saljanica (Livental); 4. LV, external view, JE57; 5. RV, external view, JE57; 6. RV,
internal view, JE57. 7-12. Amnicythere aff. palimpsesta (Livental) 7. LV, external view, JE64; 8,9 RV, external views,
JE64; 10. LV, external view, JE64; 11. RV, external view;11, JE57; 12. internal view, JE57. 13-16. Amnicythere aff.
normalis (Livental); 13, 15. LV, external views, JE71; 14, 16. RV, external views, JE71. 17, 18. Amnicythere aff. saluta
(Livental) 1; RV, external views; 17. JE93; 18. JE91; 19, 20. Leptocythere aff. gubkini 19. RV, external view, JE 60;
20. LV, external view, JE103. 21, 22. Leptocythere aff. gubkini (Livental) or L. bona Stepanajtis in Agalarova; 21.
LV, external view, JE38; 22. LV, external view, JE41. 23. Amnicythere aff. nata Markova, RV, external view, JE103.
24. Amnicythere quinquetuberculata (Schweyer) , LV, external view, JE118. 25. Amnicythere propinqua (Livental)
or A. cymbula (Livental), RV, external view, JE112. 26. Amnicythere bicornis Livental, RV, external view, JE71.
27. Amnicythere ?quadrituberculata (Livental) or A. verrucosa Suzin, RV, external view, JE111. Euxinocythere
(Maeotocythere) aff. bosqueti (Livental) or Callistocythere celula (Livental), LV, external view, JE102.
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Plate 7.5. Scanning electron photomicrographs of Akchagylian and Apsheronian ostracods from Jeirankechmez
section - Azerbaijan (LV - left valve, RV - right valve,
JE 0xx
Plate
5 - micropalaeontological samples):
1-4. Loxoconcha eichwaldii Livental; 1,3. LV, external view, JR58; 2. RV, external view, JE57; RV, internal view, JE75.
5-8. Loxoconcha babazananica Livental; 5. LV, external view, JE94; 6. RV, external view, JE97; 7. LV, external view,
JE55; 8. RV, internal view, JE94. 9-12. Loxoconcha petasus Livental; 9, 11. LV, external views, JE109; 10. RV, external
view, JE108; 12. RV, internal view, JE109. 13-16. Loxoconcha assimulata Livental; 13, 15. LV, external views, JE39;
14. RV, external view, JE39; 16. RV, internal view, JE52.
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Figure 7.6.
Maximum test diameter, μm
A) Comparative morphometric analyses of maximum and minimum test diameters of: i) fossil Cassidulina
specimens (identified as possible Cassidulina reniforme specimens) from sites JE-39 (grey squares, dashed
grey regression line of R2 = 0.915 and LOK2 (black infilled triangles, solid black regression line, R2 = 0.292) from
Jeirankechmez (this study); ii) arctic sub-fossil Cassidulina reniforme specimens from the site JM-10-03 from
Widefjord, Svalbard (black circles, short-dashed black regression line, R2 = 0.724); iii) sub-fossil Cassidulina
reniforme specimens from core IN68-21 taken in the Adriatic Sea (diamonds, long-dashed black regression line,
R2 = 0.948). Minimum, mean and maximum diameters shown are according to data from Sejrup and Guilbault
(1980).
B) Comparative morphometric analyses of maximum test diameters and aperture lengths of: i) fossil Cassidulina
specimens (identified as possible Cassidulina reniforme specimens) from sites JE-39 (grey squares, dashed
grey regression line of R2 = 0.465 and LOK2 (black infilled triangles, solid black regression line, R2 = 0.218) from
Jeirankechmez (this study); ii) arctic sub-fossil Cassidulina reniforme specimens from the site JM-10-03 from
Widefjord, Svalbard (black circles, dashed black regression line, R2 = 0.476); iii) sub-fossil Cassidulina reniforme
specimens from core IN68-21 taken in the Adriatic Sea (diamonds, long-dashed black regression line, R2 =
0.905).
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Figure 7.7. Summary of palynology data from the Jeirankechmez locality with zones constrained by CONISS
clustering. Abundances shown are recorded counts. Not all taxa are included.
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the quantitative distributions shown in Appendix
7.2 (a & b). SEM and LM (Light Microscope)
photomicrographs of key taxa are shown in Plate
7.6 and Plate 7.7.
7.6.1. Zone JP-1: 765.83 m (JE024) – 771.48 m
(JE029)
Samples studied from the uppermost part of
the Productive Series and lowermost part of the
Akchagyl are assigned to Zone JP-1. The main
feature in this interval is the common or abundant
presence of freshwater algae (mainly Pediastrum
and Botryococcus). Brackish tolerant algae also
occur including Tasmanites and Pterospermella.
Acritarchs also occur commonly, with high numbers
of Mecsekia ‘orientalis’ (sensu Sütő-Szentai) (see
section 7.9.3 and Plate 7.6, Figs 7–9), consistent
Mecsekia incrassata and Cymatiosphaera (Plate
7.6, Fig. 10) recorded. Algal frequencies are
highest in sample JE28 (770.58m) which is
composed of laminated mudstone sediments and
contains abundant Botryococcus and Pediastrum.
The pollen elements are made up mainly of
non-arboreal pollen (NAP) such as Asteraceae
and Poaceae, with Alnus the most common of
the arboreal pollen (AP) component. Marine
dinocysts are present rarely and include mainly
single occurrences of Islandinium minutum,
Operculodinium centrocarpum and Lingulodinium
machaerophorum. A key feature of this interval is
the low proportion of reworked forms although
two specimens of Aquilapollenites - Triprojectus
pollen (range Late Cretaceous to Paleogene) were
recorded.
7.6.2. Zone JP-2
7.6.2.1. Sub-zone JP-2A: 774.48 m (JE030) –
789.83 m (JE036)
Sub-zone JP-2A is characterised by a large increase
in reworked taxa evident above 774.48 m (JE030).
The most frequent of the reworked forms is
Classopollis, a Mesozoic gymnosperm pollen type
(range Mid-Cretaceous to Triassic) which co-occurs
with many other typical Mesozoic pollen, spores
and dinocysts. In addition, reworked specimens
of Aquilapollenites - Triprojectus occur rarely.
Contemporary pollen and spores are not common
but include moderate numbers of Pinus and mainly
single occurrences of other AP taxa including
Alnus, Betula, Carpinus, Quercus and Tsuga. NAP
includes pollen of Poaceae and Asteraceae, with
Artemisia and Amaranthaceae pollen notably
increased at 777.98 m (JE031). Freshwater algae
are reduced relative to the interval below, whereas
numbers of dinocysts are increased, including

a peak occurrence of a cyst referred to as cf.
Lingulodinium / Operculodinium (see section 7.9.2)
at 784.18 m (JE034).
7.6.2.2. Sub-zone JP-2B: 792.18 m (JE037) –
818.68 m (JE047)
This interval is characterised by a low-diversity
but unique dinocyst assemblage that has not
previously been documented. The main feature is
the common and locally abundant presence of cf.
Lingulodinium / Operculodinium (Plate 7.6, Figs. 14) with an abundance peak recorded at 807.00 m
(JE043). An increased presence of Operculodinium
centrocarpum (Plate 7.6, Figs. 5-6) occurs at and
above 793.48 m (JE037) which coincides with
the presence of foraminiferal test linings (rare
but consistent) and cysts of Pentapharsodinium
dalei (rare). Other dinocysts present in low
numbers include Lingulodinium machaerophorum,
Islandinium minutum, undifferentiated species of
Spiniferites (Plate 7.6, Fig. 13) and Impagidinium.
Algae (e.g. Pediastrum and Botryococcus) are
present but less frequent than in the interval below,
except for a peak in Pterospermella at 818.68 m
(JE047). The pollen records show increases in the
numbers of AP present. These are mainly from
conifers such as Pinus, Picea, Abies and Tsuga.
Broad-leaved taxa represented include Alnus,
Ulmus and Carya. Taxodiaceae pollen is also
present in low numbers but could be part of the
reworked component. Unquestionably reworked
forms occur frequently, making up almost 50%
of total palynoflora in some samples. The most
prevalent of the reworked pollen is Classopollis
with specimens of Mesozoic restricted spores
(e.g. Callialasporites dampieri) and dinocysts also
present. Pollen reworked from high latitude Late
Cretaceous to Paleogene sediments was again
recorded rarely, including single specimens of
Wodehousia at 799.58 m (JE040) and 815.68 m
(JE046).
7.6.3. Zone JP-3
7.6.3.1. Sub-zone JP-3A: 821.50 m (JE47*) 833.98 m (JE054)
The palynoflora in this interval is similar to that
immediately below (JP-2B) except for large
increases in the dinocyst Batiacasphaera (above
821.50 m, JE047*) and the acritarch Mecsekia
‘orientalis’ (sensu Sütő-Szentai) (above 822. 68 m,
JE048). Dinocysts include mainly cf. Lingulodinium
/ Operculodinium and reworked components
continue to be common.
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Plate 7.6. Scanning electron photomicrographs of dinocysts and acritarchs: 1-4 cf. Lingulodinium /
Plateendocyst
6
Operculodinium with verrucate to rugulate
surface and mainly distally closed, occasionally slightly
bifid or capitate processes. Exact taxonomic affinity is unclear (see text for further details); 5-6 Operculodinium
centrocarpum Wall and Dale (1966); 7-9 Mecsekia ‘orientalis’ Sütőné Szentai (unpublished form); 10
Cymatiosphaera sp.; 11-12 Spiniferites spp. These are similar to S. tihanyensis Sütőné Szentai (2000) and also
to S. pannonicus and possibly Achomosphaera brevis (Soliman and Riding, 2017); 13 Spiniferites sp.; 14-16
Impagidinium
spp. These
cysts
are very variableof
but
are mostand
similar
to the I. spongianum and / or I. globosum
Plate 7.6. Scanning
electron
photomicrographs
dinocysts
acritarchs
lineage of Sütőné Szentai (1982, 1985, 2011). For size, see individual scale bars. Photos by Carmel Pinnington.
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Plate 7.7. Scanning electron and light photomicrographs of dinocysts: 1 Caspidinium rugosum Marret et
al. (2004); 2-3 Pyxidinopsis psilata Wall et al. (1973) 4-5 Impagidinium? pecsvaradense (= Pontiadinium
pecsvaradense Sütőné Szentai, 1982); 6 Impagidinium? obesum (= Pontiadinium obesum Sütőné Szentai, 1982);
7 Chytroeisphaeridia hungarica Sütő-Szentai (1990, 2011); 8-10 Impagidinium? cf. pecsvaradense
(= Pontiadinium pecsvaradense Sütőné Szentai, 1982) ; 11-12 Chytroeisphaeridia tuberosa Sütőne Szentai
(1982); 13-15 Impagidinium? obesum (= Pontiadinium obesum Sütőné Szentai, 1982); 16-20 variants of
Plate
7.7. Scanning
electron
photomicrographs
of dinocysts:
Impagidinium?
obesum
and and
/ or light
?Komewuia
of Soliman and
Riding (2017); 21-24 cf. Lingulodinium /
Operculodinium. See individual scale bars for SEM photos. For all LM photos, scale bar is 30 μm. SEM photos by
Carmel Pinnington, LM photos by Keith Richards.
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7.6.3.2. Sub-zone JP-3B: 835.98 m (JE055) –
842.23 m (JE059)
Samples from this interval show several significant
assemblage changes relative to the underlying
section. Pollen recovery is increased with Pinus,
Ulmus and Asteraceae well represented. Algal
numbers are also increased with common
occurrences of Pediastrum and Botryococcus
recorded, whereas numbers of reworked
palynomorphs are reduced. Dinocyst associations
also show important changes with a marked
increase in the presence of species of Spiniferites
and small increase in the presence of species of
Impagidinium. The sub-zone contains the first
records in the studied section of several ‘PeriParatethyan’ dinocysts including Spiniferites
‘pannonicus / tihanyensis’, (Plate 7.6, Figs. 11–12) cf.
Seriliodinium imperfecta and a single occurrence of
Galeacysta etrusca.
7.6.4. Zone JP-4
7.6.4.1. Sub-zone JP-4A: 844.48 m (JE060) –
855.48 m (JE064)
Sub-zone JP-4A is characterised by continued
change in the palynological assemblages, mainly
in the microplankton associations. Upwards
from 844.48 m (JE060) and 846.73 m (JE061)
Spiniferites ‘pannonicus / tihanyensis’ shows
marked increases in numbers, co-occurring
with Impagidinium ?obesum (Plate 7.7, Fig. 6),
Impagidinium ?pecsvaradense, (Plate 7.7, Figs. 4
-5) I. globosum / spongianum, (Plate 7.6, Figs. 1416) and Chytroeisphaeridia hungarica / tuberosa
(Plate 7.7, Figs. 7, 11–12) among others. These
taxa are well known from the Miocene of the
Pannonian Basin (e.g. Sütő-Szentai, 1982, 2000,
2010, 2011; Bakrač et al. 2012; Soliman and Riding,
2017). Several of these dinocysts have apical and
/ or antapical nodes (Plate 7.7, Figs 16 - 20), and
are related to the Pontiadinium complex (sensu
Sütő-Szentai) and possibly Komewuia? (sensu
Soliman and Riding, 2017). These co-occur with
low numbers of Gonyaulax apiculata (a freshwater
dinocyst) and cysts of Pentapharsodinium dalei
(marine to brackish). Other dinocysts present
commonly include Operculodinium centrocarpum
and undifferentiated species of Spiniferites,
Impagidinium and Batiacasphaera. The acritarchs
Mecsekia ‘orientalis’ (sensu Sütő-Szentai) is less
frequent than in the interval below, whereas
Mecsekia incrassata (Sütő-Szentai, 1986) is
present in increased numbers. Algae have a varied
presence with low numbers of Botryococcus
present and Pediastrum common at 844.48 m
(JE060). The pollen components include mixed

populations of AP (e.g. Pinus, Betula, Carpinus and
Ulmus) and NAP (e.g. Amaranthaceae, Asteraceae
and Poaceae). Reworked Mesozoic pollen, spores
and dinocysts typically account for ca. 25% or less
of the total palynofloras.
7.6.4.2. Sub-zone JP-4B: 869.43 m (JE069) –
940.28 m (BL2)
Assemblages in sub-zone JP-4B are similar to
underlying sub-zone JP-4A in terms of overall
species composition. Pollen and spore floras
are largely unchanged, except for a minor
increase in fern spores. Algal associations show
periodically increased Pediastrum (913.38
m, JE084) and Tasmanites / Pterospermella
(926.08 m, JE089). Significantly increased
numbers of dinocysts are evident, particularly
of Chytroeisphaeridia hungarica / tuberosa
and Pyxidinopsis psilata. ‘Noded cysts’ of the
Impagidinium ?pecsvaradense and I. ?obesum
lineage are present consistently together with rare
Spiniferites cruciformis. Undifferentiated species of
Spiniferites, Impagidinium (Plate 7.6, Figs. 14–16)
and Batiacasphaera are also present frequently,
including in the ‘black shale’ samples from 897.28m
(BL1) and 940.28 (BL2).
7.6.5. Zone JP-5
7.6.5.1. Sub-zone JP-5A: 947.78 m (JE099) –
971.68 m (JE109)
The main feature of sub-zone JP-5A is the reduced
number of dinocysts. Mecsekia ‘orientalis’ (sensu
Sütő-Szentai) shows renewed increases, in
association with various algal bodies including
Botryococcus.
7.6.5.2. Sub-zone JP-5B: 987.08 m (JE113) –
1140.98 m (JE146)
Sub-zone JP-5B is typified by diminishing
numbers of the ‘Peri-Paratethyan’ dinocysts,
although several (e.g. Spiniferites ‘pannonicus /
tihanyensis’ and Pyxidinopsis psilata) are present
throughout. Two specimens of Caspidinium
rugosum were recorded at 1082.98 m (JE134),
the only occurrences observed in this study. A
single occurrence of Spiniferites cruciformis was
noted at 987.08 m (JE113). The most frequent taxa
were Mecsekia ‘orientalis’ (sensu Sütő-Szentai)
(common at 1082.98 m, JE134) and Batiacasphaera
(very abundant at 1105.98 m, JE139). Other
dinocysts include low numbers of Lingulodinium
machaerophorum and species of Spiniferites and
Impagidinium. Algae occur throughout the interval
although increased numbers of Botryococcus,
Pediastrum and Tasmanites were found in the
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uppermost portion (at and above 1136.48 m,
JE144). In situ pollen includes moderate numbers
of Pinus, Betula, Ulmus and NAP. Reworked
elements account for around 20% to 45% of
the total palynoflora, with no reworking of highlatitude indicators observed. ‘Black shale’ sample
989.28 m (BL3) has a minor abundance peak of
the freshwater cyst Gonyaulax apiculata but also
contains brackish and / or marine forms.

7.7. Results of calcareous nannofossil analysis
Nannofossil analysis of sample JE-39 (797.88
m) yielded an entirely reworked nannoplankton
assemblage lacking in a clear biostratigraphic
signal. The recorded taxa range in age from Early
Cretaceous to Neogene, with the assemblage
dominated by Late Cretaceous and Paleogene
nannoplankton. Early Cretaceous specimens
are rare and include the marker species
Cruciellipsis cuvilleri, Diazomatolithus lehmanii
and Rhagodiscus asper. Late Cretaceous marker
species include Arkhangelskiella cymbiformis
var. maastrichtiana, Reinhardtites levis, Broinsonia
parca parca, Broinsonia parca constricta,
Eiffellithus eximius, Helicolithus trebeculatus,
Lithastrinus grillii, Quadrum eptabrachium and
Eprolithus eptapetalus. Paleocene restricted taxa
include Chiasmolithus danicus, Cruciplacolithus
frequens, Prinsius spp. and Fasciculithus spp.
Early to Middle Eocene restricted taxa include
Discoaster lodoensis, Micrantholithus breviradiatus,
Reticulofenestra wadeae and Lanternithus sp., and
Late Eocene-Oligocene taxa include Isthmolithus
recurvus and the reticulofenestrid markers R.
daviesii, R. stavensis, R. umbilicus, R. bisecta and
R. reticulata. Rare Neogene restricted taxa are
limited to single specimens of Helicosphaera
carteri (range NN1–Recent) and Helicosphaera
ampliaperta (range NN2–NN4) of early Miocene
origin. Only three potentially in situ nannofossils
were recorded: Calcidiscus tropicus, C. leptoporus
and Geminilithella jafari. These, however, range
throughout the whole of the Neogene and are
likely to be reworked. Low numbers of Coccolithus
pelagicus were also recorded. This taxon does
range to the present day but the relatively low
numbers present are undoubtedly a result of
reworking from the Paleogene where C. pelagicus
typically occurs in very high abundances (S. Cole,
personal communication).

7.8. Biostratigraphic Interpretation
A summary of the main biostratigraphic indicators
and lithostratigraphic units is presented in Figure
7.8.
7.8.1. Uppermost Productive Series - Akchagyl:
ca. 766 m – ca. 834m
Samples studied for microfauna from the
uppermost Productive Series (PS) are either barren
or contain mostly foraminifera unquestionably
of reworked origin (Zone JM-1). Palynological
assemblages, however, over the Productive
Series to Akchagyl lithological transition show no
significant change, with predominantly freshwater
palynofloras present for a few metres either side
of the boundary. This observation requires further
investigation as there appears to be a discrepancy
between the lithostratigraphic boundary and
biostratigraphic signature at the PS to Akchagyl
transition.
An interval of ca. 65 m in thickness between
768.80 m and 833.98 m is confidently assigned
to the Akchagyl based on microfauna (Zones
JM-2 and JM-3A/3B), with the overall assemblage
containing a mixture of fresh or weakly brackish
water (Limnocythere, cyprids), ‘semi-marine’
(sensu Mudie et al. 2011) (Loxoconcha, Eucythere,
leptocytherids) and marine (Cassidulina, Cibicides,
Hanzawaia) forms. The assemblage is a good match
for the ‘lower Akchagyl’ as described by Agalarova
et al. (1940) and Rozyeva (1966), although it
should be noted that Eucypris puriformis, the
‘lower Akchagyl’ marker used by Mandelstam et
al. (1962) was not identified in any sample. Marine
foraminifera, especially Cassidulina reniforme /
obtusa and Cibicides lobatulus present between
797.88 m (JE039) and 813.18 m (JE045), suggest
a tie with the ‘mid-Akchagyl’ (Ak2) in the scheme of
Svitoch (2014). The foraminiferal association may
be derived from a marine connection between
the Arctic Ocean and the Caspian Sea at this time,
although this cannot be conclusively proven on
the data currently available. The ‘mid-Akchagyl’
sensu Rozyeva (1966) is not clearly evident from
the ostracod record, but may be represented in the
interval above ca. 815 m (JM-3B) where microfaunal
recovery is diminished and locally barren (see
Figure 7.8).
Palynological assemblages show a comparable
shift from freshwater with minimal marine influence
(Zone JP-1) to brackish-marine (Sub-zones JP2A/2B). A freshwater influence is indicated by the
presence of frequent Pediastrum and Botryococcus
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in the interval below ca. 771 m, interpreted as
a predominantly freshwater deposit with very
minimal marine influence. Reworking in this interval
is high, with the age range of many of the identified
species (e.g. Classopollis) indicative of a sediment
provenance from the Caucasus and / or the Russian
Platform. Also present are several reworked
specimens of Aquilapollenites-Triprojectus and
Wodehousia which are unmistakable pollen types
found in situ in the Late Cretaceous to Paleogene
of high latitude localities, mainly to the north of
ca. 55o N to 60o N (Batten, 1984). Their presence
in the Jeirankechmez record confirms a high
latitude provenance for at least part of the studied
sediments, and may have been eroded by glacial
scour and then transported southwards. These
pollen types have not been recorded, except as
possible reworked occurrences, from the Caucasus
or further westwards from the Black Sea region. In
other Caspian sediment records, these reworked
high-latitude taxa may occur very rarely in the
Pliocene Productive Series, and are consistently
present in some Khazarian (middle Pleistocene)
sections (K. Richards, personal observations).
Dinocyst assemblages indicate at least some
marine or brackish-marine influences within the
Akchagyl interval, but do not give a firm indication
of provenance. The presence of Islandinium
minutum and cysts of Pentapharsodinium dalei
is not conclusive as these types frequently occur
in the northern oceans (Head et al. 2001; Radi, et
al. 2013; Zonneveld et al. 2013) but both these
taxa are also known to occur in the Black Sea, and
P. dalei is known from the present day Caspian
Sea (Zonneveld et al. 2013). An event that occurs
in several Akchagyl sections is the common
presence of an unknown cyst referred to here as
cf. Lingulodinium / Operculodinium. This event
occurs at Jeirankechmez (Zone JP-2B) and also in
outcrops at Babazanan and Lokbatan, Azerbaijan
(K. Richards, unpublished data). These specimens
are, on the whole, very poorly preserved, a possible
indication of fairly high energy deposition, and do
not give a reliable provenance indication. Similarly,
the interval with abundant Mecsekia ‘orientalis’ (of
Sütőné Szentai) and Batiacasphaera (Zone JP-3A) is
consistent with a brackish depositional setting, but
without requiring a connection to marine waters.
7.8.2. Apsheron: ca. 836 m – ca. 1141 m
A major shift in faunal assemblages occurs around
836 m in the section. Increased numbers of
ostracods above 835.98 m (Zone JM-4) including
Eucythere naphtatscholana, Loxoconcha eichwaldii

and Leptocythere verrucosa is consistent with that
described by Rosyeva (1966) as characteristic of the
‘Upper Akchagyl’ but is also comparable with the
Apsheron association described by Svitoch (2014).
Higher in the section, the presence of consistent
Camptocypria (Zone JM-5, at and above 913.38
m, JE084) and Cytherissa bogatschovi (at and
above 936.78 m, JE094) again suggests possible
affinity with the Apsheron. Further increased
numbers of C. bogatschovi, in association with
Tyrrhenocythere azerbaijanica and Xestoleberis spp.
in Zone JM-6 (above 1056.98 m, JE129), suggests
that this uppermost studied interval corresponds
to the Apsheron. The overall impression is of a
‘semi-marine’ environment becoming increasingly
brackish and with occasional freshening episodes
indicated by the presence of Limnocythere. Shortlived higher salinity influences could be indicated
by rare occurrences of Cassidulina reniforme /
obtusa, Cibicides lobatulus and Ammonia if those
are in situ.
The presence of ‘Peri-Paratethyan’ dinocysts,
such as Spiniferites ‘pannonicus / tihanyensis’,
Impagidinium ?obesum and I. ?pecsvaradense
at and above 835.98 m (JP-3B) and increased
presence above 844.48 m (JP-4A) indicates a
return to brackish water conditions. The fauna
assemblage indicates these sediments should be
attributed to the Apsheronian regional stage, which
is defined biostratigraphically by the incoming of
‘Ponto-Caspian’ endemic fauna (e.g. the molluscs
Apsheronia sp. and Didacna sp., although these
were not recorded in the present study).
The co-occurrence of freshwater to brackish (‘semimarine’) ostracods, rare foraminifera and low
salinity dinocysts is good evidence that this interval
was not subject to fully open marine influences.
Salinities are unlikely to have regularly exceeded
~19‰ which is the maximum salinity tolerated by
most of the ‘Peri-Paratethyan’ dinocysts (Mudie et
al. 2017). All of the dinocysts found in significant
numbers in this interval, such as Spiniferites
‘pannonicus / tihanyensis’, the ‘noded cysts’ of the
Impagidinium ?obesum / ?pecsvaradense lineage
(Pontiadinium sensu Sütő-Szentai) and species of
Spiniferites, Impagidinium and Batiacasphaera
occur within typical low salinity-tolerant ‘PeriParatethyan’ assemblages. Other dinocysts such
as Operculodinium centrocarpum indicate higher
salinities, and point to localised increases in salinity
(and marine influence) for example at ca. 852 m
to 855 m (JE063 and JE064). These and similar
dinocysts occur at the present time in the Black Sea
where the salinity is typically between 12 and 20‰
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(Mudie et al. 2011) maintained by the connection
to the Mediterranean Sea. Svitoch (2014) estimates
that, based on molluscs, maximum salinity during
the Akchagyl to Apsheron transgression was within
the range of 18 to ~20‰ and therefore comparable
with the present day Black Sea. Ostracod faunas
suggest increasingly brackish conditions above
ca. 1057 m. This is in agreement with the reduced
numbers of ‘Peri-Paratethyan’ dinocysts, frequent
Batiacasphaera (e.g. at 1105.98 m, JE139) and
Mecsekia (1082.98 m, JE134).

