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Abstract 

 
The Donets Basin of Eastern Ukraine preserves a Carboniferous record of near‐continuous, rapid sedimentation in an aulacogen of the 
European craton. We present a relative sea level history of this basin based on more than 200 high‐resolution core logs and more than 
20 outcrop sections that together define clear stratigraphic and spatial trends. Recently developed, high‐resolution time constraints 
calibrate these records to an unprecedented degree (Davydov et al., 2008).  
 
Donets Basin sedimentation during the Late Paleozoic Ice Age (LPIA) can be broadly characterized in terms of three facies 
assemblages, reflecting a paralic depositional environment with fully marine to fully terrestrial paleotropical deposits. Facies belts 
group into widely correlable, regularly repeating (cyclic) sequences that meet the definition of cyclothems. These cyclothems 
constitute composite sequences, with bundling of cyclothem sequences showing longer‐term sea level trends. More than 240 
cyclothems can be described for a 30 my period of the Carboniferous, reflecting sea level change on the short to long term during the 
onset and apogee of the LPIA. These records show at least six major relative sea level regressions with major sea level transgressions 
following these events. Six intervals interpreted to represent potentially globally ice‐free conditions or glacial minima are indicated, 
with at least six discreet periods corresponding to glaciation recorded. Periods of regional aridity are also inferred (intercalated 
limestones and evaporites, evaporite deposits) for periods of high‐latitude glacial minima while increased coal deposits and indicators 
of increased regional seasonality and humidity define periods of glacial maxima. These findings are in broad agreement with 
recently‐developed high‐latitude sedimentary records of LPIA glaciation. 
 
 

 

Copyright © AAPG. Serial rights given by author.  For all other rights contact author directly.

mailto:jmeros@ucdavis.edu


References 
 

Blakey, R.C., 2008, Gondwana Paleogeography from assembly to breakup – A 500 m.y. odyssey, in C.R. Fielding, T.D. Frank, and 
J.L. Isbell, (eds.), Resolving the Late Paleozoic Ice Age in Time and Space: GSA, Special Paper 441, p. 1-28. 
 
Davydov, V.I., J.L. Crowley, M.D. Schmitz, and V.I. Poletaev, 2010, High-precision U-Pb zircon age calibration of the global 
Carboniferous time scale and Milankovitch band cyclicity in the Donets Basin, eastern Ukraine: Geochemistry Geophysics 
Geosystems G super 3, v. 11/2, p. Citation 00AA04. 
 
Rygel, M.C., C.R. Fielding, T.D. Frank, and L.P. Birgenheier, 2008, The magnitude of late Paleozoic glacioeustatic fluctuations; a 
synthesis: Journal of Sedimentary Research, v. 78/8, p. 500-511. 



Carboniferous U-Pb-calibrated cyclostratigraphy 
and relative sea level: Donets Basin, Ukraine

AAPG 210 Annual Convention: Monday April 12, 2010

Collaborators: 
Isabel P. Montanez, 
David A. Osleger, 
Department of Geology, UC Davis

J. Mike Eros
ExxonMobil Development Company



Tamara I. Nemyrovska, Vladislav I. Poletaev, 
National Academy of Sciences of Ukraine, Kiev, Ukraine;

Zhiakalyak Nikolai Vasilievich, Bondar Aleksandr Pavlovitch, 
Artemovsk Regional Geological Survey, Donetsk State, Ukraine

Vladimir I. Davydov, James L. Crowley, Department of Geosciences, Boise State; 
Neil Tabor, Geology Department, Southern Methodist University;
Erik Gulbranson, Department of Geology, UC Davis

Acknowledgements

Field assistance & 
data repository assistance 
gratefully acknowledged 
from:



-Motivation: LPIA glacioeustasy

- Donets Basin geologic setting

- Donets Basin relative 
sea level

- Comparison to emerging 
climate records: 
implications for modeling 
LPIA ice dynamics

Outline:

Early Permian evaporites, Artemovsk, Ukraine



Motivation:

Emerging records challenge 
the long-established model of a 
single continuous late Paleozoic 
‘icehouse’

Blakey, 2008

Marshak, 2009



Recent evidence 
suggests a dynamic 

late Paleozoic 
Ice Age (LPIA)

Rygel et al. (2008), adapted by Montanez et al. (in prep.)

This study

Field 
area
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Rift 
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Main Research Questions:

1. What is the record of glacioeustasy and climate 
in the Donets succession?

Why this basin? = extensive biostratigraphic 
age control, classic cyclothemic deposits, 
accessible outcrop, thick continuous record 

2. What insight does the Donets record provide 
into the evolving model of the late Paleozoic Ice 
age? 



       

- The Donets records a hierarchy of relative 
sea-level changes including multiple 

1-4 Myr duration lowstands
- Marked episodes of longer-term sea level 

fall correlate with recent high latitude 
records of glaciation

- First near-field cyclothemic record to 
confirm the dynamic nature of the LPIA 

in U-Pb dated temporal resolution 

Take-home message:



U-Pb Geochronology

New U-Pb 
age from 
zircons

(ID-TIMS)

Davydov 
et al., 
2010, G3
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U-Pb Geochronology
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Volcanic 
ash 
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Large-scale Facies Distribution
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Facies Types: Fluvial sandstones and conglomerates
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Facies Types: Delta Top Mudstones/Siltstones
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Field-core 
correlation

Core data derived 
from Makarov et al. 
(1982)

Note: evaporites
not observed in
outcrop



30m

Typical Donets cyclothems: 
fully terrestrial to fully marine
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Tracing individual sequences
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Cross-platform
chronostratigraphy



Cross-platform
“pinning points”
& relative sea
level 



Subsidence

Integrating 
all data:
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history
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sea-level history



~30 m.y. record of relative sea level



Regional aridity
In late Pennsylvanian:

Earlier than previously
estimated; agrees with
recent work across
Pangea 

Relative abundance:
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- The Donets records a hierarchy of relative 
sea-level changes including multiple 

1-4 Myr duration lowstands

- Marked episodes of longer-term sea level 
fall correlate with recent high latitude records

of glaciation

- First U-Pb dated far-field cyclothemic record 
to confirm the dynamic nature of the LPIA

- Newly documented periods of widespread 
aridity and a prolonged period of highstand in 

the Late Pennsylvanian

Conclusions:



Single phase late Paleozoic Ice Age?
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Major Sequence boundaries and marine deposits 
correlate with pinning point movement on the platform
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