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A B S T R A C T

A substantially updated version of the correlation table showing chronostratigraphical subdivisions of late Cenozoic
geological time, spanning the last 2.7 million years is presented. It provides scientists, students, professionals and the
general public with a ready reference to stratigraphical terms and schemes in use in different areas for similar
periods. The updates comprised the status of Quaternary chronostratigraphic subdivision, the combined age-mod-
elled geomagnetic and isotope records from ocean drilling records, and revised regional correlation schemes, notably
for eastern Europe. The paper describes the chart in its 2019 QI-500 form and contains sections on its types of usage
and formal subdivision status, besides reference and description of the contents of the various columns. The paper
also describes and discusses the resolution of correlations in younger and older parts of the last 2.7Ma.

1. Introduction

The Global Chronostratigraphical Correlation Table for the Last 2.7Ma
is a chart initiated by Gibbard et al. (2004, 2005) and Gibbard and
Cohen (2008), as output of work for Quaternary stratigraphic com-
missions of International Union of Quaternary Research (INQUA -
SACCOM) and International Commission on Stratigraphy (ICS) (Sub-
commission on Quaternary Stratigraphy: SQS). Every few years, in-
cremental updates to the chart (Cohen and Gibbard, 2010, 2016) have
appeared online on the websites of these commissions and have been
distributed as handouts at conferences.

The chart covers the last 2.7Ma, has global coverage and resolves to
the nearest 5000 years in its graphics. The chart communicates that
because different regions hosted different Quaternary environments,
regional schemes differ between countries and between land and sea.
The chart is designed to provide a ready reference to stratigraphical
terms that are in use in different areas and environments but apply to
the same time periods. The many regional terms it contains, makes it
useful as an aide memoire for scientists and students needing to look up
terms encountered in the literature on parts of the global Quaternary
record with which one is not yet familiar. The overview that it provides,
makes it useful as an infographic to show professionals and general
public alike the general structure and global communality of the
Quaternary geological record. These two types of usage explain why the
chart (and derivates) has seen wide usage in text books, as lecture

materials and so on.
For this special issue of Quaternary International (QI-500) and the

2019 INQUA Congress in Dublin, a major update of the correlation
table is produced (Fig. 1), as well as of its documentation and refer-
encing. The updates cover the Holocene and Pleistocene chronostrati-
graphic subdivision (Walker et al. 2012, 2018; Head & Gibbard, 2015),
the combined age-modelled geomagnetic and isotope records from
ocean drilling records (Channell et al., 2016) and regional correlation
schemes, notably for eastern Europe. However, the chart retained pre-
viously featured main elements including the marine isotope stages
(Lisiecki and Raymo, 2005), Antarctic ice-core records (Vostok; EPICA
Dome-C) and the Chinese Loess terrestrial sequence (Ding et al., 2005).
Headers above and grouping indicators below the chart columns com-
municate their nature, while labels along the plotted records commu-
nicate depths besides age. An inset table for the last 50,000 years at
higher resolution is also included (Fig. 2).

This paper provides the background to the schemes and records in
the correlation table. It is a completely revised edition of Gibbard and
Cohen (2008) and 2010-2016 smaller amendments. Original section
headings are retained, while a new section on correlation resolution
and accuracy has been added. To the uses of the chart, the description
in this paper importantly adds the reference function of the chart that is
needed to cite individual records and schemes displayed on the chart,
and a helpful entry point when reading on Quaternary stratigraphic
matters.
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2. Formal subdivisions

The timescale adopted on the chart follows the internationally-re-
cognised formal chronostratigraphical/geochronological subdivisions
of time: the Phanerozoic Eonathem/Eon; the Cenozoic Erathem/Era;
the Quaternary System/Period; the Pleistocene and Holocene Series/
Epoch, each with subseries divisions, down to the Stage/Age formal
level that is the building block unit of the IUGS-ICS international
chronostratigraphic chart (Cohen et al., 2013: updated in 2018-08). The
Quaternary currently includes the Gelasian and Calabrian as Stage/
Ages in the Lower Pleistocene Subseries/Subepoch, unnamed younger
Stages/Ages in the Middle and Late Pleistocene, and at its top three
recently (Walker et al., 2018) introduced Stages/Ages Greenlandian,
Northgrippian and Meghalayan to allow the definition of subseries/
subepochs for the Holocene (see below).