7.9. Discussion
7.9.1. Ostracod nomenclature
Micropalaeontological differentiation of
lithostratigraphic units within the Plio-Pleistocene
interval of the Caspian region relies on the correct
identification of numerous ostracod species.
However, published accounts illustrating this
largely endemic microfauna present a bewildering
array of poorly illustrated ‘species’ which makes
reliable identification difficult. The situation has
not been helped by the fact that the two seminal
works on Caspian ostracods (by Agalarova et al.
1961 and Mandelstam et al. 1962) were published
independently with ensuing taxonomic chaos.
Furthermore, as Schornikov (2011) has commented,
the names of Mediterranean species have often
been incorrectly applied to Caspian taxa, and
Holocene species have on occasions been
confused with those from older horizons. Moreover,
morphological variants and juveniles (particularly
amongst leptocytherids), and sexual dimorphs (for
example of Loxoconcha) have sometimes been
given different names. The identification of smoothshelled forms is even more difficult as they have
been mainly described purely on shell outline.
Unfortunately, the taxonomic type collections on
which many of the species concepts are based
have been lost. Only recently have some authors
re-examined type specimens where they exist
(Gliozzi et al. 2013) or illustrated their own material
using modern imaging techniques (Boomer et
al. 2005; van Baak et al. 2013; Chekhovskaya et
al. 2014; Spadi et al. in prep.). As a consequence,
stratigraphic ranges given to many forms are
unreliable. However, there are some species whose
identity is not in dispute. Such species together
with supra-generic groupings have been used in
this study as the principal stratigraphic indices. A
CONISS cluster analysis generated by StrataBugs
v2.1® (Figure 7.4) supports the sub-division as
identified by visual inspection of the dataset, and

the recognition of six zones/sub-zones (JM-1 to
JM-6). The poor state of their taxonomy is also
a limiting factor in determining the ecological
preferences and tolerances of Caspian ostracods
and makes detailed environmental interpretation
extremely difficult.
7.9.2. Calcareous Nannofossils
Previous reports of calcareous nannofossils in
the Akchagyl of the Caspian Sea (e.g. Jones
and Simmons, 1996; Zubakov and Borzenkova,
1990) include records of Discoaster brouweri
(NN9-NN18, Tortonian-Gelasian) and Discoaster
pentaradiatus (NN10-NN17, Tortonian-Gelasian)
that have been used to infer maximum marine
influence in the early Pleistocene, Gelasian.
Although this is certainly possible, a reworked
origin for these marker nannofossils cannot be
excluded in view of their extended stratigraphic
range. Similarly, the reported presence of
Reticulofenestra pseudoumbilica (NN4-NN15,
Burdigalian-Zanclean) in the ‘mid-Akchagylian’ of
the Yasamal Valley, Azerbaijan, is used to imply
a marine connection to the Caspian Sea during
the early Pliocene, Zanclean, prior to 3.5 Ma
by Zubakov and Borzenkova (1990). Again, the
possibility of reworking should be considered as R.
pseudoumbilica is a long-ranging Neogene taxon
and the Caspian Sea was isolated from the world’s
oceans at that time. Svitoch (2014) also notes
the presence of Coccolithus pelagicus (NP2 to
present) and C. cf. doronicoides (= Gephyrocapsa
oceanica) (NN19-recent, Gelasian-Recent) within
the Akchagylian of the Caspian region. The former
is likely to be reworked (see section 7.7) whereas
the latter is likely to be an in situ occurrence based
on its inferred stratigraphic range. New analyses
from the marine interval in the present study (three
samples from around 797.88 m, JE039) provided
no evidence of in situ nannoflora, with reworked
taxa present abundantly. More detailed nannofossil
studies are required but the absence of good in
situ assemblages means that the studied sediments
are, in general, not of open marine (i.e. oceanic)
origin. Similarly, the presence of frequent reworked
taxa makes age inferences from nannofossils very
speculative.
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7.9.3. Palynology: dinocyst and acritarch
nomenclature and palaeoenvironmental
affinities.
This study is the first to document the presence of
significant numbers of dinocysts and acritarchs in
sediments from the Plio-Pleistocene Akchagyl and
early Pleistocene Apsheron stages of the Caspian
region.
The Akchagyl interval at Jeirankechmez contains
frequent specimens of an unknown cyst, referred to
in this study as cf. Lingulodinium / Operculodinium
(Plate 7.6, Figs. 1-4). This is a correlatable event
that occurs in several other Akchagyl sections, for
example in outcrop at Babazanan and Lokbatan,
Azerbaijan, as well as in sub-surface intervals in the
offshore Caspian Sea (K. Richards, unpublished
data). Despite the taxonomic uncertainty, this
morphotype is almost certainly a dinoflagellate
cyst as it appears to have a poorly developed
archaeopyle (possible consisting of more than one
plate?) which is sometimes, but not always, visible
under light microscopy. These specimens are,
on the whole, very poorly preserved, a possible
indication of fairly high energy deposition but
do not give a provenance indication. They do,
however, show similarities with some of high
latitude lineages illustrated in Radi et al. (2013)
such as Islandinium? cezare and Operculodinium
centrocarpum ‘arctic morphotype’ (de Vernal et
al. 1989). The processes are usually distally closed
(comparable with Lingulodinium) but sometimes
slightly capitate (comparable with Operculodinium)
or bifid. It is very different from the Micrhystridium
illustrated by Grothe (2016b) from the Black Sea.
It is possible, indeed quite likely, that the form
referred to as cf. Lingulodinium / Operculodinium
in this study has not been previously described. It
is believed to be in situ as it is a widespread event
and nothing resembling it is known from the older
Cenozoic of this region (K. Richards, personal
observation).
As previously noted, several of the dinocysts
present show strong similarity to taxa first
described (and subsequently commonly recorded)
in sediments of Miocene age from Central
Paratethys, specifically the Pannonian Basin of
Eastern Europe. Most of these are described
in various publications from Hungary by Maria
Sütő-Szentai. Although this taxonomic data trail
is not without its problems, many of the forms
observed in the present study can be related to, or
at least closely compared with, these ‘Pannonian’
taxa. Important examples include Impagidinium

?obesum (Plate 7, Fig. 6) and Impagidinium
?pecsvaradense (Plate 7, Figs. 4 -5), that were
originally (and validly) published as Pontiadinium
obesum and Pontiadinium pecsvaradense by SütőSzentai (1982) and are currently re-assigned as
questionable species of Impagidinium by Williams
et al. (2017). Similarly, Impagidinium spongianum
and Impagidinium globosum were first illustrated
by Sütő-Szentai (1982) but not published as
valid taxa until a few years later (Sütő-Szentai,
1985). Chytroeisphaeridia tuberosa was also
validly published by Sütő-Szentai (1982) whereas
‘Chytroeisphaeridia hungarica’ (Sütő-Szentai, 1990)
is morphologically distinct but, strictly speaking,
remains invalid (Williams et al. 2017). In view of
these taxonomic uncertainties, specimens recorded
in the present study are assigned as Impagidinium
globosum / spongianum and Chytroeisphaeridia
hungarica / tuberosa.
Spiniferites is a distinct but hugely varied genus
with more than 100 valid species (Williams et
al. 2017). In the present study, specimens of
Spiniferites frequently occur but cannot always
be reliably attributed to species level. One
morphotype observed is an elongate form
of Spiniferites with an asymmetric process
arrangement that is most similar to Spiniferites
tihanyensis (Sütő-Szentai, 2000). A broadly similar
cyst, but with an apical node, was first described
as Spiniferites bentorii subsp. pannonicus by SütőSzentai (1986) that has recently been re-assigned
as Spinferites pannonicus by Soliman and Riding
(2017). The similar forms recorded in the present
study are referred to as Spiniferites ‘pannonicus /
tihanyensis’ to illustrate an affinity with these cysts,
although further work is required to determine an
exact species assignment.
Mecsekia is an acritarch genus, with several species
(M. spinosa, M. spinulosa and M. heteropunctata)
first described by Hajós (1966) from the Miocene
of the Mecsek Mountains in southern Hungary.
Mecsekia ultima was subsequently described,
originally as Pleurozonaria ultima, also from
Hungary by Sütő-Szentai (1982), followed by
Mecsekia incrassata (Sütő-Szentai, 1986). The
form occurring abundantly in the Jeirankechmez
sequence differs from all previously published
species of Mecsekia, and is referred to as Mecsekia
‘orientalis’ (sensu Sütő-Szentai), an assignment
made after consultation with Maria Sütő-Szentai.
This form was found in abundance in sediments of
lower Meotian (late Miocene) age in the Galidzga
region of western Georgia (Maria Sütő-Szentai,
personal communication, February 28th 2017) but
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has never been published as a formal species of
Mecsekia. In the Galidzga sections, M. ‘orientalis’ is
dominant, co-occurring with several other species
of Mecsekia (including M. incrassata) and rare
dinocysts of restricted marine aspect (Sütő-Szentai,
unpublished data). The same form is also abundant
in the Meotian to Sarmatian (late Miocene) of
western Azerbaijan (K. Richards, unpublished
data). Blooms of Mecsekia (various species) are
known to occur throughout the Neogene in the
Pannonian Basin (e.g. Sütő Zoltánné - Szegő Éva,
2008; Magyar and Geary, 2012), for example in
the Sarmatian (middle Miocene) where they are
associated with restricted lagoons and shallow
water carbonates (Bakrač et al. 2012). It is possible
that they have been found previously in the Black
Sea (e.g. Grothe, 2016b; Popov et al. 2016) but
assigned as Micrhystridium rather than Mecsekia.
Batiacasphaera is a genus of marine and brackish
dinocysts with many species, and large numbers
of some species have been recorded at various
times in Black Sea Neogene sediments (e.g.
Filippova, 2002). It is described as ‘neritic and
nearshore-lagoonal’ by Popov et al. (2016),
sometimes associated with high nutrient levels
and algal blooms. One species (B. hirsuta) is locally
abundant in the Dacian and Pannonian basins,
described as ‘coastal and lagoonal’ and ‘recorded
in Paratethyan embayments’ by Harzhauser et al.
(2008). The association of abundant Baticasphaera
and Mecsekia in the lower to mid-Akchagyl
interval (Zone JP-3A) at Jeirankechmez suggests
a restricted marine or brackish depositional
environment.
7.9.4. Arctic fauna in the Plio-Pleistocene
Caspian Sea?
The present study has determined that the
specimens of Cassidulina present in the Caspian
Sea most closely resemble Cassidulina reniforme,
which is an arctic species (Sejrup and Guilbault
1980). Although not proven, this potential arctic
affinity is reinforced by the co-occurrence in the
Caspian assemblages (at more than one locality)
of common Cibicides lobatulus. A foraminiferal
assemblage characterised by common Cassidulina
reniforme with Cibicides lobatulus is well known
in the northern oceans (e.g. Hald and Vorren,
1987). According to Sejrup and Guilbault (1980),
C. reniforme prefers cold, arctic waters (with a
mean July temperature of 10°C or less). Moreover,
Cassidulina as a genus is primarily a deep water
foraminifer typically occurring at water depths
in excess of 200 m at low latitudes (e.g. van

Marle, 1991) but at high latitudes it occurs in
much shallower water, sometimes of less than
10 m (Sejrup and Guilbault, 1980). Temperature
appears to be the main controlling factor in
its depth distribution. Cibicides lobatulus has
varied water depth tolerances but is typically an
epiphytic species and therefore is likely to be found
within the photic zone and / or in high energy
environments. This assemblage closely matches
the one found in our study, and is consistent
with, although does not unequivocally prove,
the presence of arctic marine faunas in the PlioPleistocene Caspian Sea.
If the Caspian foraminferal association in our
record was derived from the Arctic Ocean, a
mechanism for dispersal from the north is required.
For Cibicides lobatulus, this is relatively easy, as
it may have travelled on floating vegetation, e.g.
Azolla, or sea weed. Cassidulina, however, is a
bottom dweller, preferring deep, cold waters at low
latitudes but occurring at much shallower waters at
high latitudes. This is significant as a small rise (i.e.
of several metres) in global ocean level might be
enough to trigger a dispersal from high latitudes.
Conversely, a transgression of much greater
magnitude would be required if the cassidulinids
were dispersed via the Mediterranean and / or
Black Sea; there is no evidence that this did occur.
Despite a lack of firm evidence, water levels in
the Black Sea at this time were likely to have
been relatively low, indicated by the freshwater to
brackish Kuyalnikian mollusc faunas. This is also
suggested by high proportions of NAP at this time
in the Black Sea pollen record from DSDP 380A
(Popescu et al. 2010), which closely match those
typically present in the late Pleistocene to early
Holocene ‘Neoeuxianian’ (e.g. Filipova-Marinova et
al. 2013) that are linked with a significant lowstand
of the Black Sea (Aksu, et al. 2002; Yanko-Hombach,
2007).
Although north to south bottom currents may have
accounted for the migration of Cassidulina to the
Caspian region, it is not clear if the foraminifer
requires successive suitable marine environments
for colonisation (including feeding, reproducing,
etc.) every step of the way south. A more incidental
migration, perhaps in wet sediment carried by
floating vegetation or ice is possible, as is the
possibility of migration by attachment to the
feet of migrating birds or in the guts of aquatic
fauna (e.g. Sen Gupta, 1999). In general, it must
be borne in mind that faunal migrations, even
if improbable, only need to be successful once,
provided that a suitable environment is found
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upon arrival. Whatever the method of dispersal,
either via a direct water connection or by incidental
colonisation, there remains a high probability that
these Caspian foraminiferal faunas were derived
from the Arctic Ocean. The very low diversity of the
Cassidulina and associated fauna, suggests strong
selection during the migration path and probably
even serendipitous survival before their short-lived
colonisation of the circum-Caspian region.
One might even ask the question why migration
wasn’t more extensive than the fossil record
suggests, as more improbable migration of
megafauna certainly has taken place, also from
the arctic. For example, another instance of Arctic
and Caspian Sea faunal similarity during the PlioPleistocene is provided by mitochondrial DNA
studies of the Caspian seal Phoca caspica (Sasaki
et al. 2003; Palo and Väinölä, 2006). Both studies
recognise the close affinity of the currently landlocked Caspian seal with the Arctic ringed seal
Phoca hispida and Baikal seal Phoca sibirica,
and both studies infer an Arctic to Caspian Sea
connection during the late Pliocene to Pleistocene,
although at different times. Palo and Väinölä (2006)
conclude from DNA divergence data, including a
re-evaluation of the study by Sasaki et al. (2003),
that Phoca hispida is the oldest lineage and that
a radiation of these seals from the Arctic to the
Caspian Sea most probably occurred within a
time window of 3 to 2 Ma, which corresponds
with the foraminiferal event we have observed.
Other microfaunal data from the lower Volga
region include records in late Pliocene (Piacenzian)
sediments of boreal foraminifera Cribroelphidium
heterocameratum and Cribroelphidium
subarcticum, and macrofossils of sea grass (Zostera
nana) that could have come ‘only from the north’
according to Zubakov and Borzenkova (1990). A
direct water connection prior to the major middle
Pleistocene glaciations is inferred by further DNA
studies of crustaceans (amphipods) Mysis and
Gammaracanthus that occur as ‘glacial relicts’ in the
Caspian Sea (Väinölä, 1995; Väinölä et al. 2001).
7.9.5. Was there a direct water connection
between the Arctic and the Caspian?
If an Arctic Ocean to Caspian Sea connection
existed, coincident more or less with the onset of
the Pleistocene, it is possible that water reached
the Caspian Sea via the palaeo-Volga canyon,
which extends northwards to at least the latitude
of Moscow (55° N). It was incised to a recorded
depth of 550 m (Sidnev, 1985; Kroonenberg et al.
2005) and believed to have been formed at the

time of the latest Miocene to Pliocene Caspian
Sea lowstand. The canyon contains sedimentary
fill of various ages, including Pleistocene
(Kroonenberg et al. 2005), and is likely to have
remained a topographic depression for much of
the Pleistocene. Zubakov and Borzenkova (1990)
postulated that a connection between the Pechora
and Volga river systems could have occurred at this
time; the maximum topographic height separating
the Pechora and Volga systems is about 150 m
at the present time. Other possible connections
routes are via the Northern Dvina (currently +113
m agsl) and / or via the River Ob, to the east of the
Ural Mountains (currently +55 m agsl) (Figure 7.5).
The latter is situated along the route of the former
‘Turgay Seaway’ that connected the Arctic and
Tethyan Oceans during the Paleogene (Akhmetiev
et al. 2012; Naidina and Richards, 2016) and
formed part of a northern route towards the Aral
Sea in the late Pleistocene (Mangerud et al. 2004).
7.9.6. Why are there dinocysts of ‘Pannonian’
affinity in the Apsheron of the Caspian
Sea?
Many of the taxa recorded in the Apsheron section
at Jeirankechmez were first described in the
Pannonian Basin of Eastern Europe from sediments
of Miocene age. There is, therefore, an age gap of
at least 3 million years before these taxa potentially
‘re-appear’ in the Caspian sea. It is important to
distinguish the dinocyst taxa that are of ‘Pannonian’
affinity as opposed to those which are of Black Sea,
‘Neoeuxinian’ affinity. The former are, for the most
part, dinocysts described from Hungary (e.g. SütőSzentai, 1982), whereas the latter are mainly those
first described from the late Quaternary to early
Holocene (‘Neoeuxinian’) of the Black Sea (e.g. Wall
et al. 1973). These two ‘groups’ of cysts are quite
different in terms of species composition, although
overlaps do occur, the differences most probably
being due to variations in salinity. Known salinity
tolerances of taxa such as Spiniferites cruciformis
show that the ‘Neoeuxinian’ group consists of
essentially low salinity indicators (≤ 13‰). Less is
known about the tolerances of the ‘Pannonian’
group, but the presence of many species of
Impagidinium suggests it (as a group) has a higher
salinity tolerance.
In broad terms, the ‘Neoeuxinian’ group includes
Spiniferites cruciformis, Caspidinium rugosum,
Pyxidinopsis psilata and Galeacysta etrusca which
were common in the Black Sea prior to ca. 7500
BP (Mudie et al. 2001, 2004; Marret et al. 2009),
with the addition of Impagidinium caspienense,
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which occurs in the Caspian Sea at the present time
(Marret et al. 2004). The ‘Pannonian’ group includes
the ‘Pontiadinium’ complex of Sütő-Szentai (e.g.
1982) and Baltes (1971), in particular Impagidinium
?obesum, Impagidinium ?pecsvaradense, Komewuia
inequicornutum, along with Impagidinium
globosum / spongianum, Chytroeisphaeridia
hungarica / tuberosa and Spiniferites ‘pannonicus
/ tihanyensis’. Other taxa include Achomosphaera
argesensis (Demetrescu, 1989) and forms recently
described by Soliman and Riding (2017) such
as Seriliodinium? imperfecta and the ‘noded’
Komewuia? species A and B.
Ongoing work by Grothe et al. (2014, 2016a,
2016b) and Horikx et al. (in preparation) follows
some of these dinocyst lineages during the late
Miocene to early Pliocene (Meotian, Pontian and
Kimmerian) from the Pannonian Basin, to the
Dacian Basin (Slănicul de Buzau), to the western
Black Sea (DSDP Hole 380A), northern Black Sea
(Zheleznyi Rog) and Caspian Basin (Adzhiveli and
Kirmaky). Data presented by Grothe et al. (2016b)
show that the most frequent dinocysts present in
the Black Sea and Caspian Basin sites included
taxa are mainly comparable with the ‘Neoeuxinian’
group as outlined above. This is significant as it
remains the case that most of the taxa present
in the dinocyst suite of ‘Pannonian’ affinity in the
Apsheron interval at Jeirankechmez have not been
previously recorded from the Caspian Sea.
There are two possible explanations for the ‘reappearance’ of the ‘Pannonian’ group of dinocysts
in the Apsheron interval in the present study: 1)
that these taxa were already present in the Caspian
Sea and their expansion during the Apsheron
stage was due to the availability of suitable water
conditions; 2) that they have colonised the Caspian
Sea as a result of a water connection between the
Caspian and the Black Sea region (or elsewhere?)
during the early Pleistocene. As noted above, the
evidence from so-far published and unpublished
data is that most members of the ‘Pannonian’ group
of cysts have not been previously documented in
the Caspian Sea.

7.10. Conclusions
A major transgression of the Caspian Sea
occurred in the Plio-Pleistocene and resulted
in the deposition of sediments of the Akchagyl
and Apsheron regional stages, which are widely
known from around the Caspian Sea region. In the
absence of a clear lithostratigraphic boundary,
biostratigraphic records are used in this study to
assign the Akchagyl stage in an interval ca. 67 m in

thickness that contains the most marine influence.
An overlying interval of more than 300 m in
thickness contains mainly brackish microfaunas and
microfloras and is assigned to the Apsheron stage.
Frequent freshwater algae and ostracods in the
latest Pliocene interval suggest that the Akchagyl
flood at the Jeirankechmez locality began as a
freshwater event with minimal marine influence.
Restricted marine conditions were then briefly
established, indicated by the presence of a low
diversity assemblage of calcareous benthonic
foraminifera, including common species of
Cassidulina and Cibicides lobatulus. Morphometric
results show that the form present is most similar to
the mainly arctic species Cassidulina reniforme. This
is a well-known association in the northern oceans
and shows that there is at least a possibility that the
Caspian cassidulinids and associated microfauna
were derived from the Arctic Ocean. These
foraminifera may have entered the Caspian Sea,
brought about by rising global sea levels during
the latest Pliocene, although this is not proven.
Alternative means of recruitment include dispersal
via ice-rafted debris or vegetation, or possibly
transported by birds or aquatic fauna. We have also
documented the presence of Cassidulina reniforme
in the Mediterranean (Adriatic) Sea for the first time,
in sediments deposited just after the Last Glacial
Maximum. The significance of this in relation to the
Caspian microfaunas is currently unclear.
Palynological evidence includes reworked
pollen from high latitudes and dinocyst lineages
comparable with, but not exclusive to, the northern
oceans, and therefore does not give a firm
provenance indication.
Rich ostracod faunas are present throughout most
of the studied interval and indicate a ‘semi-marine’
environment in the Apsheron interval that has both
increased brackish and freshening episodes. The
Apsheron interval contains a distinct palynoflora
of ‘Peri-Paratethyan’ endemic dinocysts, with most
forms apparently being of ‘Pannonian’ affinity.
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Impagidinium spp.

Sample Depth (m) & Label

Lithostratigraphy

Formation

Depth
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CHAPTER 8 SYNTHESIS / CONCLUSIONS
Keith Richards
The phrase ‘the present is the key to the past’ is frequently attributed to Scotsman Charles Lyell, one of
the ‘founding fathers’ of modern geology after he published his ground-breaking ‘Principles of Geology’
in three volumes between 1830 and 1833. It is, however, widely known (e.g. Blundell and Scott, 1998)
that Lyell borrowed this mantra from James Hutton, also a Scot, who published his ‘Theory of the Earth’
35 years previously. It is also often said that ‘the past is the key to the present’. Both of these phrases
are undoubtedly true in the context of the Caspian Sea. Firstly, to try to make sense of the fossil and
geological records, we need an appreciation of how the Caspian Sea functions at the present time,
and of the changes that have occurred in the recent past. The ‘recent past’ is addressed in Part 1 of this
thesis. Secondly, to try to understand the highly dynamic systems that make the Caspian Sea what it is
today, we need to delve into the geological records as far back in time as we can. Part 2 of this thesis
looks at some of those records. The following synthesis, therefore, highlights some of the key geological,
biostratigraphic, biological, geographical and climatic events that have shaped the depositional history of
the Caspian Sea over the last 6 million years, from the end of the Miocene to the present day.
This thesis does not contain detailed accounts of Caspian Sea palynofloras from the middle Pleistocene
and early part of the late Pleistocene. These intervals are the subject of ongoing research and are referred
to in several abstracts in the Appendix of the thesis. The last of these provides a brief overview of a longer
timescale, the last 30 million years, in the history of the Caspian Sea (Richards, 2017). This is the time
interval during which the Caucasus were first uplifted (Vincent et al. 2007) and the basins within Paratethys
started to become isolated (Golonka, 2007; Popov et al. 2006). The Caspian Sea that we see today is the
result of that continuing process of basin isolation and periodic reconnection with the world’s oceans.

Part 1: ‘the present is the key to the past’
Part 1 of this thesis focuses on the depositional history of the northern Caspian Sea in recent geological
time (ca. the last ~70,000 years) using archives obtained from the Volga Delta (Chapter 2) and Emba / Ural
Delta (Chapter 3). We are reminded that the Caspian Sea is not a sea in the true sense, but that it is the
world’s largest lake, covering a total area of ca. 393,000 km2 and containing something like 78,000 km3 of
water (Kosarev and Yablonskaya, 1994). Moreover, it is the world’s largest endorheic lake, i.e. a lake that
has no permanent outflow to the oceans. It is therefore unaffected directly by eustatic events, the internal
water balances being controlled primarily by the amount of runoff from the catchment, in conjunction with
water gain from precipitation and water loss from evaporation. Local and regional climates are important
‘drivers’ of the water balance, and therefore the water level of the Caspian Sea, which is currently about
-27.5 m bgsl (below global sea level).
The Emba River is largely ephemeral at present, whereas the Ural River has more constant flow, hence its
importance as a shipping and navigation route. The Ural Delta has undergone significant change within
the last hundred years due to Caspian Sea level change and human influences, marked by a shift from
wave dominated (prior to ~1935) to river dominated deposition (after ~1965) (Scarelli et al. 2017). An
extreme example of a river-dominated delta is the Volga Delta, which is the subject of study in Chapter 2.
In a geological sense, the ‘recent past’ could conveniently be said to be represented by the late
Pleistocene, Holocene and perhaps Anthropocene. If we follow that time period in the Caspian Sea, we
immediately run into difficulties as there are very few, if any, sedimentary records that cover the whole of
the required stratigraphic interval. Furthermore, many of the records, where they do exist, are invariably
poorly (or at least, inconsistently) dated in calendar years. Significant progress, however, is being made
in particular by the PRIDE program (http://www.pontocaspian.eu/) and IGCP 610 (http://www.avaloninstitute.org/IGCP610/).
The beginning of the late Pleistocene epoch is marked by the Eemian interglacial in north-western
Europe, which broadly equates to the Mikulinian Russian stage and the onset of MIS 5. This period of
time is known to have been warm throughout most of Eurasia. In the Black Sea, MIS 5 corresponds
to the Karangatian transgression (see Figure 3.3), although it is unlikely (Yanina, 2014; 2017) that this
transgression reached the Caspian Sea. Thus, records from MIS 5 in the Caspian region are very limited in
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extent and, where present, have not been studied in detail for palynology.
MIS 4 is represented in sedimentary records from the northern Caspian region and is linked with a
lowstand of the Caspian Sea that occurred during the Atelian regional stage. Caspian Sea level is
likely to have dropped to ca. -100 m bgls at this time (Yanina et al. 2017). Part of this time interval is
represented in late Pleistocene sedimentary and biostratigraphic records from the Emba / Ural Delta
region of Kazakhstan, presented in Chapter 3 of this thesis. Four stratigraphic units are clearly visible
on seismic profiles and constrained by radiocarbon ages within the range of >43,500 to 390 ± 40 14C
years BP (Table 3.1). Unit 4 is interpreted as a desert dune system (similar to the ‘Baer Hills’ described
in Chapter 2). Samples studied for radiocarbon from this unit are beyond the dateable range, but the
studied intervals are most probably not older than ca. 70 ka (i.e. MIS 4 or younger). Pollen assemblages
from Unit 4 are dominated by non-arboreal pollen (NAP) especially Artemisia, other Asteraceae, ChenoAmaranthaceae and Poaceae (Figure 3.12B). Arboreal pollen consists mainly of Pinus. This association
suggests that coniferous forest, steppe and semi-desert / desert vegetation were present regionally. The
high proportions of Artemisia pollen in particular are consistent with a largely cold and dry climate.
Unit 3 was deposited during MIS 3 in a shallow open water or lagoonal setting, based on sediment
character and its ostracod faunas (Figure 3.14). The pollen floras also show significant changes (Figure
3.12A), most notably the frequent presence of pollen from the thermophilous-hygrophilous tree
Glyptostrobus pensilis (Taxodiaceae-Cupressaceae). This observation is both unique and controversial as it
suggests that this tree, which is now restricted to warm temperate, seasonal swamp localities in East Asia,
was growing around the Emba-Ural Delta region during the late Pleistocene. Alternative explanations,
such as reworked origins for this pollen, are considered. However, if this pollen is in situ, it would suggest
that the Emba-Ural Delta region was a ‘refugium’ for plants of (mainly) East Asian affinity during MIS 3.
More studies are required to validate this suggestion, but the findings are consistent with those of Biltekin
et al. (2015) who have proposed a similar ‘refugium’ locality, extending into the Holocene, in the southern
Black Sea region.
Rich dinocyst assemblages also occur in the Emba core samples and show a change from dominance by
Pterocysta cruciformis in Unit 4 to Impagidinium inaequalis in Unit 3 (Figure 3.12C), possible a response to
a warming climate and / or increasing salinity in MIS 3. These taxa were found commonly in the Caspian
Sea for the first time.
The stratigraphic units referred to in Chapter 3 are all bounded by unconformities and, by implication,
there is significant section missing from the studied intervals. Unit 2 is sandy and interpreted as a partial
barrier bar complex deposited during MIS 2, prior to the LGM. Unit 1 is a thin marginal marine deposit
of Holocene age. In particular, the early and late Khvalynian (late Pleistocene) highstands and the LGM
intervals are not present. These stratigraphic intervals are particularly controversial with a large number of
publications, many citing conflicting evidence for, in particular, the timing of the early and late Khvalynian
highstands. As these have been defined primarily based on their mollusc content (species of Didacna)
it is not surprising, perhaps, that evolutions, migrations and extinctions of these taxa may not be timesynchronous over an entire basin. Closely related to this is a lack of uniform agreement of the exact
depositional origins of late Pleistocene sediments in the north Caspian region. (e.g. Badyukova, 2017;
Makshaev and Svitoch, 2016; Tudryn et al. 2016).
Chapter 2 summarises the results from sedimentology, palynology and ostracods studied in Holocene
core samples and surface samples from the lower Volga Delta, in the Damchik region of the Astrakhan
Man and Biosphere Reserve (https://rsis.ramsar.org/ris/111). Several of the cores penetrated the Baer Hills
(‘Baery knolls’), the desert dune system that lies underneath and to the sides of the Holocene delta (Figure
2.1c). These sediments contain frequent fungal spores (wind-blown) in association with locally frequent
freshwater algae (Figure 2.9A,D) and dry-adapted pollen floras (Cheno-Amaranthaceae). Reworked
Mesozoic taxa also occur within fluvial channel deposits. These assemblages closely match the dune and
ilmen (lake) environments of the Baer Hills that were deposited during the Mangyshlak lowstand when
Caspian Sea level fell to ca. 80 m below its present day level (e.g. Kroonenberg et al. 1997).
The Mangyshlak lowstand, referred to in both Chapters 2 and 3 of this thesis, is the subject of some
disagreement in the published records. In Chapter 2, the author has inferred that the Baer Hills, seen in

194 | Chapter 8

the lower sections of several studied cores, are desert dunes (with associated lakes, ponds and fluvial
channels) that were deposited in response to the Mangyshlak lowstand. One radiocarbon date, with an
age within the σ2 range of 8793-9088 cal. BP, suggests that this event occurred within the Boreal stage
of the early Holocene. In Chapter 3, an older age (σ2 range of 12,020-12,550 cal. BP) was obtained
from a sample taken from above the presumed Mangyshlak-related unconformity. Taken together, these
two dates would suggest that the Mangyshlak lowstand commenced during the Younger Dryas period
of the late Pleistocene and persisted into the early Holocene, Boreal stage. This is consistent with the
interpretation of Bezrodnykh and Sorokin (2016) but differs from the most recent view published by
Yanina et al. (2017), with co-authors including Bezrodnykh and Sorokin, who state that the Mangyshlak
regression was a response to increasing climate continentality during the Boreal. In fact, both these
publications use the same set of radiocarbon dates: the ages published by Bezrodnykh and Sorokin
(2016) are σ2 constrained, and therefore have a greater (older) age range, whereas the versions published
by Yanina et al. (2017) are σ1constrained and show a smaller (younger) age range. Furthermore, the
author does not agree with evidence so-far presented by Leroy et al. (2013, 2014) and Leroy and Amini
(2017) claiming to have identified the Mangyshlak lowstand in the South Caspian region.
The main finding of the Volga Delta study presented in Chapter 2 is the extent of variation between the
studied cores, which is a reflection of the huge complexity of this delta system, as reported, for example
by Kroonenberg et al. (1997, 2008), Overeem et al. (2003) and Hoogendoorn et al. (2010). In general
terms, the pollen assemblages obtained are dominated by NAP, particularly by Artemisia and ChenoAmaranthaceae, and these are especially frequent in the early-middle Holocene prior to ca. 3900 cal.
BP. The same intervals often contain frequent freshwater algae, most notably Pediastrum. Whilst many
variations occur, these associations suggest steppe vegetation with ilmen (lakes) present, and deposition
on the delta plain (as opposed to the avandelta), and the likelihood of Caspian Sea levels slightly lower
than at present. Intervals deposited after ca. 3900 cal. BP contain more frequent AP, including Quercus,
Ulmus, Tilia and Carpinus which indicates warmer and more humid conditions regionally (Bolikhovskaya,
1990). These samples often contain increased numbers of dinocysts e.g. Spiniferites cruciformis,
Impagidinium caspienense and Pterocysta cruciformis, which are likely to reflect a period of rising Caspian
Sea levels. These overall trends are consistent with the sea level curves presented by Kroonenberg et al.
(2008), Hoogendoorn et al. (2010) and Kroonenberg (2017). Furthermore, records of these dinocysts were
found in all studied parts of the delta, raising the question that they may be tolerant of low salinity to fully
freshwater conditions, as proposed by Kouli et al. (2001).
The new data from the lower Volga (Damchik) are compared with regional vegetation and climate
interpretations by Bolikhovskaya and Kasimov (2008, 2010) (Figure 2.10). Whilst there are broad
similarities, differences are evident that are most likely due to the geographical separation (more than
100 km) between the sites and the increased open water influences in the more distal Damchik locality.
Furthermore, the palynological interpretations from the lower Volga have been directly compared
with similar data from the Kuban Delta of the north-eastern Black Sea (Bolikhovskaya et al. 2017). The
vegetation and inferred climatic signals are ‘out of phase’ between the two areas (i.e. Kuban Delta, Black
Sea and lower Volga Delta, Caspian Sea), suggesting that regional (rather than global) climatic signals
were the main drivers of vegetation change during the mid and late Holocene.
The unique ‘natural laboratory’ of the Caspian Sea can be used to test if the distribution of pollen
observed by Hooghiemstra et al. (2006) in the marine realm behaves in a similar way within a large
enclosed water body. In the context of the Caspian Sea, the evidence from the late Pleistocene (Chapter
3) and Holocene (Chapter 2) suggests that the depositional processes evident in the Caspian Sea do have
much in common with marine settings, in that palynomorph distribution and deposition are influenced
by, among other factors, wind patterns and water currents. Examples include the high frequencies of
Chenopodiaceae-Amaranthaceae and Artemisia pollen windblown from desert, semi-desert and steppe
vegetation during periods of colder climate, and the frequent presence of Pinus pollen transported by
wind and water into several offshore localities. The suggestion by Hooghiemstra et al. (2006) that by
understanding the parameters which influence pollen (or palynomorph) distribution, predictions about
the potential of a prospective site to answer specific research questions can be considered. In the case
of the Caspian Sea, the main ‘controls’ on palynomorph assemblages are becoming clearer, to the extent
that predicting the kinds of assemblages that might occur in a particular locality may be theoretically
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possible. However, in view of the vastness of the study area, more data points would be required to make
predictions with any degree of confidence. Very few of the late Pleistocene sections, that occur widely
in southern Russia in particular, have been studied in detail for palynology. Future studies should be
encouraged, especially including dinocysts and ostracods, as these would assist in characterisation of
coastal and shallow marine facies.

Part 2: ‘the past is the key to the present’
Part 2 of this thesis is a study of older Caspian sediments, in particular looking at palynological (and other)
stratigraphic data within the age range of late Miocene to early Pleistocene. These records were mainly
obtained from the western Caspian region, primarily from Azerbaijan and the Caucasus region, and cover
a time period of ca. 6.12 Ma to ~2.00 Ma.
Chapter 4 is written around a palynological, biostratigraphic and sedimentological study of the Kirmaky
Valley and Yasamal Valley localities in Azerbaijan. The main focus of the study was to determine, as far
as possible, the depositional environments of the Productive Series (PS), the main oil and gas producing
rocks that are widespread both onshore and offshore in the (mainly) western and central / south Caspian
region. No new age information was provided by this study, but the consensus of opinion now supports
Soviet-era assertions that the PS was deposited entirely during the Pliocene, during the time frame of ca.
5.3 Ma to 2.71 Ma. Later suggestions, mainly by western oil companies, that the onset of PS deposition
may have been linked to the onset of the Messinian Salinity Crisis (MSC) during the late Miocene
(Messinian) are not disproved but are not directly supported.
Chapter 4 begins with a study of a sample set from late Miocene ‘Pontian’ sediments excavated in a trench
at the Kirmaky locality. The ‘Pontian’ regional stage is recognised throughout much of Paratethys and is
marked by a transgressive marine episode at the base (Krijgsman et al. 2010; Stoica et al. 2013) that is
dated at 6.12 Ma in Azerbaijan (van Baak et al. 2016). In the Kirmaky studied section, a short-lived marine
event was also recorded, characterised by abundant long-spined forms of the dinocyst Lingulodinium
machaerophorum. These long-spined morphotypes are linked with increased salinity (Mertens et al. 2009,
2012) and this event is almost certainly an expression of the basal ‘Pontian’ transgression. Most of the
palynological assemblages in the ‘Pontian’ at Kirmaky indicate brackish, lacustrine conditions, except for
two samples towards the top of the studied interval that have marked increases in Tasmanites (or a similar
algal form). Tasmanites (and related algal taxa) have existed largely unchanged morphologically since the
Precambrian (Guy-Ohlson, 1996) and are known to tolerate a wide variety of water conditions from fresh
to saline, including ‘anaerobic toxic environments’ (Williams, 1998). Thus, this assemblage in the ‘Pontian’
at Kirmaky is unusual and would be consistent with, but not necessarily indicative of, a hypersaline setting.
It could be related to a drying event coincident with the MSC but does not imply any significant base level
lowering.
A key objective of this study was to ascertain as far as possible the dominant sedimentary regimes in
the PS, that have been interpreted as fluvio-lacustrine / deltaic (e.g. Reynolds et al. 1998) and mainly
fluvial (e.g. Hinds et al. 2004). Nine distinct palynological assemblages were recognised on the basis
of multi-variate statistical analyses, and these are broadly assigned into depositional ‘groups’ including
fluvial, fluvio-deltaic, flood plain, Caspian Lake and terminal splays (Figures 4.6, 4.7, 4.8). All of these
‘groups’ are represented in the outcrop samples, mainly from the Lower PS, studied from Kirmaky Valley
(Figure 4.3), and significant number of these contain assemblages with frequent freshwater-brackish
algae (Assemblage 2B) and frequent brackish dinocysts (Assemblage 3). By contrast, these assemblage
types occur only very rarely in the Upper PS sample set from Yasamal Valley (Figure 4.5). This is a good
indication that Caspian Lake and open lacustrine influences are greatest in the Lower PS, particularly in the
KS, and that these open water influences are diminished in the Upper PS.
There is a suggestion of possible ‘cyclicity’ in the Kirmaky Valley sediments that could relate to 100 ka
Milankovitch eccentricity cycles, although the interpretations are limited by sample coverage. These
‘cycles’ occur over intervals of ca. 80 to 100 m and begin with increased numbers of freshwater-brackish
algae, followed by increased numbers of brackish dinocysts, which indicate direct influence from the
Caspian Lake (i.e. rising lake levels). The latter part of each ‘cycle’ shows increased amounts of reworked
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palynomorphs, as well as typical salt-marsh and alluvial plain indicators. These are likely to occur as a
result of reduced riverine water flow and lead to falling lake levels. Further work is required but these data
do support the likelihood of depositional cycles, especially in the Lower PS, that are controlled by climate
and Caspian lake level. These observations are comparable with the climatically-driven Lower PS (intrasuite) and Upper PS (inter-suite) cyclicities proposed by Hinds et al. (2004).
The suggestion that the modern Volga Delta may be a potential analogue for the palaeo-Volga Delta has
been discussed by Kroonenberg et al. (2005), Hoogendoorn, et al. (2010) and Richards et al. (2014) [see
chapter 2 of this thesis]. The opinion of the author is that the Pleistocene ‘wandering delta’, as described
by Kroonenberg et al. (1997), is a more complete analogue for the palaeo-Volga Delta (and therefore for
PS deposition) as the Pleistocene delta was a much larger and more varied depositional system than the
present day Holocene delta [see also Richards, 2013, RCMNS abstract at the end of this thesis]. Simplified
depositional and palynofacies models for the palaeo-Volga Delta in the offshore region are presented
in Chapter 2 of this thesis (Figures 2.11, 2.12) and these show clear similarities between sediments
types observed both in the sub-surface and in the modern delta. There are differences, however, when
comparing these schemes to reservoir models proposed for the onshore successions published both
by Reynolds et al. (1998) and Hinds et al. (2004). In brief, the author considers that there are genuine
differences between the PS sedimentary sequences encountered in the offshore and onshore areas of
the Caspian Sea. Not surprisingly, the open water and deltaic influences increase offshore (e.g. in the
ACG locality of the South Caspian Basin), whereas the successions exposed onshore are, on the whole,
proximal representations of the PS. It could be said that Reynolds et al. (1998) may have over-estimated
the extent of open water influences in the PS outcrops onshore, especially in the Upper PS, and that Hinds
et al. (2004) may have under-estimated the extent of open water (i.e. Caspian Lake) deposition in the
South Caspian Basin to the east and south of the Apsheron Peninsula.
The uppermost unit of the PS, the Surakhany Suite, is the subject of detailed study in Chapter 5 at the
Lokbatan and Babazanan localities of Azerbaijan (Figure 5.1). The more northerly Lokbatan locality,
situated on the Apsheron Peninsula, has mainly mudstone sediments with rare channelised and sheetflood
siltstones and sandstones, whereas the Babazanan locality, situated about 100 km to the south-west,
has numerous stacked and laterally extensive sandstone bodies and fewer mudstone units (Figure 5.5).
Provenance data (e.g. Morton et al. 2003) indicate the Russian Platform, distributed via the palaeo-Volga,
as the principal source area for the Lokbatan sediments, whereas a Lesser Caucasus volcanic source,
distributed via the palaeo-Kura, is inferred for the majority of the sandstones present at Babazanan. Of
particular interest is the absence of brackish dinocysts in all of the samples studied, implying that Caspian
Lake influences were not significant, if present at all, in the Surakhany Suite at the studied localities. This is
consistent with the observation made in Chapter 4 that open water (i.e. Caspian Lake) influences are likely
to be diminished in the Upper PS. From a petroleum exploration perspective, the results show that Upper
PS sediments offshore of the present day Kura River may be more likely to be sand-prone relative to the
Lower PS in the same locality.
Productive Series deposition across the central and southern Caspian region continued almost until the
end of the Pliocene (Piacenzian) and that termination is marked by a sharp lithological boundary with
the overlying Akchagylian (Akchagyl) Series. The Akchagyl Series is first discussed in Chapter 6 in the
context of several pollen diagrams from the North Caucasus region, showing results of analyses by Olga
Naidina, of the Russian Academy of Sciences, Moscow. In co-writing this section, it became clear that
the terms ‘Akchagyl’ and ‘Akchagylian’ have been applied to sediments of Pliocene (Piacenzian) as well
as Pleistocene age, to the extent that there is an overlap (at least in terminology) between the Upper PS
(~Surakhany Suite) and the Akchagyl Series (e.g. Zubakov and Borzenkova, 1990). The situation is further
complicated by the fact that the term ‘Pliocene’ is inconsistently applied, both prior to and after the
lowering of the Plio-Pleistocene boundary from 1.8 Ma to 2.58 Ma (Gibbard et al. 2009).
The pollen floras within the late Pliocene show an increase in forest taxa, including thermophilic elements,
that may be linked to the ‘Mid-Pliocene Warm Period’ (ca. 3.3 to 3.0 Ma according to Heywood et al. 2009).
For the Pleistocene intervals, the pollen records show alternations dominated by AP and NAP which are
interpreted as showing changes in the relative extent of forest and steppe vegetation, although the species
composition of the forest intervals varies across the studied region (Table 6.1). This study also looks at

Synthesis / Conclusions | 197

the origins of the Plio-Pleistocene floras of the North Caucasus region and concludes that many of the
tree genera represented in the pollen records are remnants from the ‘Turgai Flora’. These originated from
Paleogene Boreal-Arctic temperate forests that persisted in Eurasia following the closure of the ‘Turgai
Seaway’ in Central Asia during the Oligocene (Boulter, 1994; Akhmetiev et al. 2012).
Chapter 7 examines the latest Pliocene to early Pleistocene interval in more detail, based on a long (ca.
1600 m) outcrop section from eastern Azerbaijan at the Jeirankechmez River locality.
Using regional lithostratigraphic criteria, this studied section covers the uppermost part of the Pliocene
Productive Series (fluvio-deltaic sands and silty clays) and the overlying sediments of Akchagyl and
Apsheron regional stages (grey to yellow-brown marls, silts and clays). These ‘stages’ were originally
defined based on molluscs which were not included as a proxy in our study. Instead, we have used
palynology and ostracod distribution data to make an assignment of the Akchagyl and Apsheron stages
as accurately as possible. The results obtained are not without controversy, in that the onset of Akchagyl
deposition is widely thought to have originated as a marine transgression from the Mediterranean and
Black Sea region (e.g. Jones and Simmons, 1996; Svitoch, 2014). Palynological results show almost entirely
freshwater assemblages (mainly algae) in laminated sediments of the lowermost 30 m of the Akchagyl
interval. Reworked pollen with a northern provenance also occurs, therefore giving no indication of a
marine transgression or sediment input from the west in the lowermost Akchagyl.
Positive evidence of marine influence higher in the section is provided by the presence of a low
diversity assemblage of foraminifera, including the calcareous benthonic taxa Cibicides and Cassidulina.
Morphometric studies of the latter, as outlined in Chapter 7, show that there are close affinities with
Cassidulina reniforme (Figure 7.6; Plate 7.1), which typically occurs in Arctic to Boreal biomes (as defined
by Dinter et al. 2001). This does not prove a connection between the Arctic Ocean and the Caspian Sea
at this time, but suggests it as a possibility. This is not a new idea, as an arctic to Caspian Sea connection
has been a subject of speculation in Russian literature for many years (see Alizadeh and Aliyeva, 2016)
and references therein. The possibility of a connection from the Mediterranean via the Black Sea is also
considered on the basis of new foraminiferal data obtained from the Adriatic Sea, but is considered
unlikely. Such is the complexity of foraminiferal taxonomy, which is further highlighted by DNA studies at
generic/species level (e.g. Darling et al. 2016), that a firm answer to true origins of the ‘arctic’ foraminifera
in the Caspian Sea may not be achievable without significant further study. An unusual brackish-marine
dinocyst assemblage occurs in the same interval which, unfortunately, does not have a clear provenance
indication.
In general, samples studied from the early Pleistocene (i.e. the presumed Akchagyl and Apsheron
intervals) have strong freshwater to brackish signals based on ostracods (Figure 7.4; Plates 7.2 to 7.5) and
palynology, suggesting that open marine influence was not extensive. The upper 300 m of the studied
section at Jeirankechmez contains a dinocyst assemblage (Figure 7.7; Plate 7.7) characterised by taxa
previously documented (and subsequently observed) mainly in Miocene sediments in the Pannonian basin
of Eastern Europe (e.g Sütő-Szentai, 1982) and parts of the Black Sea (Grothe et al. 2016b) during the late
Miocene. It is unclear why these taxa ‘re-appear’ in the Caspian Sea in the early Pleistocene, although a
connection from the Black Sea region is proposed as a possible cause.

‘Are the past and the present the keys to the future?’
And what of the future? The Caspian Sea is important strategically, socio-economically and ecologically.
In recent living memory, rising Caspian Sea levels of just a few metres in the years leading up to 1995
had catastrophic effects on infrastructure and the livelihoods of many thousands of people living in the
coastal regions (Kroonenberg, 2017). Since then, the trend has been mainly one of a gradual fall, attributed
mainly to increased evaporation over the Caspian Sea due to global warming by Chen et al. (2017). They
speculate further that Caspian Sea level will continue to decline in the foreseeable future as global, and
particularly northern hemisphere, temperatures continue to rise. If that scenario does occur, the ecological
and socio-economic consequences, especially in the shallower northern and eastern regions of the
Caspian Sea, would be severe.
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This thesis highlights some of the key geological, biostratigraphic, biological, geographical and
climatic events that have shaped the depositional history of the Caspian Sea over the last 6 million
years. Part 1 focuses on the late Pleistocene to present day. Part 2 is based on older geological
records from the latest Miocene to early Pleistocene.
Part 1: ‘the present is the key to the past’
Chapter 2 presents the results of a multi-disciplinary study of core samples and surface samples
from the lower Volga Delta, in the Damchik region of the Astrakhan Man and Biosphere Reserve.
Palynological analyses were undertaken on 231 samples from eight cores of Holocene age with
supplementary information obtained from selected analysis of core samples for ostracods and nine
surface samples studied for palynology and ostracods. Four main phases of delta development were
recognised during the Holocene. Phase 1 occurred during the early Holocene prior to ca. 9000 yr
BP and is a depositional record of the Baer Hills (‘Baery knolls’), the desert dunes associated with the
Mangyshlak lowstand when Caspian Sea level was ca. 80 m below its present level. Phase 2 records
brackish dinocysts in low-lying parts of the delta, suggesting a gradual rise in Caspian Sea level after
ca. 8900 cal. yr BP. Increased Chenopodiaceae-Amaranthaceae pollen between ca. 7820 and 7720
cal. yr BP may be related to the northern hemisphere ‘8200 year BP cold event’. Phase 3 commenced
at ca. 3770 cal. yr BP, marked by increases in arboreal pollen (e.g. Quercus, Ulmus, Tilia and Carpinus)
and brackish dinocysts (e.g. Spiniferites cruciformis, Impagidinium caspienense and Pterocysta
cruciformis), suggesting an expansion of woodland vegetation and varying Caspian Sea levels. Phase
4 after ca. 1850 cal. yr BP records incision of the delta and sediment inversion during the Derbent
lowstand (ca. 1180 to 570 cal. yr BP) at around the time of the ‘Medieval Warm Period’, followed
by a landward expansion of ‘avandelta’ aquatic vegetation, likely to equate with the ‘Little Ice Age’
Caspian Sea highstand. Chapter 2 also presents a comparison of the modern Volga Delta with the
Mio-Pliocene palaeo-Volga Delta.
Chapter 3 extends the record from the northern coastal region into the late Pleistocene in deposits
from the Emba-Ural Delta region of Kazakhstan, and is based around a sedimentological and
biostratigraphic study of six cores taken in the shallow water offshore area. Four stratigraphic units
are visible on seismic profiles and constrained by radiocarbon ages within the range of >43,500
to 390 ± 40 14C yr BP. Unit 4 is interpreted as a desert dune system, similar to the Baer Hills but
significantly older, linked with the Atelian lowstand of the Caspian Sea during MIS 4. Samples
studied for radiocarbon from this unit are beyond the dateable range. Unit 3 is argillaceous and was
deposited during MIS 3 in a shallow open water or lagoonal setting, based on its ostracod faunas.
Unit 2 is sandy and interpreted as a partial barrier bar complex deposited during MIS 2, prior to the
Last Glacial Maximum. Unit 1 is a thin marginal marine deposit of Holocene age. The palynological
records are unlike any previously observed from the Caspian Sea. Dinocyst assemblages show
a change from dominance by Pterocysta cruciformis in Unit 4 to Impagidinium inaequalis in Unit
3, possibly a response to a warming climate and / or increasing salinity. The pollen floras also
show significant change, including frequent pollen from thermophilous-hygrophilous trees (e.g.
Glyptostrobus pensilis) in Unit 3. If in situ, this would indicate that the Emba-Ural Delta region was a
‘refugium’ for plants of East Asian affinity during MIS 3.
Part 2: ‘the past is the key to the present’
Chapter 4 documents a palynological, biostratigraphic and sedimentological study of 282 outcrop
samples, collected mainly in the Kirmaky Valley and Yasamal Valley localities in Azerbaijan. The main
objective was to interpret the depositional environments of the Productive Series (PS), the main oil
and gas producing rocks in the western, central and south Caspian region. No new age information
was provided, but the consensus of opinion supports Soviet-era assertions that the PS was deposited
during the Pliocene between ca. 5.3 Ma and 2.71 Ma. The samples were mainly obtained from
the late Miocene ‘Pontian’ and the Pliocene PS and palynological data interpreted by means of
multivariate statistical analyses. ‘Pontian’ sediments contain mainly brackish lacustrine palynofloras
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which occur above a marine-influenced flooding event, dated at 6.12 Ma by van Baak et al. (2016).
There is an indication of a drying climate towards the end of the ‘Pontian’ that could be coincident
with the Messinian Salinity Crisis, but there is no direct evidence for a significant base level reduction
in the Caspian Sea at this time. Palynological assemblages from the Kirmaky Suite of the Lower
Productive Series (LPS) show depositional environments ranging from fluvial to deltaic-lacustrine.
Sand bodies are interpreted as mostly fluvial, with mudstones and siltstones representing lacustrine
flooding events. LPS deposition ended with the NKG clay, a largely red-bed succession interpreted
as a basinward migration of fluvio-lacustrine facies. The Pereryv-Fasila and Balakhany Suites of the
Upper Productive Series (UPS) consist mainly of fluvial sands. Palynofloras from clay and siltstone
beds indicate deposition mostly within fluvial and / or alluvial settings with terminal splays, and flood
plain lakes and ponds present. Muds within the overlying Sabunchi Suite were deposited mainly in
freshwater to saline flood plain lakes. Minor ‘Caspian Lake’ incursions in the UPS are suggested by
the sporadic presence of brackish dinocysts. Deposition is likely to have been strongly influenced
by changes in climate and discharge from the Volga and Kura rivers. There is a suggestion of cyclical
deposition evident from the palynological assemblages from the Kirmaky Suite, which recur over
intervals of ca. 80 to 100 m. Further investigation is required but it is possible that these relate to 100
kyr eccentricity cycles of orbital forcing.
UPS deposition ended with deposition of the sand-prone Surakhany Suite, which is the subject of a
sedimentological and palynological study in Chapter 5, based on outcrop data from two localities
in Azerbaijan. The Lokbatan locality, situated on the Apsheron Peninsula, has mainly mudstone
sediments with rare channelised and sheetflood siltstones and sandstones sourced from the Russian
Platform via the palaeo-Volga. The Babazanan locality, situated about 100 km to the south-west, has
numerous stacked and laterally extensive sandstone bodies and fewer mudstone units. A Lesser
Caucasus volcanic source, distributed via the palaeo-Kura, is inferred for most of the Babazanan
sandstones. Multivariate statistical analysis of palynological data from 58 outcrop samples shows
that there is considerable variation within the assemblages, with differences attributed to the site
of deposition and the relative extent of arid, humid, freshwater and saline influences. Deposition
at Lokbatan occurred primarily on a flood plain or exposed alluvial plain, with algal assemblages
suggesting the presence of ephemeral freshwater to saline lakes and ponds. The assemblages from
Babazanan show a greater extent of shallow water influences, but contained within a flood plain
setting. No brackish dinocysts were recorded, implying that ‘Caspian Lake’ influences were not
significant in the Surakhany Suite at the studied localities.
PS deposition across the central and southern Caspian region continued almost until the end of
the Pliocene (Piacenzian) and that termination is marked by a sharp lithological boundary, typically
from olive-brown silty sands and muds of the UPS to grey muds and fine-grained clastics of the
Akchagylian (Akchagyl) and overlying Apsheronian (Apsheron) Series. Chapter 6 is a study of pollen
and spores obtained from sediment cores and outcrops in the North Caucasus (the Caucasus
Mineral’nyye Vody region, the Tersko-Sunzhensky area and the foothills of Dagestan), and provides
a picture of past vegetation and climate change for the late Pliocene to early Pleistocene. The
lower Akchagyl is characterised at first by an open landscape dominated by steppe vegetation that
was subsequently replaced by forests with thermophilic relicts, consistent with climatic warming
at around 3.2 Ma. This is probably related to the ‘Mid Pliocene Warm Period’. During the middleupper Akchagyl and Apsheron periods, the vegetation cover of the North Caucasus gradually
changed, with forests replaced by steppe in response to episodes of aridification. Many of the
tree genera represented in the pollen records are remnants from the ‘Turgai Flora’ that originated
from Paleogene Boreal-Arctic temperate forests which persisted in Eurasia following the closure
of the central Asian ‘Turgai Seaway’ during the Oligocene. Inconsistencies in inferred ages and
lithostratigraphic nomenclature around the Plio-Pleistocene transition are highlighted.
Chapter 7 presents new palynological, ostracod and foraminiferal data from a long outcrop section
in the Jeirankechmez River valley, Azerbaijan, near the western coast of the Caspian Sea. More than
100 samples were studied for palynology, ostracods and foraminifera, of which 64 are from the latest
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Pliocene to early Pleistocene intervals, representing the uppermost part of the Pliocene PS and
the overlying Plio-Pleistocene Akchagyl and early Pleistocene Apsheron regional stages. Akchagyl
deposition is associated with a significant flooding event that, at its maximum extent, reached
the Sea of Azov and into present day Iran, Kazakhstan, Turkmenistan and Russia. Palynology and
ostracod data show that the lowermost beds of the Akchagyl at the Jeirankechmez locality contain
predominantly freshwater assemblages and only minimal marine or brackish content, suggesting that
the onset of Akchagyl deposition was not necessarily a marine induced event. Reworked Mesozoic
palynomorphs occur frequently in this lowermost interval, including the pollen taxa AquilapollenitesTriprojectus and Wodehousia that are mainly found in situ at localities to the north of 55 to 60° N.
Significant marine influence is evident ca. 30 m above the base of the Akchagyl, marked by the
‘Cassidulina Beds’ which contain a distinct, low diversity assemblage of foraminifera that occurs
widely and can be correlated in many parts of the greater Caspian region. Morphometric analyses
of these foraminifera show that they are most closely associated with Cassidulina reniforme, a cold
water species most often found in the Arctic Ocean. However, new data are presented in this study
which show for the first time that C. reniforme did extend its range into the Mediterranean (Adriatic)
Sea in at least one cold stage during the late Pleistocene. The findings open up the possibility of a
marine connection from the Arctic Ocean to the Caspian Sea coincident with the onset of northern
hemisphere Pleistocene glaciations, although this remains speculative. Other possibilities for the
dispersal of these foraminifera are via incidental vectors such as birds, aquatic fauna and ice-rafted
debris. An interval more than 300 m thick is assigned to the Apsheron stage on the basis of largely
brackish ostracod and dinocyst associations. The dinocysts are of ‘Peri-Paratethyan’ affinity and most
closely resemble species first described from Miocene sediments in the Pannonian Basin of Eastern
Europe. Many similarities exist in the microplankton records (dinocysts and acritarchs) between the
Caspian Sea, the Black Sea and central Paratethys and are reported for the first time.
Caspian palynofloras from the middle Pleistocene and early part of the late Pleistocene are the
subject of ongoing research and are referred to in several abstracts in the Appendix of the thesis.
The Caspian Sea that we see today is the result of a continuing process of basin isolation and
periodic reconnection with the world’s oceans.
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Dit proefschrift belicht een aantal geologische, biostratigrafische, geografische en klimatologische
sleutelgebeurtenissen die bepalend zijn geweest voor de afzettingsgeschiedenis van de Kaspische
Zee in de laatste zes miljoen jaar. Deel 1 behandelt het laat Pleistoceen tot aan de huidige tijd, deel 2 is
gebaseerd op oudere geologische gegevens vanaf het allerlaatste Mioceen tot het vroege Pleistoceen.

Deel 1: ‘het heden is de sleutel tot het verleden’
Hoofdstuk 2 behandelt de resultaten van een multidisciplinair onderzoek van boorkernen en
oppervlaktemonsters van de beneden Wolgadelta, in het Damtsjikgebied van het Astrachan Mens en
Biosfeer Natuurreservaat. Er werden 231 monsters uit acht Holocene kernen palynologisch onderzocht,
en daarnaast werd uit geselecteerde kernmonsters informatie verkregen over ostracoden, en werden
negen oppervlaktemonsters onderzocht op pollen en ostracoden. In het Holoceen worden vier fasen
van deltaontwikkeling onderscheiden. Fase 1 vond plaats in het vroege Holoceen vóór 9000 jaar BP
(Before Present, = vóór het jaar 1950) en wordt gekenmerkt door de afzetting van de ‘Baerheuvels’,
longitudinale woestijnduinen die samenhangen met de Mangyshlak laagstand, toen de Kaspische Zee
ongeveer 80 meter lager stond dan nu. Gedurende Fase 2 werden brakwater-dinoflagellatenkysten
afgezet in laaggelegen delen van de delta, wat doet vermoeden dat de Kaspische Zee na 8900 cal.
jaar BP (gecalibreerde leeftijd BP) langzaam steeg. In de periode tussen ca. 7820 en 7720 cal. jaar BP
nemen pollen van Chenopodiaceae-Amaranthaceae toe, wat misschien toegeschreven kan worden aan
de ‘8200 jaar BP koudepiek’ in het noordelijk halfrond. Fase 3 begon rond 3770 cal. jaar BP en wordt
gekenmerkt door een toename van boompollen zoals Quercus, Ulmus, Tilia en Carpinus en brakwaterdinoflagellatenkysten zoals Spiniferites cruciformis, Impagidinium caspienense en Pterocysta cruciformis,
wat doet veronderstellen dat de bosvegetatie toenam en het niveau van de Kaspische Zee varieerde. In
Fase 4 na ongeveer 1850 cal. jaar BP begon de delta zich in te snijden, en met name tijdens de Derbent
laagstand vanaf ongeveer 1180 tot rond 570 cal. jaar BP, omstreeks de tijd van de ‘Middeleeuwse
Warme Periode’. Enige koolstof-14-dateringen uit deze periode zijn geïnverteerd (oud op jong), mogelijk
door slumping. Daarop volgde een landwaartse uitbreiding van de ‘avandelta’ aquatische vegetatie,
die waarschijnlijk verband houdt met de hoogstand van de Kaspische Zee tijdens de ‘Kleine IJstijd’. In
hoofdstuk 2 wordt de moderne Wolgadelta ook vergeleken met de Mio-Pliocene paleo-Wolgadelta.
Hoofdstuk 3 breidt de geschiedenis van het noordelijk kustgebied uit naar het laat Pleistoceen met de
beschrijving van afzettingen uit het Emba-Ural deltagebied in Kazachstan, op grond van sedimentologisch
en biostratigrafisch onderzoek van zes kernen, offshore geboord in ondiep water. Vier stratigrafische
eenheden zijn te zien op seismische profielen, die met koolstof-14 gedateerd zijn tussen >43,500 en
390 ± 40 14C jaar BP. Eenheid 4 wordt geïnterpreteerd als een systeem woestijnduinen, vergelijkbaar
met de Baerheuvels maar aanzienlijk ouder, gerelateerd aan de Atel’ laagstand van de Kaspische Zee
gedurende Marine Isotope Stage (MIS) 4. Koolstof-14 analyse van monsters uit deze eenheid wijst uit
dat zij ouder zijn dan met deze methode gedateerd kan worden. Eenheid 3 is kleiïg en werd afgezet
tijdens MIS 3 in een ondiepe zee of lagune op grond van de ostracodenfauna. Eenheid 2 is zandig en
wordt geïnterpreteerd als een gedeelte van een strandwalcomplex afgezet tijdens MIS 2, voorafgaand
aan het Laatste Glaciale Maximum (LGM). Eenheid 1 is een dunne kustnabije zeeafzetting van Holocene
ouderdom. De pollenspectra lijken in het geheel niet op eerder waargenomen spectra van de Kaspische
Zee. Dinoflagellatenkysten-associaties laten een overgang zien van overheersend Pterocysta cruciformis
in Eenheid 4 naar Impagidinium inaequalis in Eenheid 3, misschien als gevolg van een warmer wordend
klimaat en/of toenemende saliniteit. De pollenflora laat ook significante veranderingen zien, met name
het veelvuldig voorkomen van pollen van warmte- en vochtminnende bomen (bijv. Glyptostrobus
pensilis) in Eenheid 3. Als dit in situ is, zou het aangeven dat het Emba-Ural deltagebied tijdens MIS 3 een
‘refugium’ was voor planten met een Oost-Aaziatische verwantschap.

Deel 2: ‘het verleden is de sleutel tot het heden’
Hoofdstuk 4 beschrijft palynologisch, biostratigrafisch en sedimentologisch onderzoek van 282 monsters,
hoofdzakelijk verzameld in ontsluitingen in het Kirmakydal en het Yasamaldal in Azerbeidzjan. Het
hoofddoel was om het afzettingsmilieu van de Productive Series (PS) vast te stellen, de voornaamste
olie- en gasproducerende gesteente-eenheid in het westelijke, centrale en zuidelijke Kaspische gebied.
Er zijn geen nieuwe ouderdomsgegevens verkregen, maar er bestaat consensus over de juistheid van
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beweringen uit de Sovjet-tijd dat de PS afgezet werd in het Plioceen tussen ongeveer 5.3 en 2.71 Ma
(miljoen jaar voor heden). De monsters werden hoofdzakelijk genomen uit het laat Miocene ‘Pontien’ en
de Pliocene PS, en de palynologische gegevens werden geïnterpreteerd met behulp van multivariate
statistische analyses. ‘Pontische’ sedimenten bevatten hoofdzakelijk brakwater lacustriene palynoflora, en
liggen bovenop een laag die wijst op een transgressie met mariene kenmerken die door van Baak et al.
(2016) gedateerd is op 6.12 Ma. Er zijn aanwijzingen voor een verdroging van het klimaat tegen het eind
van het ‘Pontien’, misschien in dezelfde tijd als de Messinian Salinity Crisis, maar er is geen direct bewijs
voor een aanzienlijke verlaging van de erosiebasis in de Kaspische Zee in die periode. De palynologische
associaties uit de Kirmaky Suite van de Onder-Productive Series (LPS) wijzen op afzettingsmilieus die gaan
van fluviatiel tot deltaïsch-lacustrien. De zandlichamen worden geïnterpreteerd als hoofdzakelijk fluviatiel,
terwijl de kleiïge sedimenten lacustriene overstromingsfasen vertegenwoordigen. De afzetting van LPS
eindigde met de NKG-klei, een grotendeels roodgekleurde opeenvolging: een aanwijzing dat de fluviolacustriene facies zich bekkenwaarts verplaatste. De Pereryv-Fasila en Balachany Suites van de BovenProductive Series (UPS) bestaan hoofdzakelijk uit fluviatiele zanden. Palynoflora uit klei-en siltsteenlagen
wijst op overheersende afzetting in fluviatiele en/of alluviale milieus met eindwaaiers, en met meren
en plassen in de overstromingsvlakten. De kleien in de daaropvolgende Sabuntsji Suite werden
hoofdzakelijk afgezet in zoete tot zoute overstromingsvlakten. Het sporadisch voorkomen van brakwaterdinoflagellatenkysten doet vermoeden dat er kortstondige ‘Kaspisch Meer’ transgressies optraden.
De afzetting van deze sedimenten stond waarschijnlijk sterk onder invloed van klimaatveranderingen
en van afvoervariaties van de Wolga en Kura rivieren. Op grond van de palynologische associaties van
de Kirmaky Suite lijkt er een zekere cycliciteit in te onderscheiden, met intervallen van 80 tot 100 m.
Misschien staat die in verband met de 100 000 jaar excentriciteitscycli in de baan van de aarde om de
zon, maar verder onderzoek daarnaar is vereist.
De Boven Productive Series eindigde met de afzetting van de overwegend zandige Surachany Suite,
die onderwerp is van het sedimentologisch en palynologisch onderzoek in Hoofdstuk 5, op grond
van gegevens van ontsluitingen op twee plaatsen in Azerbaijan. De Lokbatan-sectie op het Apsjeronschiereiland bestaat vooral uit kleiïge sedimenten met enkele sheetfloods en geulopvullingen van
siltstenen en zandstenen, afkomstig van het Russische platform via de paleo-Wolga. De Babazanansectie die ongeveer 100 km ten zuidwesten daarvan ligt, bestaat uit talrijke opeengestapelde en lateraal
uitgebreide zandsteenlichamen, en minder frequente kleisteen-eenheden. De meeste Babazananzandstenen worden geacht via de paleo-Kura aangevoerd te zijn uit vulkanische bronnen in de
Kleine Kaukasus. Multivariate statistische analyse van palynologische gegevens van 58 monsters uit
ontsluitingen laat een aanzienlijke variatie binnen de associaties zien, waarbij de verschillen worden
toegeschreven aan de plaats van afzetting en de relatieve mate van droge en vochtige, zoete en zoute
invloeden. De afzetting bij Lokbatan vond hoofdzakelijk plaats in een overstromingsvlakte of een onshore
alluviale vlakte, met algenassociaties die de kortstondige aanwezigheid van zoete tot zoute meren en
plassen doen veronderstellen. De associaties van Babazanan laten een grotere mate van ondiepwater
invloeden zien, maar steeds binnen de context van een overstromingsvlakte. Er werden geen brakwater
dinoflagellatenkysten waargenomen, wat impliceert dat ‘Kaspische Meer’ invloeden van geen betekenis
waren in de Surachany Suite op de bestudeerde locaties.
De afzetting van de PS over het hele centrale en zuidelijke Kaspische gebied ging door tot vrijwel het
einde van het Plioceen (Piacenzien), en dat eindpunt wordt gekenmerkt door een scherpe lithologische
grens, gekarakteriseerd door de overgang van olijfbruine siltige zanden en kleien van de UPS naar
grijze kleien en fijnkorrelige klastische sedimenten van het Aktsjagylien (Akchagyl) en de daaroverheen
afgezette Apsjeronien (Apsheron) Series. Hoofdstuk 6 beschrijft het onderzoek van pollen en sporen uit
sedimentkernen en ontsluitingen in de noordelijke Kaukasus (Mineral’nye Vody-gebied in de Kaukasus,
het Tersko-Sunzjenskygebied en de voetheuvels van Dagestan), en levert een beeld van de vroegere
vegetatie en klimaatverandering in het laat Plioceen tot het vroeg Pleistoceen. Het onderste Akchagyl
wordt in het begin gekenmerkt door een open landschap met steppevegetatie, dat later overging in
bossen met restanten van warmteminnende soorten, wat in overeenstemming is met een opwarming
van het klimaat rond 3.2 Ma. Dit staat waarschijnlijk in verband met de ‘Midden Pliocene Warme Periode’.
Tijdens de midden- en bovenste Akchagyl- en Apsheron-perioden veranderde het vegetatiedek van
de noordelijke Kaukasus geleidelijk, waarbij de bossen weer plaats maakten voor steppe als gevolg
van perioden met een droger klimaat. Veel genera van boomsoorten die in de pollensprectra zijn
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vertegenwoordigd zijn restanten van de ‘Turgaiflora’, die ontstond uit Paleogene Boreale-Arctische
gematigde bossen, die in Eurasië bleven bestaan na de sluiting van de Centraal-Aziatische ‘Turgaiwaterweg’. Er wordt met name aandacht besteed aan ongerijmdheden in de veronderstelde leeftijden en
in de lithostratigrafische naamgeving rond de overgang Plioceen-Pleistoceen.
Hoofdstuk 7 beschrijft nieuwe palynologische, ostracoden- en foraminiferengegevens van een
lange ontsluiting in het dal van de Jeiranketsjmez rivier in Azerbaijan, dicht bij de westelijke kust
van de Kaspische Zee. Meer dan 100 monsters werden onderzocht op palynologie, ostracoden
en foraminiferen, waarvan er 64 uit de laatste Pliocene tot vroeg Pleistocene tijdvakken dateren,
overeenkomend met het bovenste deel van de Pliocene PS en de daar bovenop liggende PlioPleistocene Akchagyl en vroeg Pleistocene Apsheron regionale stadia. De afzetting van de Akchagylsedimenten hangt samen met een belangrijke transgressie, die op het hoogtepunt de Zee van Azov
bereikte en tot diep in het tegenwoordige Iran, Kazachstan, Turkmenistan en Rusland doordrong.
Palynologische en ostracodengegevens tonen aan dat de onderste lagen van de Akchagyl-sedimenten
in de Jeiranketsjmezlokatie hoofdzakelijk zoetwaterassociaties bevatten, en slechts minimale
mariene of brakwater elementen, wat doet veronderstellen dat de aanvang van de Akchagylafzetting
niet noodzakelijkerwijs een vanuit zee gestuurde gebeurtenis was. Geremanieerde Mesozoische
palynomorfen komen vaak voor in deze onderste sectie, zoals de pollentaxa Aquilapollenites-Triprojectus
en Wodehousia, die hoofdzakelijk in situ gevonden worden op plaatsen ten noorden van 55 tot 60°
noorderbreedte. Significante mariene invloed begint pas duidelijk op ongeveer 30 m boven de basis
van de Akchagyl, en wordt gekenmerkt door de ‘Cassidulina-lagen’, die een duidelijk herkenbare, laagdiverse associatie bevatten die wijd verspreid is en in grote delen van het Groot-Kaspische gebied
gecorreleerd kan worden. Morfometrische analyse van deze foraminiferen toont aan dat zij het best
geassocieerd kunnen worden met Cassidulina reniforme, een koudwatersoort die het meest voorkomt
in de Arctische Oceaan. In dit onderzoek worden echter nieuwe gegevens gepresenteerd die voor het
eerst aantonen dat C. reniforme zijn verspreidingsgebied in elk geval in één koud stadium in het late
Pleistoceen uitbreidde tot in de Middellandse Zee (Adriatische Zee). Door deze vondsten is het mogelijk
geworden te denken aan een mariene verbinding tussen de Arctische Oceaan en de Kaspische Zee,
die samenviel met het begin van de vergletsjeringen van het noordelijk halfrond, hoewel dit speculatief
blijft. Andere mogelijkheden voor de verspreiding van deze foraminiferen zijn incidenteel transport
door vogels, waterdieren en ijsschotsen. Een meer dan 300 m dikke sectie wordt toegeschreven aan het
Apsheron-stadium op grond van meest brakwater ostracoden- en dinoflagellatenkystenassociaties. De
dinoflagellatenkysten hebben een ‘Peri-Paratethys’ verwantschap en lijken het meest op soorten die het
eerst beschreven zijn uit Miocene sedimenten in het Pannonische bekken van Oost-Europa. Er zijn veel
overeenkomsten tussen de microplanktonspectra (dinoflagellatenkysten en acritarchen) van de Kaspische
Zee, de Zwarte Zee en de centrale Parathetys; die worden hier voor het eerst beschreven.
De Kaspische palynoflora van het midden Pleistoceen en vroege delen van het laat Pleistoceen is
onderwerp van voortgaand onderzoek en wordt genoemd in verscheidene samenvattingen in de
Appendix van dit proefschrift. De Kaspische Zee die wij vandaag zien is het resultaat van een voortdurend
proces van bekkenisolatie en periodiek herstel van de verbinding met de wereldoceanen.
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Диссертация освещает некоторые основные геологические, биостратиграфические, биологические,
географические и климатические события, которые составляют историю осадконакопления
Каспийского моря за последние 6 миллионов лет. Часть 1 фокусируется на позднем плейстоцене
до современного времени. Часть 2 основана на более древних геологических записях от позднего
миоцена до раннего плейстоцена.

Часть 1: Настоящее – ключ к прошлому
В главе 2 представлены результаты мультидисциплинарных исследований голоценовых отложений,
вскрытых 8 скважинами в дельте Волги на Дамчикском участке Астраханского государственного
биосферного заповедника и отобранных здесь поверхностных (субрецентных) проб.
Палинологическое изучение 231 образца голоценовых отложений было дополнено выборочным
анализом остракод в голоценовых образцах и сопоставлено с палинологическими данными,
полученными для 9 субрецентных проб. На основании проведенных исследований установлены
четыре основные фазы развития дельты на протяжении голоцена. Фаза 1 относится к интервалу
раннего голоцена вплоть до ~9000 лет назад (л. н.); отложения этой фазы характеризуют время
формирования Бэровских бугров, т.е. пустынных дюн; это время соответствует Мангышлакской
регрессии, когда уровень Каспийского моря был примерно на 80 метров ниже современного. Фаза
2 отличается присутствием солоновато-водных диноцист в осадках на пониженных участках дельты,
что предполагает постепенное повышение уровня Каспийского моря после ~8900 календарных
лет назад (кал. л.н.). Увеличение содержания пыльцы Chenopodiaceae-Amaranthaceae между ~ 7820
и 7720 кал. л. н., вероятно, связано с похолоданием, имевшим место в северном полушарии 8200
л. н. Фаза 3, начавшаяся ~3770 кал. л. н., отмечена увеличением в палинологических спектрах
содержания пыльцы деревьев (в частности, дуба Quercus, вяза Ulmus, липы Tilia и граба Carpinus),
а также солоновато-водных диноцист (например, Spiniferites cruciformis, Impagidinium caspienense
и Pterocysta cruciformis), что свидетельствует о расширении лесной растительности и колебаниях
уровня Каспийского моря. Фаза 4, относящаяся ко времени после ~ 1850 кал. л.н., характеризуется
врезанием дельты и седиментационной инверсией во время Дербентского эпизода понижения
уровня моря (~1180 до 570 кал. лет назад), приблизительно соответствующего «Средневековому
теплому периоду» (Средневековый климатический оптимум), с последующей экспансией
«авандельтовой» водной растительности, которую можно связать с высоким уровнем Каспийского
моря в «Малый Ледниковый Период». В главе 2 также дано сравнение современной дельты Волги с
миоцен-плиоценовой дельтой Палео-Волги.
В Главе 3 рассматривается более ранний этап осадконакопления и развития ландшафтов по
данным, полученным по позднеплейстоценовым отложениям северной части Каспийского
моря в районе дельт рек Эмбы и Урала на территории Казахстана. Выполненные реконструкции
основываются на седиментологическом и биостратиграфическом исследовании осадков,
вскрытых шестью скважинами в мелководной прибрежной зоне. На сейсмических профилях
толщ, датируемых в диапазоне от >43,500 to 390 ± 40 14C лет, выделены четыре стратиграфические
единицы (толщи). Толща 4 интерпретируется как система пустынных дюн, похожих на Бэровские
бугры, но значительно более древних, связанных с низким стоянием Каспийского моря во время
ательской регрессии, отвечающей морской изотопной стадии MIS 4. Радиоуглеродный возраст
образцов из этого интервала выходит за пределы метода радиуглеродного датирования. Глинистая
толща 3 накапливалась, судя по фауне остракод, в условиях открытого мелководья или в лагунном
бассейне во время изотопной стадии MIS 3. Песчаная толща 2 интерпретируется как комплекс
барьерных баров, сформированных во время MIS 2, перед Последним Ледниковым Максимумом
(Last Glacial Maximum, LGM). Толща 1 представляет собой маломощный слой морских отложений
голоценового возраста. Спорово-пыльцевые комплексы заметно отличаются от таковых, полученных
ранее для Каспийского моря. В комплексах диноцист прослеживается переход от преобладания
Pterocysta cruciformis в толще 4 до господства Impagidinium inaequalis в толще 3, являющийся, по
всей вероятности, реакцией на потепление климата и/или увеличение солености. Наблюдаются
также существенные изменения в составе пыльцевой флоры, в том числе значительное количество
пыльцы тепло- и влаголюбивых деревьев (например, Glyptostrobus pensilis) в толще 3. Если
принять в качестве автохтонных (in situ) находки этой пыльцы, то это могло бы указывать на то,
что на протяжении MIS 3 район дельты рек Эмба и Урал был «рефугиумом» для растений, близких
восточноазиатским флорам.
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Часть 2: Прошлое – ключ к настоящему
В главе 4 приводятся результаты палинологического, биостратиграфического и
седиментологического исследования 282 образцов, собранных из обнажений главным образом
в Кирмакинской и Ясамальской долинах в Азербайджане. Основная задача заключалась в
том, чтобы реконструировать условия осадконакопления Продуктивной Толщи (ПТ), основной
серии нефте- и газоносных пород в западной, центральной и южной частях Каспийского
региона. Никакой новой информации о возрасте не было получено, тем не менее, единодушно
поддерживаются полученные ранее (в советское время) выводы о том, что ПТ накапливалась
на протяжении плиоцена в интервале примерно 5,3–2,71 млн лет назад. Палинологические
данные, полученные главным образом для образцов из позднемиоценовых (понтический ярус) и
плиоценовых (продуктивная толща) отложений, интерпретировались с помощью многомерного
статистического анализа. Понтические отложения содержат главным образом солоноватые озерные
палинофлоры, развитие которых последовало за эпизодом затопления, связанным с повышением
уровня моря и датированным 6,12 млн. л. н. (van Baak et al. 2016). В отложениях, соответствующих
концу понтического времени, наблюдались признаки иссушения климата, которое могло совпадать
с Мессинским Кризисом Солености, однако прямые доказательства существенного снижения
уровня Каспийского моря в это время отсутствуют.
Палинологические комплексы из Кирмакинской свиты нижнего отдела Продуктивной Толщи (НПТ)
свидетельствуют об условиях осадконакопления, варьирующих от речных до озерно-дельтовых.
Песчаные серии интерпретируются преимущественно как речные, с прослоями аргиллитов и
алевролитов, соответствующих эпизодам повышения уровня озера. Формирование нижней
продуктивной свиты (НПТ) заканчивалось отложением глин НКГ – серии преимущественно
красноцветных осадков, интерпретируемой как смещение области отложения озерно-речных
фаций в сторону бассейна. Свита перерыва (Фасила) и балаханская свита Верхней Продуктивной
Толщи (ВПТ) состоят в основном из речных песков. Палинофлоры из глинистых и алевролитовых
слоев указывают, что осадконакопление происходило в основном в речных и/или аллювиальных
обстановках, с участием пролювиальных конусов выноса, а также в пойменных озерах и прудах. Илы
в вышележащей сабунчинской свите накапливались главным образом в пойменных озерах различной
солености, от пресноводных до соленых. Незначительные вторжения «Каспийского озера» в
процессе образования ВПТ можно предположить на основании спорадических находок солоноватоводных диноцист. Вероятно, на осадконакопление в значительной степени влияли изменения
климата и расхода рек Волги и Куры. Спорово-пыльцевые комплексы из кирмакинской свиты
позволяют предположить циклический характер осадконакопления, с интервалами примерно от 80
до 100 м. Необходимы дальнейшие исследования, но не исключено, что эта цикличность связана с
циклами изменения эксцентриситета земной орбиты с периодом 100 тыс. лет.
Образование Верхней Продуктивной Толщи (ВПТ) закончилось накоплением опесчаненной
сураханской свиты, результаты изучения которой представлены в Главе 5. Седиментологические и
палинологические характеристики этой свиты получены при изучении обнажений в двух районах
Азербайджана. В Локбатанском местонахождении, расположенном на Апшеронском полуострове,
она сложена в основном аргиллитами с редкими включениями тел алевролитов и песчаников,
отложенных русловыми и плоскостными потоками; источником этого материала, поступавшего
через Палео-Волгу, были породы Русской платформы. Бабазананское местонахождение,
расположенное примерно в 100 км к юго-западу, представлено мощными нагромождившими и
латерально распространенными толщами песчаника, , и немногочисленными пачками аргиллитов.
Большая часть материала для песчаников Бабазанана поступала через Палео-Куру с вулканического
Малого Кавказа. Палинологические данные, полученные для 58 образцов из обнажений на
суше и обработанные с помощью многовариантного статистического анализа, показывают
значительные различия в составе палинологических комплексов, связанные с разнообразием
обстановок осадконакопления и относительной продолжительностью эпизодов аридных,
гумидных, пресноводных и соленоводных условий. Осадконакопление в Локбатане происходило
в основном на пойме или незатопляемой аллювиальной равнине, с комплексами водорослей,
свидетельствующих о развитии временных пресноводных и соленых озер и прудов. Комплексы
из Бабазанана показывают более значительное развитие мелководных бассейнов, но в условиях
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пойменной равнины. Какие-либо солоноватоводные диноцисты в изученных палинокомплексах не
обнаружены, и, следовательно, можно предполагать, что в изученных местонахождениях влияние
'Каспийского озера', на формирование сураханской свиты было незначительным.
Формирование Продуктивной Толщи в центральной и южной частях Каспийского региона
продолжалось почти вплоть до конца плиоцена (пьяченцский ярус), и его окончание отмечено
резкой литологической границей, как правило, отделяющей оливково-бурые илистые пески и
илы Верхней Продуктивной Толщи от серых илов и мелкозернистых обломочных отложений
акчагыльской толщи и вышележащих апшеронских слоев.
Глава 6 освещает результаты спорово-пыльцевого анализа отложений, вскрытых скважинами и
описанных в обнажениях на Северном Кавказе (в районе Кавказских Минеральных Вод, ТерскоСунженском районе и предгорьях Дагестана). Полученные данные позволили реконструировать
изменения растительности и климата в течение позднего плиоцена и раннего плейстоцена.
Нижний акчагыл характеризуется открытыми ландшафтами с господством степной растительности,
которые впоследствии сменились лесами, отмеченными присутствием термофильных реликтов,
связанным с потеплением климата около 3,2 млн лет назад. Вероятно, это событие соответствует
«Среднеплиоценовому теплому периоду» (‘Mid Pliocene Warm Period’). Во время среднего и
верхнего акчагыльского и апшеронского периодов растительный покров Северного Кавказа
постепенно менялся, леса замещались степями в интервалы аридизации климата. Многие роды
древесных пород, представленных в пыльцевых записях, являются остатками «Тургайской флоры»,
произошедшей из палеогеновых бореально-арктических умеренных лесов, которые сохранялись
в Евразии после закрытия центральноазиатского «Тургайского пролива» в олигоцене. Выявлены
несоответствия в предполагаемых возрастах и литостратиграфической номенклатуре вблизи
границы плиоцена и плейстоцена.
В главе 7 представлены новые данные палинологического анализа и изучения состава
остракод и фораминифер в отложениях большой мощности, вскрытых в обнажении в долине
реки Джейранкечмез, вблизи западного побережья Каспийского моря в Азербайджане.
Вышеуказанными методами были изучены более 100 образцов, из которых 64 образца относятся к
позднеплиоценовым и раннеплейстоценовым интервалам, представляющим самую верхнюю часть
плиоценовой Продуктивной Толщи и вышележащие отложения плиоцен-плейстоценового акчагыла
и раннеплейстоценового апшерона региональных ярусов. Осадконакопление акчагыла связано
со значительной трансгрессией, которая во время максимального развития достигала Азовского
моря и проникала на территорию нынешнего Ирана, Казахстана, Туркменистана и России. Данные
палинологии и остракод показывают, что самые нижние акчагыльские слои в местонахождении
Джейранкечмез содержат ископаемые остатки преимущественно пресноводных сообществ и
лишь незначительное количество морских или солоноватоводных форм. Это свидетельствует, что
начало акчагыльского осадконакопления не обязательно связано с морскими обстановками. В этом
самом нижнем интервале часто встречаются переотложенные мезозойские палиноморфы, включая
таксоны пыльцы Aquilapollenites-Triprojectus и Wodehousia, которые в основном встречаются in
situ к северу от 55–60° с. ш. Значительное морское влияние проявляется примерно на уровне 30
м выше подошвы акчагыла; этот уровень отмечен «кассидулиновыми слоями» («Cassidulina Beds»),
которые содержат характерный, с низким видовым разнообразием, комплекс фораминифер,
который широко распространен и может быть использован для корреляции многих районов на
большей части Каспийского региона. Морфометрический анализ этих фораминифер показывает,
что они наиболее тесно связаны с Cassidulina reniforme, холодноводным видом, наиболее часто
встречающимся в Северном Ледовитом океане. Однако в нашем исследовании представлены
новые материалы, которые впервые показывают, что ареал C. reniforme распространялся вплоть
до Средиземного (Адриатического) моря, по крайней мере, в одну из холодных стадий позднего
плейстоцена. Полученные данные свидетельствуют о возможности существования морской
связи между Северным Ледовитым океаном и Каспийским морем, совпадающей по времени с
возникновением плейстоценовых оледенений в северном полушарии, хотя это предположение
остается спекулятивным. Существуют и другие возможности распространения этих фораминифер,
такие как случайный перенос птицами, водной фауной и с обломками, включенными в плавучий
лед. Интервал разреза мощностью свыше 300 м относится к апшеронскому ярусу на основании
преимущественно солоноватоводных комплексов остракод и динофлагеллят. Диноцисты близки
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комплексам Пери-Паратетиса («Peri-Paratethyan») и обнаруживают наибольшее сходство с видами,
впервые описанными из миоценовых отложений в Паннонском бассейне Восточной Европы.
Впервые установлено большое сходство ископаемого микропланктона (диноцисты и акритархи)
районов Каспийского моря, Черного моря и центрального Паратетиса.
Каспийские палинофлоры из среднего плейстоцена и ранней части позднего плейстоцена
являются предметом продолжающихся исследований и упоминаются в нескольких тезисах в
приложении к диссертации. Каспийское море, которое мы видим сегодня, является результатом
продолжающегося процесса изоляции бассейна и периодического восстановления связи с
Мировым океаном.
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embarked on the first of a series of Hull University expeditions. This was to Krakatoa (Krakatau), Indonesia,
under the leadership of John Flenley. We billed ourselves as the Krakatoa Centenary Expedition, with the
aim of re-surveying the vegetation of the Krakatoa islands 100 years after its huge eruption in 1883. Yes,
we were ahead of our time, four years ahead as it was helpfully pointed out by Private Eye magazine! But
survey the vegetation we did, and this led to the first of many publications and subsequent expeditions
to the islands. Keith led a follow-up trip to Krakatoa in 1983 that included Mark Bush as co-member,
and, with the centenary year now correct, it generated considerable local and national media coverage.
Back on earth, Keith completed his B.Sc. dissertation on the regeneration of beech forest in the Forêt de
Soignes, on the outskirts of Brussels.
After graduation in 1980, Keith was invited by Richard ‘The Colonel’ Baker to participate in another Hull
University expedition, this time to Cameroon, West Africa. During three months of fieldwork, the group
was able to collect a 13 m core from Mboandong, a crater lake just to the north of Mount Cameroon. With
partial funding from the Nuffield Foundation, Keith worked on the pollen content of this 6000-year-old
core, and it led to the award of an MSc in 1987. Part of the time was spent as a guest of Dan Livingstone
at Duke University, North Carolina. In the meantime, Keith started working as a palynologist at Robertson
Research, North Wales in 1985, at first working extensively on samples from the Niger Delta, quite
fortuitously having learned the basics of African pollen from the study of the Cameroon lake core.
Working in industry as a palynologist is no doubt different to working in academia, but, with the right
approach and attitude, it is still rewarding and provides a ‘window’ into worlds that might otherwise
remain hidden from view. Keith spent more than 10 years at Robertson Research, including extended
periods working in overseas offices in Singapore and Jakarta. In that time, he has worked on palynological
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studies from almost all parts of the world, but with a special fondness for the tropical regions of Asia,
Africa and Latin America. He opted to become an independent consultant in January 1997 and set up KrA
Stratigraphic Ltd. Since then he has continued with palynological and stratigraphic studies from around
the world, with particular emphasis on the Caspian Sea, Black Sea, Eastern Mediterranean, South America,
West Africa and South East Asia, and is familiar with palynofloras from most areas of the world, ranging in
age from Recent to Plio-Pleistocene, Cenozoic, Mesozoic and Late Paleozoic.
Around the year 2000, Keith started to become involved in commercial palynological studies from the
Caspian Sea, mainly on behalf of BP (British Petroleum). It soon became clear that the Caspian Sea was a
very tough nut to crack, and that the only way to crack it was to work in collaboration with others. The first
of several key associations was with Salomon Kroonenberg and Robert Hoogendoorn at Delft University
of Technology, as part of a project to understand the drivers behind Caspian Sea level change, and how
regional climate and sea/lake level trends can be detected in Caspian deltas, such as the Volga, the
Kura and the Emba-Ural. In more recent years, links have made with Utrecht University and University of
Amsterdam, among others. These were vital steps on the road to completing this PhD study: it would not
have been possible otherwise.
In the real world, Keith enjoys travelling as far and wide as possible, both with work and for leisure, and
has spent time in Indonesia, Papua New Guinea, Australia, Vietnam, Colombia, Brazil and Russia among
several others. He enjoys live music, mainly obscure left-field rock bands that not many folks have heard
of, some with Dutch-sounding names. Spare time is spent walking in the outdoors of North Wales, or road
running. Keith has completed three marathons in recent years in Brighton, London and Berlin, raising over
£5000 for the WaterAid charity.
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2004
Aspects of Caspian palynology: Tertiary to Recent
K. Richards
Talk presented at the XI International Palynological Congress, Granada, Spain, July 2004
The Caspian Sea is the world’s largest inland body of water, and is bound geographically by Russia to the
north-west, Kazakhstan to the north-east, Azerbaijan to the west, Iran to the south and Turkmenistan to
the east. Palynologically, the Caspian Sea has only recently been the focus of detailed studies, partly due
to the importance of the offshore area to oil and gas exploration, but equally because the Caspian Sea
sediments provide a unique opportunity for research into the regional vegetation and climatic history. This
presentation is based on detailed palynological studies of Miocene to Recent sediments carried out by
the author, on cores from offshore wells, shallow boreholes and outcrop samples from Azerbaijan.
Structurally, the Caspian Sea is divided into two parts; the shallower North Caspian (maximum depth
788 m) and the deeper South Caspian (maximum depth 1025 m). The two regions are separated by a
sub-sea ridge, where the water depth is less than ca. 200 m, which extends eastwards from the Apsheron
peninsula. Temperature and salinity gradients also exist between the northern and southern regions.
Surface water temperatures vary from below zero to around 26°C in the north, compared with 7 to 28°C
in the south. Salinity is also lowest in the north due to the freshwater influx from the Volga. During the
summer months, when the Caspian is ice-free, salinities at surface are very low (1-5‰) in the extreme north
and increase gradually southwards, becoming relatively stable at around 12 to 14‰ (just less than half the
normal salinity of ocean waters). Salinity in the Caspian Sea does not increase greatly in the bottom waters,
although there are areas, such as the Kara Bogaz inlet on the eastern coast, where salinity may be very
high. The majority of incoming rivers flow from the northern and western coastlines. Of these, the Volga is
by far the most significant and contributes around 80% of the total fluvial discharge to the Caspian Sea.
In Azerbaijan, much of the emphasis of palynological studies has been placed on the sediments which
make up the so-called 'Productive Series' which are predominantly of Early Pliocene age and contain
most of the onshore and offshore hydrocarbon reserves. The onset of deposition occurred approximately
at the end of the Miocene, when the Caspian Sea became cut off from any open marine connection.
This isolation of the Caspian Sea can be demonstrated palynologically in sediments of late Miocene
(Messinian) age, which show a gradual change from marine-dominated to non-marine, low salinity
palynological assemblages. The associated terrestrial pollen component typically includes relatively
common Artemisia, which indicates a dry climate at this time. The in situ dinocyst components present
include the 'cruciform' types of the Spiniferites cruciformis complex, confirming that these types evolved
in the pre-Pleistocene. The palynological assemblages from the 'Productive Series' are usually very rich
and contain varying proportions of extra-regional pollen (e.g. Pinus) and regionally / locally derived
pollen components. The quantitative palynological records can be used to show cyclicity and change
in palaeo-vegetation and climate. The relative proportions of brackish water dinocysts (e.g. Spiniferites
cruciformis) and freshwater algae (e.g. Pediastrum) give an indication of palaeo-salinity and can be used
to infer periods of relative highstand and lowstand within the Caspian Sea. Another feature is the frequent
presence of reworked pollen, spores and dinocysts of Permo-Triassic, Jurassic, Cretaceous and Early
Tertiary age. Sediments of late Pliocene(*) age in the region include the Akchagyl Beds which are marked
palynologically by a re-appearance of open marine dinocysts, signalling a brief period of open marine
connection, probably via the Black Sea(**). The Pleistocene succession can be sub-divided palynologically
into several glacial and inter-glacial stages, although these cannot be accurately dated on the basis of
palynology alone.
(*) now confirmed to be of late Pliocene to early Pleistocene age
(**) new evidence suggests the first marine connection at this time was from the Arctic Ocean
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2008
New palynological records from the Holocene and late Pleistocene of the Volga Delta (Russian
Federation) and the north Caspian region, and their implications for vegetation and climate history, delta
evolution and Holocene Caspian sea level change
K. Richards, N.S. Bolikhovskaya
Talk presented at the XII International Palynological Congress, Bonn, Germany, August-September 2008
New palynological data are presented from the Holocene and late Pleistocene of the Volga Delta. The
data are from shallow (ca.10 m) cores taken from the Astrakhan Biosphere Reserve, close to Damchik
village. Radiocarbon dates are available from most cores. Around 200 samples were studied from eight
cores, and most contained rich recovery of palynomorphs, including pollen, spores, algae and dinocysts.
The pollen flora includes frequent Gramineae, Artemisia and Chenopodiaceae, indicating a strong pollen
influx from non-forest vegetation (steppe, semi-desert and desert). Pinus sylvestris is locally common and
is a long-distance, mainly wind-dispersed element. Tree pollen types such as Quercus, Ulmus, Tilia and
Carpinus are also locally common. The data are compared with existing pollen records from Solenoe
Zajmishche, ca. 200 km to the north, where maxima of tree pollen provide evidence for several Holocene
climatic optimum periods (Bolikhovskaya, 1990). Willow trees occur mainly on natural levees between the
main Volga River channels at present, and the distribution of Salix pollen in the cores gives an indication
of channel migration over time. Pollen from emergent reeds (e.g. Typha and Sparganium) and submerged
aquatic plants (e.g. Potamogeton) indicate the relative extent of reedbeds and open water habitats. Algal
bodies and dinocysts illustrate the relative importance of freshwater and brackish (Caspian) influences.
late Pleistocene to early Holocene deposits typically consist of reddish brown clays, and are characterised
palynologically by frequent fungal spores and hyphae. Channel deposits, identified on shallow seismic,
contain frequent Mesozoic reworking. The first phase of Holocene delta deposition occurred after ca.
7000 BP and is marked by a 'flood' of dinocysts (mainly Spiniferites cruciformis) overlain by an interval
with increased freshwater components (e.g. Pediastrum). The second phase occurs after ca. 3000 BP
and includes several short-lived transgressions, each marked by dinocyst 'floods' (mainly Impagidinium
caspienense). Pinus sylvestris pollen is also frequent and coincides with an increase in the abundance and
diversity of Mesozoic reworking. Most boreholes also have increased numbers of dinocysts within the
uppermost metre of sediment, likely to represent the documented increase in Caspian Sea levels in recent
historical times (since ca. 1980). Surface samples have also been studied palynologically from around the
north Caspian region, including Dagestan, the present day Volga Delta and lagoonal / isolated saline lake
regions of Kazakhstan.
2010
Late Miocene to Holocene pollen records from the palaeo-Volga Delta in the Caspian Sea: development
and evolution of Caspian floras and comparisons with other Paratethyan basins
K. Richards
Talk presented at the 8th European Palaeobotany-Palynology Conference, Budapest, Hungary, July 2010
Late Tertiary and Quaternary palynofloras and macrofloras in the Paratethyan basins have many elements
in common. There are, however, difficulties in direct comparison between individual basins / sub-basins
due to the nature of the stratigraphic records that are preserved and available for study. New pollen
data are presented from the Caspian Sea which show similarities between late Miocene, Pliocene and
Quaternary palynofloras of the Caspian region with pollen and macrofossil records from other Paratethyan
basins, including the Aral Sea, Black Sea, Dacic and Pannonian basins. The Caspian records are from core
and outcrop in Azerbaijan (late Miocene-Pliocene-Pleistocene) and shallow cores from the modern Volga
Delta (late Pleistocene-Holocene).
The Mio-Pliocene pollen data indicate that a sub-tropical climate prevailed in the central and south
Caspian basin, at a time when the palaeo-Volga Delta was situated ca. 500 km to the south of its present
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position. The delta occupied a wide expanse of the central Caspian region and supported mixed subtropical and warm temperate floras. Tree taxa included Quercus, Ulmus, Juglans, Zelkova and others,
including locally frequent Taxodiaceae (probably Glyptostrobus) which shows that swamp / riparian forest
habitats were periodically established. Dry-adapted salt-marsh communities also occurred, with frequent
Chenopodiaceae pollen. The Mio-Pliocene palynofloras indicate seasonally controlled deltaic deposition
occurring during a period of relatively warm climate with alternating humid and arid conditions.
Records from the Holocene Volga Delta include frequent grass and aquatic pollen (e.g. Potamogeton)
sourced from the more open water localities and salt-marsh pollen from the dry parts of the delta. Tree
pollen are derived mostly from cold temperate plants including Pinus, Salix and Betula, reflecting the
more northerly position of the delta in recent times. They do not include any significant Taxodiaceae. The
older pollen records from the Caspian show that Taxodiaceae remained common throughout the late
Miocene and Pliocene, becoming extinct (or very much reduced) at the end of the Pleistocene. This was
probably due to a combination of cold and dry climates at intervals during the Pleistocene and, perhaps
most significantly, a major lowering of Caspian sea level during the Mangyshlak regression approximately
10,000 years ago. The palaeo-Volga Delta was probably a ‘refugium’ locality in the central Caspian region
where warm and relatively humid conditions prevailed during the late Miocene and Pliocene. The region
may have acted as a ‘stepping stone’ for plant dispersal, enabling an exchange of sub-tropical and warm
temperate plant species between the Asian and East European plains during the Late Tertiary. The present
day Volga Delta continues to support extensive communities of wetland and swamp floras in a region
otherwise dominated by desert and dry steppe.
Palynology of pre-Holocene and Holocene shallow cores from the Damchik region of the Volga Delta:
Palynological assemblages, zones, depositional environments and Caspian Sea level
K. Richards, N.S. Bolikhovskaya
Talk presented at The Caspian region: Environmental Consequences of the Climate Change, Moscow,
Russia, October 2010
New palynological data are presented from the Holocene and late Pleistocene of the Volga Delta. The
data are from shallow (ca.10 m) cores taken from the Damchik region of the Astrakhan Biosphere Reserve,
Russia, during fieldwork carried out in 2006 and 2007. Around 210 samples were analysed for palynology
(by K. Richards and N. Bolikhovskaya) from seven cores. Core locations were selected based on shallow
seismic surveys, giving a spread of localities from the proximal (northern) and distal (southern) parts of the
14
study area. The results are calibrated by C dates.
Almost all of the samples selected for study contained rich recoveries of palynomorphs, including
mixed associations of pollen, spores, algae and dinocysts. The pollen floras include several types of tree
(arboreal) pollen including Pinus (pine), Quercus (oak), Ulmus (elm), Tilia (lime) and Carpinus (hornbeam).
Other types include Betula (birch), Alnus (alder) and Salix (willow). The latter can be found frequently
growing at the river margins (levees) of the present day Volga Delta. Pollen from herbaceous (nonarboreal) plants occurs frequently and includes Gramineae (grass), Artemisia (mainly cold and dry 'steppe'
plants) and Chenopodiaceae (typically from desert and / or salt-marsh localities). Another important
group includes pollen from various aquatic (i.e. water-dwelling) plants. These include open water,
floating, types such as Potamogeton (pond weed) as well as rooted forms such as Sparganium (bur reed)
and Typha (reed mace). Seven palynological zones, prefixed DP (Damchik Palynology), were identified
14
which are further sub-divided into 11 sub-zones. Most are constrained by C dates. Furthermore, the
zones can be broadly correlated to the palynological climate / vegetation scheme for the Lower VolgaAkhtuba study at Solenoye Zaimishche (Bolikhovskaya 1990; Bolikhovskaya & Kasimov 2008) and also to
interpreted transgressive / regressive phases of the Caspian Sea (e.g. Varuschenko et al. 1987).
Zone DP-7 is assigned only in Damchik-9, where it occurs within a thick interval of reddish sand and
clay. It is characterised palynologically by mainly poor recovery (in the upper part) and by the presence
of frequent (mainly Mesozoic) reworking in the lower part. Tree pollen is rare or absent, except for pine
pollen which is locally common.
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Sub-zone DP-7a: frequent Pediastrum
Sub-zone DP-7b: frequent Mesozoic reworking.
DP-7 is thought to indicate a channel succession with significant downcutting and reworking, so is likely
to be represent a period of relative lowstand, although the localised peak of freshwater algae suggests
periodic water flow and perhaps overbank deposition.
Inferred age: DP-7 is not directly dated in this study, but it is likely to be mostly, if not entirely, of preHolocene age. It is likely to represent, possibly, the earliest phase of the Mangyshlak regression (earliest
Holocene) and an older, but undated part of the late Pleistocene.
The top of DP-6 is marked by a high abundance peak of fungal bodies (mainly spores) and is clearly
visible in several of the studied sections. A low diversity pollen assemblage also occurs, which may contain
common Chenopodiaceae, and other non-arboreal pollen. Freshwater algae (Pediastrum) are also locally
common. DP-6 is interpreted as a broadly regressive period. Fungal bodies are frequently associated with
soils, or similar sediments where there is an element of sub-aerial exposure. In addition, the presence of
locally frequent Chenopodiaceae pollen and freshwater algae, suggests depositional conditions varying
between sub-aerial, hyper-saline and freshwater. These would have occurred in the Baer Hills, a dune
field formed during the Mangyshlak regression (see below), which, as at the present time where they
are exposed to the west of the modern delta, probably also had saline and freshwater habitats between
the dunes. DP-6 is assumed to indicate penetration of sediments equivalent to the Baer Hills below the
modern delta. They are represented lithologically, for the most part, by reddish brown ('chocolate') sands,
silts and clays.
14
Inferred age: The calibrated C date of 8072 BP from the very top of DP-6 (in Damchik-18) equates
approximately with the late Boreal and the latter part of the Mangyshlak (regressive) stage. There are no
dates from the older part of zone DP-6 but the regional correlations suggests an earliest Holocene age.
DP-5 is a very distinct zone and is characterised by a peak abundance in Chenopodiaceae pollen (to in
excess of 50% of the total palynoflora). Chenopodiaceae pollen is typically indicative of salt-marsh or
similar dry or salt-prone localities. Pollen of the Ephedra distachya type, which has a similar ecological
tolerance, is also locally common. Samples from DP-5 may also contain low to moderate numbers of
brackish dinocysts, almost always Spiniferites cruciformis. The pollen assemblage indicates a dry climate
and almost certainly minimal run-off in the river systems. Caspian sea levels are likely to have been in a
brief period of relative lowstand, with salt-marsh ('salt-bush') vegetation extending over large areas of the
delta (similar vegetation types do occur at the present time in the dry upper and middle parts of the delta,
away from the fluvial channels and seasonally flooded regions). Even though the delta region was largely
arid at the time, a small rise in sea level would have flooded over the delta front areas, bringing in the
brackish dinocysts
14
Inferred age: Calibrated C dates of 8072 BP from just below DP-5 (in Damchik-18) and 7287 BP in the
base of DP-4 (Damchik-22) give a reliable age range for the zone. DP-5 is likely to correspond to a shortlived, but severe, dry period during the early part of the Atlantic period.
DP-4 is characterised by significant increases in pollen from herbaceous plants, notably Artemisia, grasses
(Gramineae) and salt-bush (Chenopodiaceae). Fungal bodies, freshwater algae (Pediastrum) and dinocysts
(Spiniferites cruciformis) are also locally frequent. DP-4 is condensed in Damchik-9 and has a 'channel
association', with frequent reworking, in Damchik-21 (sub-zone DP-4d).
Sub-zone DP-4a: increased grass pollen and fungal bodies
Sub-zone DP-4b: increased Artemisia and Pediastrum
Sub-zone DP-4c: local increase Spiniferites cruciformis
Sub-zone DP-4d: poor palynomorph recovery with locally frequent Mesozoic reworking.
The overall palynofloras in DP-4, with frequent non-arboreal pollen, suggest a largely dry succession, but
with intervening humid episodes. The 'channel association' (sub-zone DP-4d) suggests an initial period
of downcutting, presumably during a regressive regime. The increase in brackish dinocysts (sub-zone DP4c) is indicative of a Caspian transgression, with a subsequent increase in Pediastrum (sub-zone DP-4b)
representing a dilute, freshwater highstand period. The overlying interval (sub-zone DP-4a) suggests a
subsequent regression with increased fungal bodies recorded.
14
Inferred age: DP-4 is well constrained by C ages. The youngest calibrated age (at the top of the zone in
Damchik-17) is 3620 BP and subsequent ages are all progressively older, and therefore probably reliable.
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The base of the zone is dated as 7287 BP in Damchik-22. The age ranges and correlations to other
sections suggest that zone DP-4 represents most of the Atlantic period and extends into the early and mid
Subboreal. It is unlikely, however, that continuous sedimentation occurred at any one locality, and gaps in
the record are therefore probable.
DP-3 is present in all (except one) of the studied sections and is assigned primarily on the increased
presence of warm-tolerant, broad-leaved tree pollen types, such as Quercus, Ulmus, Tilia and Carpinus
(the 'QUTC group' described by Bolikhovskaya 1990). Freshwater algae, mainly Pediastrum are also
common or abundant. DP-3 also coincides with the appearance (up-section) of frequent dinocysts (mainly
Impagidinium caspienense) and also with increased pine pollen and reworking, especially of Mesozoic
dinocysts.
Sub-zone DP-3a: localised increase in Chenopodiaceae (only seen in Damchik-18)
Sub-zone DP-3b: frequent pollen from broad-leaved taxa and increased Pediastrum.
The palynological record indicates that this study interval coincided with a period of mainly warm and
humid climate. Furthermore, the data suggest a time of mainly high Caspian sea levels, shown by the
presence of frequent freshwater algae and / or in situ dinocysts. Common reworked elements suggest
mainly high river discharge.
14
Inferred age: Calibrated C ages from Damchik-9 and Damchik-18 give ages of 3388 BP and 3451 BP
from the lower part of the DP-3 zone. The upper boundary of the zone is not directly dated but, on the
basis of correlation, probably equates to about 2500 BP (the end of the Subboreal). Sub-zone DP-3b is
suggested as an equivalent of the transgressive Turaly local stage, with sub-zone DP-3a equating to a
regional sea level fall, although this is not directly dated in the cored sections.
DP-2 is present in all of the studied sections and is characterised by reduced numbers of Salix pollen and
an increased representation of pollen from aquatic plants such as Potamogeton and Sparganium and also
from grasses (Gramineae). Dinocysts, especially Impagidinium caspienense (common) and Spiniferites
cruciformis (consistent) are also present. Pediastrum (freshwater algae) and fungal bodies also locally
common, as are reworked forms including Mesozoic dinocysts.
Sub-zone DP-2a: frequent Potamogeton and / or Sparganium
Sub-zone DP-2b: increased fungal bodies
Sub-zone DP-2c: increased Pediastrum.
DP-2 records at least one cycle of Caspian sea level rise and fall, although the complete range of phases
is not present in all sections. In general, samples with frequent aquatic pollen (sub-zone DP-2a) and
Pediastrum (sub-zone DP-2c) are likely to represent dilute, highstand conditions, with regressive trends
picked out by samples with frequent fungal bodies (sub-zone DP-2b). Damchik-24 has an expanded DP-2
succession with frequent brackish dinocysts, which is interpreted as an embayment ('kultuk') feature.
14
Inferred age: More than ca.1000 years BP, based on consistent C ages (calibrated) within the range
of 1540 BP (Damchik-21) to 1889 BP (Damchik-24). DP-2 most probably equates more or less with the
early and middle Subatlantic periods. It is likely, but not proven, that sediments relating to the Derbent
lowstand may be missing or not extensively preserved in the studied sections. An exception could be
14
Damchik-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-24 is an infilled incised channel that was initially cut during the Derbent lowstand. If so, two
14
'older' C dates (1706 BP and 1889 BP) from the upper part of the succession must be influenced by
sediment inversion, slumping or reworking of the dated shells.
DP-1 is marked by the common presence of Salix pollen and occurs in the uppermost metre or so of all
of the studied cores. It is largely a depositionally-controlled zone in that the Salix pollen is a feature of the
levee localities at which most of the cores were collected. Fungal bodies, mostly spores and hyphae, are
also frequent and may be a product of modern soil-forming processes. DP-1 relates to the deposition of
the modern Volga Delta which, at least at the Damchik locality, has been in a state of outbuilding through
progradation during progressive Caspian sea level fall within the last 100 years or so.
Inferred age: Not directly dated but assumed to be less than ca.700 years BP (post-Derbent regression).
As has been previously postulated (e.g. Kroonenberg et al. 2005), the Volga outflow is controlled mainly
by climate patterns (humidity) in the catchment, potentially a long distance away from the delta region.
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Other, related, factors include Caspian sea level, which provides the 'base level' for delta sedimentation,
and which is largely controlled by the balance between river input and basin subsidence. Regarding
the palynological data, very precise interpretations of depositional environment can be made, which
often vary between individual samples. When viewed together, an estimate of overall depositional
trends can be made. The key parameters are, first, the pollen record in the delta sediments, which can
be interpreted as indicators of warm and humid (e.g. broad-leaved trees) or cold and dry climates (e.g.
Artemisia, Chenopodiaceae). Certain pollen types are indicative of particular habitats or environments
within the delta, such as Salix (willow) which grows almost exclusively on the river banks (levees) in the
lower delta, and the aquatic plants, such as Potamogeton and Sparganium, which are indicators of open
water habitats (reed beds etc.). Second, are the water-dwelling palynomorph types, including algae
such as Pediastrum (freshwater) and Botryococcus (tolerant of fresh and low salinity water), and also the
dinoflagellates (dinocysts). The three main types of dinocysts present are Impagidinium caspienense,
Spiniferites cruciformis and Caspidinium rugosum (see Marret et al. 2004). These are known to occur in
low salinity waters close to the modern delta, and also occur in the more open waters of the Caspian
Sea. Furthermore, there are suggestions (e.g. Kouli et al. 2001) that some types, including Spiniferites
cruciformis, may be tolerant of fully freshwater conditions.
The basic depositional model inferred in this study is that increased river outflow, from all rivers but
especially the Volga, will have the effect of raising Caspian sea levels and lead to predominantly
aggradational deposition. In this case, the influx of freshwater will make the water bodies in the Caspian
and in the lower delta more dilute. This is shown in the palynological records by increased representation
of either (or both) Pediastrum and dinocysts. The former is in response to increasingly freshwater
conditions, and the latter due to mixing of the Caspian (low salinity) and lower delta (dilute) water
bodies. Both Pediastrum and the dinocysts are therefore broadly indicative of highstand conditions in
the Holocene delta, be they either fully freshwater or low salinity. Both might occur at the same time in
different parts of the delta complex. Significant periods of dry catchment climate will produce reduced
river outflow, and allow the expansion of the dry-tolerant vegetation communities, such as steppe and
salt-marsh in the delta localities. The overall effect of prolonged dry catchment climates will be a reduction
in Caspian sea level, leading to predominantly progradational deposition, and outbuilding of the delta. It
follows that the water bodies in the lower delta and nearby Caspian sea will become increasingly saline
and have reduced overall circulation. The response in the pollen floras tends to be an increase in dry
and / or salt-tolerant types such as Artemisia and Chenopodiaceae, and other non-arboreal types (e.g.
Compositae). Fungal bodies also tend to show increased frequencies in the intervals of relative lowstand,
most probably due to increased formation and exposure of soil horizons. Work is ongoing to integrate all
of the palynological data and inferred events into an agreed framework for Holocene Caspian sea level
change.
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Biostratigraphy of late Miocene to present day sediments of the Caspian Sea: over 5 million years of
palynological records from Azerbaijan
K. Richards
Talk presented at AAPG European Region Annual Conference, Kiev, Ukraine, October 2010
Biostratigraphic age-dating of Caspian Sea sediments, notably the mainly Pliocene Productive Series in
Azerbaijan, has always been problematic. Marine connections occurred in the late Miocene (Pontian)
before ca. 5.5 Ma and again in the late Pliocene (Akchagyl) after 3.4 / 3.1 Ma. During the intervening
period, deposition occurred in a non-marine, isolated basin setting, and no reliable age-dating is possible
from foraminifera or nannofossils. The Productive Series, Akchagyl, Apsheron and more recent Quaternary
sediments, are rich in palynomorphs (pollen, spores, algae and dinoflagellate cysts). These do not
provide direct age-dating, but give a 'biostratigraphic signature' for each time period / formation, and are
useful for regional correlation and interpretation of palaeo-climate and depositional environments. The
palynological records from Azerbaijan give a detailed insight into the geological history of the Caspian
Sea from the late Miocene to Recent.
Palynological studies of core and outcrop from Azerbaijan show that the Lower Productive Series (Kalin,
PK, Kirmaky Suite, NKP and NKG) contains frequent brackish dinocysts, which thrived after the Pontian
marine connection in a low-salinity lake basin. Influxes of freshwater algae equate to periods with greater
freshwater dilution (e.g. in the Kirmaky Suite) and localised pulses of fungal bodies and reworking
represent periods of relative lowstand (e.g. NKG). The Upper Productive Series (Pereryv / Fasila, Balakhany,
Sabunchi and Surakhany) was also deposited in a closed lake basin. The Pereryv / Fasila (main reservoir
sand) has an erosive base and contains fluvio-lacustrine palynofloras which continue up-section into the
Balakhany Suite (Bal X-V). The Bal X and Bal IX contain frequent freshwater algae and show a regressive
trend up-section, a pattern that is repeated in the Bal VIII-VII and Bal VI-V. The palynofloras indicate
seasonally controlled lacustrine / deltaic (palaeo-Volga) deposition during a period of relatively warm
climate with alternating humid and arid conditions. Floras from the Sabunchi and Surakhany reflect the
gradual infilling of the lake basin, with lake-margin and salt-marsh habitats becoming more widespread.
The Akchagyl (late Pliocene*) marine connection is marked by an abundance peak of marine dinocysts,
and the overlying Apsheron Formation (early Pleistocene) sees the re-appearance of frequent
brackish dinocysts. Later Pleistocene sediments can be dated by 14C and OSL (Optically Stimulated
Luminescence) and broadly tied to the Bakunian, Khazarian and Khvalynian local stages. These 'Soil Units'
contain alternating warm and cold pollen and dinocyst assemblages, which can be tentatively correlated
to glacial / interglacial episodes, and reflect the migration northwards of the Volga Delta in recent times.
(*) now confirmed to be of late Pliocene to early Pleistocene age
2011
The modern Volga Delta: an analogue for the Pliocene Productive Series in the offshore Caspian Sea?
K. Richards, S. Lowe, A. Bowman, D. Finucane, R. Hoogendoorn, S. Kroonenberg
Poster presented at the 44th annual meeting of AASP-The Palynological Society, Southampton, UK (Winner
of Best Poster Award)
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The palaeo-Volga is a major hydrocarbon play in the Pliocene Productive Series of the South Caspian
region. Extensive palynological analyses have been carried out, mainly on core, from the BP / AOIC
operated ACG and Shah Deniz fields, offshore Azerbaijan. The palynological data identified three
main palynofacies types, 'Caspian Lake', 'Delta Front' and 'Lake Margin', which have proved useful for
understanding the principal hydrocarbon reservoir units, namely the Pereryv and Balakhany sandstones,
and associated non-reservoir sediments. Potential analogues for each of these palynofacies types occur
in the modern delta. The palaeo-Volga of the Productive Series was deposited approximately 500 km to
the south of its present position as a result of base level fall towards end Miocene / early Pliocene times.
Productive Series deposition occurred in an isolated lake basin, with sediment influx controlled by basin
subsidence and inflow from the palaeo-Volga, driven largely by catchment climate.
To assess the extent to which the modern Volga Delta is an analogue for the Pliocene Productive Series, a
detailed study of the modern delta was undertaken between 2006 and 2009 by Moscow State University,
the Technical University of Delft (The Netherlands), BP and others. The study involved shallow seismic
surveys taken in the Astrakhan Biosphere Reserve in the Damchik locality, Russian Federation. The modern
Volga Delta is a low-gradient, mud-dominated delta with numerous distributaries and more than 800
outlets into the northern Caspian Sea. Due to generally lowering Caspian sea levels since ca.1930, much
of the visible delta at the present time consists of new levees, formed due to progradation. These are
separated by brackish embayments ('kultuk') and freshwater lakes ('ilmen'). The modern, mostly Holocene,
deltaic deposits are ca. 20 m thick.
Seventy kilometres of shallow seismic data were collected, from which six principal seismic facies and 10
minor seismic facies types were identified. Twenty-six cores were taken, each about 10 m deep (average
depth of core 8.70 m) and samples selected for radiocarbon dating, grain-size analyses and palynology.
Seven cores were selected for palynological study and analyses undertaken by K. Richards (KrA) and N.
Bolikhovskaya (MSU). The pollen flora in the modern delta reflects the huge and varied Volga catchment,
encompassing boreal and temperate forests, steppe, semi-desert and desert, as well as the extensive
delta regions, which include varied dry and wetland vegetation types. Maxima of tree pollen relate to
optimal (warm) climatic events and Caspian influences are marked by influxes of brackish dinocysts and/or
freshwater algae. The palynological records enable close correlation between cores in the modern delta
and give a detailed history of the evolution of the delta since the late Pleistocene. Seven palynological
zones were identified and are calibrated by radiocarbon dating, each of which is related to phases of
Caspian sea / lake level change.
The results from the study of the modern Volga Delta have been incorporated into the reservoir models
for the Pliocene Productive Series, and palynological assemblages / palynofacies types found in the
Pliocene can be matched with specific sedimentary environments in the modern delta. Differences do
occur, but there are many features in common between the two deltas. Both can be interpreted mainly
in terms of progradational deposition in response to lake / base level fall, and aggradational deposition
in response to lake / base level rise. The modern Volga Delta is a good analogue for at least part of
the Pliocene depositional system in the offshore area and similarities can been seen between the
palynological associations in both sections. Key differences are that the modern delta is a low gradient
ramp delta with minimal incision, whereas major river incision occurred in the palaeo-Volga (mainly at end
Miocene times) resulting in the formation of the palaeo-Volga canyon.
Fluctuations in Caspian sea level during the Quaternary: new evidence from palynology, ostracods and
climate modeling
K. Richards, S.A.G Leroy, K. Arpe, F. Marret, R.M. Hoogendoorn, S. Kroonenberg
Poster presented at: 3rd International Symposium on the Geology of the Black Sea Region, Bucharest,
Romania, October 2011. Session: Stratigraphy, palaeontology and paleoclimatology of the Black Sea
region
Caspian sea level (CSL) has undergone significant and often dramatic changes in the recent geological
past, resulting from the interactions of catchment climate, drainage, glaciation, river discharge,
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evaporation, precipitation, uplift and subsidence. This poster shows the results of new age datings based
on radiocarbon and OSL (Optically Stimulated Luminescence) and also new biostratigraphic data, mainly
from ostracods and palynology. These data are from wells and shallow boreholes in the central / south
Caspian region and give a more or less continuous sedimentary record from the last 2.5 million years.
Pleistocene sediments in this locality are divided into Soil Units, each of which has a distinct microfaunal
(ostracod) and / or palynological assemblage, and can be accurately correlated across the studied region.
Their relationship with glacial and interglacial periods, and approximate correlation to Marine (Oxygen)
Isotope Stages (MIS) is inferred.
At present, the River Volga accounts for ca. 80% of the freshwater inflow to the Caspian Sea and has a
major influence upon CSL, which is currently ca. 27 m below global sea level. Estimates for CSL during
the Pleistocene suggest fluctuations within a range of almost 200 m (Rychagov 1997). Changes in CSL
have also occurred during the Holocene, with lowstands occurring in the Mangyshlak (early Holocene)
and Derbent (late Holocene) local stages. The Derbent lowstand event coincides approximately
with the Medieval Warm Period [ca. 1000 years BP] and subsequent highstands correspond with the
Little Ice Age [ca. 400 to ca. 200 years BP] (Kroonenberg et al. 2007, 2008; Leroy et al. 2011). The
study by Leroy et al. (2007) gives a detailed picture of Holocene Caspian palynology and suggests
that drainage from the Uzboy and Amu Darya rivers also periodically influenced CSL, with increased
freshwater discharge occurring in the Holocene before ca. 4000 BP. Variations in CSL and salinity are
shown principally by the organic-walled dinoflagellate (dinocyst) assemblages, with typical Caspian
forms present such as Spiniferites cruciformis, Impagidinium caspienense and Caspidinium rugosum
(Marret et al. 2004). Holocene sediments are missing at sea bed in some offshore localities, but where
present are characterised by very rich ostracod assemblages and mixed palynofloras. Pollen and spore
abundance and diversity in most Pleistocene samples are high, with herbaceous taxa such as Artemisia,
Chenopodiaceae, Poaceae and Sphagnum locally common, consistent with a glacial / interglacial
landscape. Tree pollen is dominated by Pinus, with other cold-climate forms such as Betula, Alnus,
Juniperus and Salix suggesting a northern, boreal 'Taiga' forest affinity. Warm temperate tree pollen
types such as Carpinus, Ulmus, Quercus and Taxodiaceae (swamp cypress) are mostly, if not entirely,
reworked(*). This is supported by the presence of Paleogene to Late Cretaceous restricted pollen
reworked from northern polar regions.
The Pleistocene in the Caspian region can be sub-divided into several local stages: Khvalynian (late
Pleistocene), Khazarian (late to middle Pleistocene), Bakunian (middle to early Pleistocene), Apsheronian
and Akchagylian (both early Pleistocene). The approximate ages of the various stages are known,
but there is no uniformally agreed exact timescale. The younger part of the offshore late Pleistocene
succession is within the range of radiocarbon dating. Samples coincident with the glacial MIS 2 generally
have low to moderate ostracod abundances, representing one or more of the Khvalynian CSL highstands,
with dilute water conditions resulting from increased runoff towards the end of the glacial stage. A
core sample radiocarbon dated as close to the Last Glacial Maximum (LGM), has increased ostracod
abundance, suggesting less dilute, more saline conditions. This tentatively suggests that the LGM was
a period of relative lowstand, resulting from ice-locked conditions, and minimal run-off. A peak in the
dinocyst Pyxidinopsis psilata, (indicating nearly freshwater, <7‰ salinity) dated at not less than ca. 27,000
calendar years BP, is similar to an event seen in the early Holocene by Leroy et al. (2007).
Sedimentation in the middle Pleistocene took place mainly during the early Khazarian, and is dated at
between ca. 150,000 to ca. 178,000 years BP by OSL. The base of the early Khazarian possibly coincides
with the Emperor magnetic reversal at 0.42 Ma. This period is represented in the sedimentary record by
intervals with frequent ostracods and increased numbers of slightly brackish dinocysts such as Spiniferites
cruciformis, presumed to represent interglacial episodes. Intervening samples have less frequent
ostracods and fewer brackish dinocysts, but have increased frequencies of Pediastrum (freshwater algae).
These are interpreted as highstand events when the Caspian waters would have been more dilute, and
are tentatively equated with glacial periods. Similar trends in the palynological and ostracod records are
visible in the Bakunian stage (middle to early Pleistocene) which also has evidence for periods of relative
lowstand and highstand. The base of the Bakunian is dated by magnetostratigraphy at outcrop as 0.88
Ma (van Baak, 2010). Several core samples from the Bakunian and younger section were studied for
chemical composition including bulk mineralogy and clay fraction. Mica and illite are the most frequent
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clay minerals. Kaolinite is less frequent but shows an inverse correlation with illite. Kaolinite is a silicate clay
mineral which is formed as a product of chemical weathering in predominantly humid climates. Illite is a
micaceous mineral, also a weathering product, but which is more prevalent under dry climatic conditions.
The chemical and mineralogical data are consistent with the biostratigraphic interpretation with kaolinite
more frequent in the 'glacial' (humid) intervals, and increased illite occurring in the 'interglacial' (drier)
periods.
The Apsheron Formation is of early Pleistocene age and is dated by magnetostratigraphy at outcrop (van
Baak, 2010) as 1.8 Ma(**) at the base and 0.88 Ma at the top, and therefore accounts for almost [**or
more than] 1 million years of sedimentation. It has a maximum thickness of ca. 1500 m in the mid-Caspian
region (Allen et al. 2002). The Apsheron is sourced mainly from the palaeo-Amu Darya and is represented
on the Turkmenistan shelf as a series of large deltaic deposits (Abdullayev, 2000; Abreu & Nummedal,
2007) but may be thin and / or truncated over stratigraphic highs. The palynological signatures include
frequent clearly brackish dinocysts (ca. 13‰ salinity), including Caspidinium rugosum and Impagidinium
caspienense, alternating with more freshwater intervals with frequent Pediastrum.
The Akchagyl Formation is present across much of the Caspian region and is a 'transgressive' unit. The
base of the Akchagyl is dated as 2.5 Ma(***) and the top as 1.8 Ma(**), confirming an early Pleistocene
age. The unit may be up to ca. 500m thick in outcrop (Allen et al. 2002) but tends to be thinner in offshore
sections. The pollen flora includes frequent herbaceous elements such as Artemisia, Chenopodiaceae,
Poaceae and various Compositae with dinocysts typically including frequent Lingulodinium (several
forms). Foraminifera are present, but are generally reworked, and ostracods are usually common. The
Akchagyl 'transgression' is not a normal marine event, but is likely to have resulted from increased
freshwater runoff from the north and east, with river courses deflected by northerly ice and release of
melt water from ice-dammed lakes. This is consistent with the presence of largely reworked (transported)
microfaunas and the palynological evidence for an open glacial landscape.
The link between CSL and glacial cycles is not fully understood, but recent studies (e.g. Kislov, 2010)
suggest that extreme global cold events may correspond to CSL lowstands (e.g. at the LGM) with
subsequent rises in CSL driven by glacial meltwater. New climate models suggest a negative water
balance (relative to the present day) for the Caspian Sea at the LGM. The model inferred in this poster
is that there is a broad (but not universal) correlation between glacial periods and CSL highstands,
and conversely between interglacials and CSL lowstands. This is in agreement with some, but not all,
published interpretations. Interglacials, although warmer, would have been periods when the Caspian
was subject to a net water loss due the increased effects of evaporation. During glacial periods (with
the possible exception of the most extreme cold episodes such as the LGM) there was a potential for
increased freshwater inflow to the Caspian from pro-glacial and ice-dammed lakes. At the same time,
lower temperatures during glacials would mean less evaporation and a net water gain leading to
increased lake levels.
(*) The presence of significant amounts of Taxodiaceae pollen in sediments of late Pleistocene age in the
north-east Caspian region means that this pollen type is not necessarily reworked.
(**/***) Recent, as yet unpublished, data suggest that the base of the Apsheron / top Akchagyl may be
older than 1.8 Ma; the base of the Akchagyl, as defined by a marine flooding event, is dated at ca. 2.7 Ma
(van Baak, 2015) within the very latest Pliocene (Piacenzian).
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Palynology of the Productive Series outcrops in the Kirmaky Valley, Yasamal Valley and other regions of
Azerbaijan (with emphasis on the Lower Productive Series)
K. Richards
Talk scheduled(*) for Ultra-Deep hydrocarbon potential: future energy resources-reality and prediction,
Baku, Azerbaijan, July 2012.
Detailed palynological investigations have been carried out on more than 400 outcrop samples from
the Kirmaky Valley, Yasamal Valley and other exposures in Azerbaijan which make up the oil and gas rich
Productive Series of the western Caspian region. The results give a detailed picture of facies development
during the latest Miocene and early to late Pliocene, and record the depositional environments of these
sediments. The palynological data have been examined using traditional visual methods, and also by
multivariate analyses including Cluster Analysis and Principal Components Analysis. The studies were
undertaken in association with CASP (UK), GIA (Azerbaijan) and BP Caspian Sea Ltd.
The oldest sediments studied are from the late Miocene Pontian Beds, which were sampled in outcrop
in the Kirmaky Valley and provide evidence for a connection to the open marine Para-Tethyan seas, with
the presence of diagnostic marine palynofloras (dinocysts). The overlying sediments then show a clear
transition from marine to brackish lacustrine, after which a severe desiccation occurred, indicated by
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the common presence of hypersaline tolerant algae. This drying of the lake environment is linked to the
Messinian desiccation crisis (**) which is well documented from the Mediterranean and Black Sea, and
resulted in the formation of a deep canyon in the northern and central Caspian regions (Kroonenberg
et al. 2005). Sedimentation resumed after the Messinian in an isolated lake basin with deposition of the
Productive Series which is mainly, if not entirely, of Pliocene age (Green et al. 2009).
The Lower Productive Series consists of the Kalin Suite (KaS), Pre-Kirmaky (PK), Kirmaky Suite (KS) and
Post-Kirmaky (NKP and NKG). The KaS shows a strong brackish lacustrine character in the offshore region
but is missing (not deposited) in the Kirmaky Valley. The rest of the Lower Productive Series is present
at Kirmaky, commencing with the PK, which contains an alternating fluvial and brackish lacustrine(***)
palynological signal. The KS is approximately 270 m thick in the Kirmaky Valley and the palynological
results show conclusively that deposition occurred for the most part in an isolated brackish to freshwater
lacustrine setting, with periodic drying and sub-aerial exposure. There is good evidence for large, medium
and small scale cyclicity in the KS, with the major cycle boundaries marked by peak abundances of
reworked Mesozoic and Paleozoic microfossils. These are often overlain by 'fungal spikes' (abundance
peaks of fungal spores and hyphae) interpreted as condensed sections resulting from minimal water flow
and sediment starvation. Work is ongoing to determine the periodicity and duration of the observed
cyclicities. Freshwater lacustrine beds contain frequent freshwater algae and are interpreted as relative
highstands, whereas brackish lacustrine beds contain more common brackish dinocysts and salt-marsh
pollen, indicating slightly higher salinity and lower lake levels(****). The NKP is a sheet sand with a strong
deltaic palynological signal, and is overlain by the more mud prone NKG. In the Kirmaky Valley, the
NKG contains mainly reworked palynomorphs, coinciding with reddish colouration of sediments, and is
consistent with sub-aerial exposure in a terminal fluvial / shallow lacustrine system.
The Upper Productive Series consists of the Pereryv / Fasila Suite, Balakhany Suite, Sabunchi Suite
and Surakhany Suite. The Pereryv / Fasila and lowermost Balakhany have only limited exposures in the
Kirmaky Valley but have palynological evidence for strong fluvio-deltaic influences. The mid to upper
Balakhany Suite and Sabunchi Suite have good exposures in the Yasamal Valley, where the Balakhany
sediments contain palynofloras with frequent reworking, various spores and fungal bodies, suggesting
predominantly fluvial to alluvial plain and continental deposition. There are localised indications of fluviodeltaic activity in the Balakhany, but lacustrine algae and brackish dinocysts are generally rare. These open
water forms show a marked increase in the overlying Sabunchi Suite at Yasamal, indicating that lacustrine
conditions were re-established at least periodically. Intervening sediments contain frequent fluviodeltaic indicators and locally common salt-marsh and steppe pollen, which suggest periodically drier
conditions, probably associated with lower lake levels and increased salinity. Exposures of the Surakhany
Suite have been studied in detail for palynology and sedimentology from the Lokbatan (palaeo-Volga)
and Babazanan (palaeo-Kura) localities (Vincent et al. 2010). The results show predominantly fluvial
sedimentation, but with localised freshwater, brackish lacustrine and hypersaline indicators.
Productive Series deposition terminated with the onset of a renewed marine connection in the Akchagyl
Beds at the end of the Pliocene. Recent magnetostratigraphic data (van Baak 2010) suggest that the base
of the Akchagyl can be dated at ca. 2.5 Ma(*****) which implies that the Akchagyl is of early Pleistocene
age, and equates to all or most of the Gelasian stage. Palynological data support this finding, with
increased frequencies of cold climate pollen indicators observed, consistent with the onset of glacially
influenced climatic conditions.
(*)Talk not presented due to unforeseen administrative reasons
(**) more recent work/interpretations does not support Messinian desiccation as the primary cause of the
formation of the Volga canyon.
(***) brackish forms in PK are in mud clasts and therefore probably reworked.
(****) alternatively they represent lacustrine flooding events.
(*****) see notes on previous abstract.
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Palynology, vegetation and climate of latest Miocene, Pliocene and early Pleistocene sediments of the
Caspian Sea: a detailed study of several outcrop localities in Azerbaijan
K. Richards
Talk presented at the XIII International Palynological Congress, Tokyo, Japan, August 2012
A detailed palynological study has been made of over 400 outcrop samples from the Kirmaky, Yasamal
and Kura Valleys in Azerbaijan. The results give a comprehensive picture of sedimentation, vegetation
and climate in the Caspian Sea from the late Miocene to the beginning of the Pleistocene. Late Miocene
sediments contain marine dinocysts, evidence for a connection between the Caspian and Para-Tethyan
seas. Latest Miocene sediments are transitional from marine to brackish lacustrine and hypersaline,
indicated by frequent hypersaline tolerant algae (Tasmanites). The drying of the basin is linked to the
Messinian desiccation crisis(*), during which a deep canyon was formed in the north and central Caspian
region. Deposition resumed in the early Pliocene in an isolated lake basin. These sediments make up
the Pliocene Productive Series which are important for oil and gas production. They are sourced mainly
from the palaeo-Volga and palaeo-Kura river systems which deposited very extensive fluvial and deltaic
/ lacustrine sediments across much of the central Caspian region. Early Pliocene sediments contain very
abundant palynofloras, with frequent tree pollen (e.g. Taxodiaceae & Ulmus) indicating the presence
of localised swamp forest and dry forest vegetation, and a generally warm climate. Shifts in the relative
proportions and composition of tree pollen (AP) and various herbs (NAP) e.g. Chenopodiaceae identify
a climatic cyclicity, and wet and dry trends in the delta sediments. These are linked to rises and falls in
Caspian Sea levels. Highstands are characterised by dilute waters (strong freshwater inflow) and contain
frequent algae such as Pediastrum and Botryococcus. Relative lowstands occur due to reduced run-off and
have low salinity dinocyst assemblages(**) including Spiniferites cruciformis and Caspidinium rugosum.
Cycle boundaries are marked by peaks in reworked Mesozoic and Paleozoic palynomorphs and by
localised 'fungal spikes'. There is no single event that can be linked to the mid (late) Pliocene warm event
(ca. 3.3 to 3.0 Ma) but most samples contain frequent warm temperate tree pollen, with deposition around
that time occurring in fluvio- lacustrine settings with variable fluvial discharge and salinity (Sabunchi
Formation). Latest Pliocene sediments show increasing proportions of NAP, especially Chenopodiaceae,
with sedimentation occurring in fluvial to alluvial plain / continental and ephemeral to hypersaline
lacustrine settings (Surakhany Formation). The onset of Pleistocene deposition coincides with a renewed
marine connection (Akchagyl Formation) with frequent dinocysts (Lingulodinium) and cold tolerant pollen
types e.g. Artemisia.
(*) more recent work/interpretations does not support Messinian desiccation as the primary cause of the
formation of the Volga canyon.
(**) alternatively they represent lacustrine flooding events.
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2013
New palynological studies from the Mio-Pliocene palaeo-Volga Delta and the present day (Holocene)
Volga Delta in the Caspian Sea: similarities and differences
K. Richards
Talk presented at RCMNS 14th Congress, Neogene to Quaternary Geological Evolution of Mediterranean,
Paratethys and Black Sea, Istanbul, Turkey, September 2013; and at AAPG Europe Meeting, Petroleum
Systems of the Paratethys: Exploring the Pathway from Europe to Asia, Tbilisi, Georgia, September 2013
New palynological data are presented from the modern (Holocene) Volga Delta and from the MioPliocene palaeo-Volga of the Caspian Sea (CS). The modern Volga Delta is a low-gradient, muddominated delta with numerous distributaries and more than 800 outlets, and is a partial analogue for
the palaeo-Volga (Kroonenberg et al. 2005), a major hydrocarbon play in the Productive Series (PS) of
the South Caspian basin. The palaeo-Volga was much larger than the modern delta, depositing over 6
km of sediment in ca. 2.6 Ma (Abdullayev et al. 2011). Much of the palaeo-Volga deposition occurred in
the central and south Caspian basins, approximately 500 km to the south of the present delta. During
the late Miocene (Pontian), the CS was connected to the Para-Tethyan oceans (Reynolds et al. 1998)
and this connection is visible in a palynological record from onshore Azerbaijan. There is no presentday connection between the CS and world oceans, the last connections having occurred in the late
Pleistocene. The Messinian desiccation affected the Mediterranean, Black Sea and also the CS, where a
major lowering of CS level, to ca.1500 m(*) below present-day levels, incised the palaeo-Volga canyon.
The South Caspian basin was gradually re-filled with fluvio-lacustrine sediments during the latest Miocene
to Pliocene, initially with the Lower Productive Series [Kalin, PK, Kirmaky, NKP and NKG], and then the
Upper Productive Series [Fasila, Balakhany, Sabunchi and Surakhany] (Green et al. 2009). The Fasila is
the main reservoir unit, formed by increased fluvial discharge, flushing out of sands from incised valleys
into the CS. Although direct analogies cannot be made, there are broad similarities between many of
these PS units and the Holocene delta. The Messinian lowering of the CS may be broadly analogous to
the Mangyshlak lowstand, present at much smaller scale(*) in the early Holocene delta, where palynology
shows extensive reworking in channel deposits, overlain by aeolian dunes, lakes and lagoons of the
Baer Hills. A short-lived aridification with very abundant Chenopodiaceae pollen in the early Holocene
(ca. 8240-8400 cal. years BP) occurs as a thin drape across a wide area of the modern delta, and shows
some similarities with the NKG (red-bed) unit. There is no exact analogy for the Fasila reservoir sand
in the modern delta, however, channel sands do occur and contain frequent reworked palynomorphs.
Both deltas were deposited in closed lacustrine basins, not directly affected by marine influences,
with sedimentation controlled by climate, fluvial discharge and base level. The modern delta supports
largely cold temperate and semi-arid plant communities, whereas the Pliocene delta shows good pollen
evidence for the presence of warm temperate and swamp communities. River margin trees present during
the Pliocene included frequent Taxodiaceae (swamp cypress), a niche that is filled by Salix (willow) in the
modern delta.
(*) More recent work (e.g. de la Vara et al. 2016) has shown that a drop of ca. 1500 m is very unlikely,
and a drop of ~100 m is more likely. This is of a similar magnitude to the early Holocene Mangyshlak
lowstand event. Reference: de la Vara, A., van Baak, C.G.C., Marzocchi, A., Grothe, A., Meijer, P., Th., 2016.
Quantitative analysis of Paratethys sea level change during the Messinian Salinity Crisis. Marine Geology
379, 39-51.
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2014
Non-Pollen Palynomorphs as environmental indicators in Holocene sediments of the Volga Delta,
northern Caspian Sea
K. Richards
Talk presented at the 9th European Palaeobotany and Palynology Conference, Padova, Italy, August 2014
The Holocene stratigraphy of the Volga Delta has been investigated by detailed palynological analyses of
eight cores. Over 200 samples were studied for palynology with the results constrained by 44 radiocarbon
dates. The vegetation history of the Holocene delta can be reconstructed from the pollen records, with
warm and humid periods characterised by the expansion of woodland and colder, drier periods typified
by salt-marsh, desert and steppe. Non-Pollen Palynomorphs (NPP) are also commonly present including
dinoflagellate cysts (dinocysts), algae, fungal bodies and various reworked types. The NPP records enable
a detailed reconstruction of delta environments. The Caspian Sea supports several dinocyst species, for
example Impagidinium caspienense, Caspidinium rugosum and Spiniferites cruciformis. These species
typically inhabit low salinity to freshwater environments, and are also known from the Black Sea and Aral
Sea regions. New records from the Volga Delta confirm the presence of these and other dinocysts in very
low salinity to fresh waters. Dinocysts occur in freshwater to brackish embayments (kultuk) within the delta,
whereas delta lakes (ilmen) can be identified by the presence of various algae, typically Pediastrum and
Botryococcus. The relative proportions of algae and dinocysts can be used as an indication of active delta
deposition through progradation and aggradation. Fungal bodies also occur frequently in some intervals.
Fungal spores are locally abundant, especially prior to ca. 8900 cal. years BP within aeolian sediments (the
Baer Hills) formed during the Mangyshlak (early Holocene) Caspian Sea lowstand. Associated sediments
contain frequent Amaranthaceae pollen and locally common Pediastrum, indicative of inter-dune saline or
freshwater lakes and ponds. Fungal hyphae have increased abundances locally in the intervals deposited
after ca. 2080 cal. years BP, thought to be related to soil forming processes during the Derbent (late
Holocene) Caspian Sea lowstand. Reworked palynomorphs include pollen, spores and dinocysts of
ages ranging from Paleozoic to Cenozoic. Mesozoic (typically Jurassic and Cretaceous) dinocysts occur
frequently in several cores within the early Holocene and are interpreted as incised valley sediments,
also associated with the Mangyshlak lowstand. The NPP records therefore provide a detailed record
of Holocene environments within the Volga Delta. Similar distributions of NPP also occur in Pliocene
sediments within the palaeo-Volga Delta and can be used to identify depositional cycles and periods of
relative highstand and lowstand of the Caspian Sea.

New palynology and microfossil studies of Pleistocene outcrops (Akchagyl) and core samples
(Apsheronian, Bakunian, Khazarian and Khvalynian) in the western, central and north-eastern
Caspian Sea region
K. Richards, J. Athersuch, R.M. Hoogendoorn, C.G.C van Baak, A.A.H. Wonders
Talk presented at the IGCP 610 meeting, From the Caspian to the Mediterranean: Environmental change
during the Quaternary, Baku, Azerbaijan, October 2014
New palynological and microfossil results are presented which together give a more or less continuous
stratigraphic record for the Pleistocene in the Caspian Sea region. High density sampling from the
Akchagyl Formation (latest Pliocene to early Pleistocene) at the Jeirankechmez outcrop locality, near
Gobustan, Azerbaijan gives a detailed record of depositional environments in the western onshore region.
Data are also presented from drill-core samples in Apsheronian, Bakunian, Khazarian and Khvalynian
sediments from the central offshore area. Lastly, a new palynological record of Khazarian to Khvalynian
age is presented from the Emba delta, Kazakhstan.
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More than 200 outcrop and drill-core samples have been studied for palynology, calcareous microfossils
and foraminifera in latest Pliocene to Pleistocene sediments from around the Caspian Sea region.
Representative counts were made of in situ pollen, spores, dinoflagellate cysts (dinocysts), fungal
bodies and algae. Reworked forms were also recorded. Abundances of ostracods and, where present,
foraminifera were also recorded. Stratigraphic assignments are constrained by magnetostratigraphy,
regional correlations, Optically Stimulated Luminescence (OSL) and radiocarbon dating.
The Akchagyl interval in the Jeirankechmez section contains frequent dinocysts, mainly of restricted
marine affinity, which differ significantly in terms of species composition from those occurring in more
recent Pleistocene, Holocene and present day Caspian Sea sediments. Ostracods previously recorded
from the Akchagyl by authors such as Agalarova et al. (1961) and Mandelstam et al. (1962) occur in
most samples, but early indications are that in situ planktonic and benthonic foraminifera occur only at
discrete horizons, suggesting only periodic marine incursions. Several cycles of deposition are visible,
with evidence for marine, restricted marine, brackish and occasionally fully freshwater conditions.
Preliminary results suggest that the three-fold stratigraphic subdivision of Mandelstam et al. (1962)
based on ostracods can by recognised. Reworked microfossils of varying ages occur throughout the
Akchagyl interval. Calibrations to new magnetostratigraphic data are consistent with a latest Pliocene to
early Pleistocene age for the Akchagyl, as indicated by van Baak et al. (2013) and Forte et al. (2014). The
Akchagyl Formation has a varied palynological and microfossil signal in the onshore and offshore western
and central Caspian Sea. Both foraminiferal and palynological data show some support for the possibility
of a connection to the northern oceans during Akchagyl deposition, as postulated by Forte and Cowgill
(2013) and others.
Data from drill-cores taken in the central offshore region reveal a complex sedimentary record for the
Pleistocene. Even so, detailed, well-constrained correlations are possible using litho-facies, palynology,
micropalaeontology, geochemistry, radiocarbon and OSL dating, well-logs and seismic reconstructions.
Dinocysts are dominated by typical Caspian Sea types (see Marret et al. 2004), notably Impagidinium
caspienense, Spiniferites cruciformis and Caspidinium rugosum, whereas pollen assemblages include
mixed components of arboreal pollen (AP), non-arboreal pollen (NAP) and reworked types. Intervals
with frequent dinocysts invariably also contain rich ostracod assemblages, with Bacunella dorsoarcuata,
Caspiolla spp. and Eucythere naphtatscholana often making up the bulk of the fauna.
Cores from the Emba Delta region, in the north-eastern Caspian Sea are dated as late Khazarian,
Khvalynian and Holocene by Verlinden (2009) and Ernens (2010). Four main lithological units are present,
each separated by an erosional contact. A palynological record is presented from a 10 m long core,
CDSE-12. The basal section is older than 41,500 cal. yr BP and contains frequent Pterocysta cruciformis, a
low-salinity dinocyst first found commonly in 'glacial' stages in the Black Sea (Rochon 2002). P. cruciformis
occurs rarely in the Volga Delta region at the present time (Richards et al. 2014) and consistently in the
central Caspian region prior to ca. 35,000 cal. yr BP. The late Khazarian to Khvalynian section in CDSE-12
contains frequent NAP and locally common AP, mainly Pinus (pine) due to long-distance pollen dispersal.
The Holocene is less than 1m thick and is characterised by NAP and dinocysts of restricted marine affinity
(high salinity?).
The palynological and microfossil assemblages from the studied areas show that the Akchagyl
Formation, at least locally, is primarily a restricted marine interval with only limited fully marine influences.
Magnetostratigraphic studies are most likely to indicate a latest Pliocene to early Pleistocene age for the
Akchagyl. Data from the central offshore region reveal the complex nature of the Pleistocene succession.
A study of a core from the Emba Delta provides the first detailed palynological records from that region
and new information about dinocyst distributions. Work is ongoing on all of these studies to interpret the
microfossil assemblages fully in terms of their stratigraphic distributions, regional vegetation, paleoclimate
and Caspian Sea level change.
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2015
A new high-resolution biostratigraphic and magnetostratigraphic study of the Akchagylian stage in
outcrop from the Gobustan region of Azerbaijan, western Caspian Sea
K. Richards, J. Athersuch, W.E.N. Austin, C.G.C. van Baak, A.A.H. Wonders
Poster presented at Petroleum Geology of the Black Sea, The Geological Society, London, UK, October
2015
The Akchagylian (Akchagyl) Stage in the Caspian Sea, and the Kuyalnikian equivalent in the Black Sea,
are important stratigraphic units as they form regional seals over the hydrocarbon-rich Productive
Series (in the Caspian Sea) and Kimmerian (in the Black Sea). New magnetostratigraphic and
biostratigraphic data from an outcrop in the Jeirankechmez river valley, Gobustan, Azerbaijan provide
a detailed record of the timing and depositional history for the Akchagyl. Ar/Ar ages from volcanic
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ashes and magnetostratigraphic calibrations show conclusively that Akchagyl deposition at the
Jeirankechmez locality commenced in the latest Pliocene at around 2.7 Ma and continued into the early
Pleistocene. Combined ostracod and palynological data show that the lowermost beds of the Akchagyl
contain exclusively freshwater, lacustrine assemblages, consistent with a pro-glacial lake. Reworked
(mainly Mesozoic) palynomorphs also occur frequently, including northern Boreal-restricted forms
(Aquilapollenites group), eroded by glacial scour and transported by melt-water. The first marine influence
is noted about 30 m above the base Akchagyl and is evident from the presence of a low-diversity dinocyst
and benthonic foraminiferal assemblage. The latter relates to the 'Cassidulina Beds', previously described
from the region (e.g. Agalarova, 1940; Agalarova et al. 1961; Mandelstam et al. 1962). New morphometric studies of these foraminifera provide clues as to the origin of the initial marine connection. Several
cycles of deposition are visible within the Akchagyl unit, with evidence for marine, restricted marine,
brackish and freshwater conditions provided by ostracods and palynology. Dinocyst associations indicate
several episodes of connection between the Caspian Sea and Black Sea.
A new palynological and microfossil record of the Pliocene to Pleistocene transition from an outcrop
section in Azerbaijan, western Caspian Sea
K. Richards, C.G.C van Baak, A. Grothe, J. Athersuch, A.A.H. Wonders, W.E.N. Austin
Poster presented at TMS Meeting, 'From Rock to Clock', Liverpool, UK, November 2015
New palynological, ostracod and foraminiferal data are presented from an outcrop section in the
Jeirankechmez river valley, Azerbaijan, near the western coast of the Caspian Sea. The interval studied
includes the upper part of the Pliocene Productive Series (PPS) and overlying Akchagyl Beds and has
good age control, constrained by magnetostratigraphy and Ar/Ar dating of volcanic ashes. These show
conclusively that the PPS to Akchagyl contact at this locality occurred close to 2.7 Ma, within the latest
Pliocene. The PPS was deposited in a closed lacustrine basin, isolated from any marine influence. The
overlying Akchagyl Beds represent a significant flooding event that extended as far as the western Black
Sea region, and southwards and eastwards into present day Iran, Kazakhstan and Turkmenistan. The
palynological and other microfossil records show evidence for marine, brackish and fully freshwater
conditions that continued into the early Pleistocene.
Palynology and ostracod data show that the lowermost beds of the Akchagyl contain exclusively
freshwater, lacustrine assemblages, consistent with a pro-glacial lake that started to form to the south of
the Ural Mountains region at the very end of the Pliocene. Reworked (mainly Mesozoic) palynomorphs
also occur frequently, including northern Boreal-restricted forms (Aquilapollenites group), eroded by
glacial scour and transported by melt-water. The initial Akchagyl transgression was a freshwater event
caused by glacial meltwater outflowing into the Caspian Sea region.
The first marine influence is evident from the presence of a low-diversity dinocyst suite associated with
a distinct benthonic foraminiferal assemblage containing species of Cassidulina and Cibicides, the socalled 'Cassidulina Beds' previously described from the region by Agalarova (1940), Agalarova et al.
(1961), Mandelstam et al. (1962) and others. New morpho-metric studies of these foraminifera provide
clues as to the origin of this marine connection. Several cycles of deposition are visible within the early
Pleistocene, with evidence for marine, restricted marine, brackish and freshwater conditions. Dinocyst
associations indicate several episodes of connection between the Caspian Sea and Black Sea. The study
provides new insights into the evolution of the Caspian Sea and its influence upon water balance and
connectivity within the Caspian, Black Sea and Mediterranean region.
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2017
Biostratigraphic and environmental evolution of the north and central Caspian Sea: 30 million years of
change
K. Richards
Talk presented at the PRIDE (Drivers of Pontocaspian Biodiversity Rise and Demise) Conference/Workshop,
'Where East Meets West', Rostov on Don, Russia, August 2017
The present day Caspian Sea is like a photograph frozen in time. If you take that photograph today, by
tomorrow something, somewhere will have changed. It is only over time that those changes become
clearly visible. An example would be the gradual rise in Caspian Sea level of several metres between 1977
and 1995, and the subsequent fall observed over the last 20 or more years. But to understand the origins
of the present (and potentially future) Caspian biota, as far as that is possible, we need to look back in time
for hundreds, thousands and even millions of years, and to examine the fossil records wherever we can
find them. These are the ‘photographs of the past’. Palynology is one of the most useful biostratigraphic
disciplines that can be used to reconstruct past environments of the Caspian Sea. Palynology uses
‘palynomorphs’ that are preserved in buried sediments: these include pollen (mainly from land plants),
dinoflagellate cysts (‘dinocysts’, present mainly in marine and low salinity sediments), algae, fungal bodies,
acritarchs and others. These fossil assemblages give a unique ‘photograph’ of the sediments in which
they occur. When viewed together with other groups of microfossils, such as ostracods, foraminifera and
calcareous nannofossils, a detailed picture starts to emerge.
If we turn back the clock for 30 million years, to the middle of the Oligocene epoch, the Caspian Sea was
fully connected to the world’s oceans during the Maykopian regional stage. Open marine conditions
deposited organic-rich sediments throughout Paratethys, including the Caspian Sea. These ‘oil source
muds’ are now buried more than 10,000 m below the Caspian Sea bed, so deep that they have not
been studied in the offshore region. Maykopian sediments, however, can be studied in outcrop and well
sections, for example in onshore Azerbaijan, where they contain rich assemblages of pollen, marine
dinocysts, foraminifera and calcareous nannofossils. Maykopian deposition ended at the end of the early
Miocene, around 16 million years ago, but open marine conditions persisted in the Caspian Sea until the
middle Miocene (Sarmatian) more than 12 million years ago, calibrated to world-wide nannofossil zones
NN5 and NN6. Subsequently, the Caspian Sea, as part of Paratethys, gradually became disconnected
from the world’s oceans. This is reflected in the palynofloras that show similar changes from the Pannonian
Basin of Eastern Europe, to the Black Sea and the Caspian Sea. Dinocyst assemblages are characterised
by the emergence of restricted marine, low-salinity adapted taxa such as Spiniferites bentorii (including
several sub-species), Galeacysta etrusca and various morphotypes of ‘Pontiadinium’. An expansion of the
acritarch Mecsekia, first described from Hungary (Hajos, 1966), can be tracked eastwards to the Caspian
Sea during the Sarmatian and early Pannonian (latest middle Miocene to basal late Miocene).
Towards the end of the Miocene, it is well known that the Mediterranean Sea was desiccated during the
Messinian period. At more or less the same time, during the Pontian regional stage, the Caspian Sea
supported mainly brackish water ostracod faunas and dinocysts, for example at the Ajiveli locality in
Azerbaijan (Grothe, 2016; van Baak et al. 2016). In Pontian-aged sediments at Kirmaky Valley, Azerbaijan,
the dinocysts include frequent Caspidinium rugosum and Spiniferites cruciformis which indicate a low
salinity regime. Occasional peaks of the dinocyst Lingulodinium machaerophorum (long-spined forms)
point to periods of increased salinity, although the absence of associated in situ foraminifera and
nannofossils suggests that an open marine connection did not occur at this time(*). Throughout most of
the Pliocene (ca. 5.3 Ma to ca. 2.6 Ma), the Caspian Sea was an isolated fluvio-lacustrine basin, present
only in the deeper water central and southern regions. Pollen assemblages are rich and diverse and often
include reworked taxa from the Paleozoic, Mesozoic and Paleogene. The non-pollen components include
various algae (e.g. Pediastrum and Botryococcus), fungal bodies and dinocysts (e.g. Caspidinium rugosum
and Spiniferites cruciformis).
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Renewed marine influences are evident in the Caspian Sea more or less coincident with the onset of
northern hemisphere glaciations at the end of the Pliocene (Piacenzian) and beginning of the Pleistocene
(Gelasian) during the Akchagylian regional stage. Limited open marine influence is confirmed by
the presence of a rich, but very low diversity, foraminiferal assemblage characterised by calcareous
benthonics Cassidulina reniforme, C. obtusa and Cibicides lobatulus. This association is well known in
the northern (i.e. Arctic) oceans and strongly suggests that the dominant marine influence during the
Akchagylian was from the north, and not from the Black Sea or Mediterranean (Richards et al. in review).
During the remainder of the Pleistocene, the Caspian Sea has undergone several major (and many
more minor) phases of transgression and regression. Each of the major transgressions is associated
with a distinct ostracod and palynological signal. The early Pleistocene, early Apsheronian transgression
is characterised by dinocysts of ‘Pannonian’ affinity, with varied morphotypes of ‘Pontiadinium’,
Impagidinium and Chytroeisphaeridia present. The late Apsheronian typically contains increased
numbers of Caspidinium rugosum. In the middle Pleistocene, the Bakunian regional stage is marked by
a major increase in frequency and morphological variety of Spiniferites cruciformis. The ‘cross-shaped’
morphology and varied ornament are probably adaptations to allow buoyancy at differing water depths
and salinities (Mudie et al. in press). The Khazarian regional stage (middle to late Pleistocene) sees the first
significant presence of Pterocysta cruciformis, a dinocyst that was until recently only known from the Black
Sea (Rochon et al. 2002). It occurs frequently in the late Pleistocene and Holocene of the northern Caspian
Sea. Assemblages of this age further south tend to contain varied representations of Impagidinium
caspienense among others.
Details of two case studies from the north Caspian region will be presented. The first is of the last ~45,000
ka in the offshore Emba Delta region of Kazakhstan (Richards et al. 2016). Four distinct lithological units
are recognisable from shallow seismic profiles and sedimentology. Each unit has a distinct palynological
and ostracod signature. Unit 4 is interpreted as a sub-aerial dune association (similar to the early
Holocene ‘Baery knolls’) linked to the Atelian drawdown of the Caspian Sea during MIS 4. Overlying
Unit 3 is a lagoonal deposit dated by radiocarbon to MIS 3 and contains a unique pollen flora including
‘thermophilous and hygrophilous relicts’ most notably Taxodiaceae. Unit 2 consists of early Khvalynian
transgressive barrier sands and Unit 1 is a thin Holocene brackish water deposit. All of the unit boundaries
are unconformable, with the late Khvalynian and LGM (Last Glacial Maximum) sediments eroded between
Unit 2 and Unit 1.
The second case study is based on a series of cores of Holocene age from the Damchik region of the
lower Volga Delta, studied for palynology and ostracods (Richards et al. 2014). The study recognises four
principal stages of delta development, beginning with the ‘Baery knolls’ linked to the early Holocene
Mangyshlak lowstand event. Pollen associations indicate successive expansions of steppe, forest and
aquatic vegetation within the delta and lower Volga catchment in response to changing climatic regimes
and delta progradation/aggradation.
(*) a low diversity foraminiferal assemblage does occur (van Baak et al. 2016).