Subdivision at Series- and Stage-level in the Quaternary is based on
the recognition of repeated major global climatic oscillations
throughout its stratigraphical record, to distinguish especially the
younger cycles individually, and to practically group these climatic
variations in the less completely preserved and less accurately re-
solvable older Quaternary. Variations in Earth's rotation axis, obliquity
and precession, and eccentricity of its solar orbit, have caused cyclic
variations in solar irradiation and thus Earth's atmospheric energy
budgets and climate (Imbrie and Imbrie, 1980). This has repeatedly
triggered glacials that were strong and repetitive enough to warrant
climato-stratigraphic subdivision of the youngest few million years –
the concept behind Marine Isotope Stages as recognised in the Pleis-
tocene and Pliocene (see section: Oceanic Drilling record). Over suc-
cessive cycles, however, the geological records show considerable
variation in rates of climate change and minima and maxima reached.
In the last 1 million years glacial cycles – past a transient period called
the Mid-Pleistocene Revolution – had a periodicity of c. 100 ka and the
glacial minima were profound (associated to ice ages in the classic
notion of workers such as Agassiz in 1847 and Penck & Brückner in
1909), while for million years before the cyclicity was c. 41 ka in
duration the glacial minima during which were less severe (of shorter
duration and mostly milder, though some Early Pleistocene cycles show
relatively deep minima as well). Dramatic changes in the orbital
parameters can safely be excluded and instead the shift in frequency of
glacial cycles in the Quaternary record shows that the way the Earth
modulates and amplifies orbital forcing progressively evolved. While
the various schemes in the correlation table are based on geological
study of regionally differing palaeoenvironments, and hence are dis-
tinguished using different division criteria, the alignments in the cor-
relation table as a whole emphasise the shared, dominant glacial-in-
terglacial cyclicity that underpins Quaternary chronostratigraphy.

The formal division of the Quaternary is the responsibility of the
International Union of Geological Science's (IUGS) International
Commission on Stratigraphy (ICS), the Subcommission on Quaternary
Stratigraphy (SQS), in partnership with the International Union for
Quaternary Research's (INQUA) Commission on Stratigraphy and
Chronology (SACCOM). Series, and thereby systems, are formally-de-
fined based on Global Stratotype Section and Points (GSSP) that are tied
to the base of stages. Two such GSSPs divide the Quaternary System
into the Holocene and Pleistocene Series, and further GSSPs function to
subdivide Series into multiple Stages. Intermediate to the Series and
Stage units, subdivision into Subseries (Subepochs) are in the process of
being formalised. For the Holocene, Subseries/Subepochs have been
ratified (see below), while for the Pleistocene they are under con-
sideration (status January 2019).

The base of the Pleistocene (Gibbard and Head, 2010; Gibbard et al.,
2010) is defined by the GSSP at Monte San Nicola in southern Italy,
marking the base of the Gelasian Stage (Rio et al., 1994, 1998). The
Gelasian GSSP at 2.58Ma replaces the pre-2009 Pleistocene base GSSP
(∼1.8Ma, defined at Vrica, southern Italy). The ∼1.8Ma GSSP is re-
tained to define the base of the Calabrian Stage. The chart mentions

that the base of the Pleistocene was administratively lowered in 2009,
an outcome of 60 years of discussion (Head and Gibbard, 2015. See
also: Ogg and Pillans, 2008; Head et al., 2008; Lourens, 2008; Gibbard
and Head, 2009a,b; Gibbard, 2010; Gibbard et al., 2010). Since 1948
there has been a consensus that the basal boundary of the Quaternary/
Pleistocene should be placed at the first evidence of climatic cooling of
ice-age magnitude. This was the original basis for placing the boundary
at ∼1.8Ma in marine sediments at Vrica in Calabria, in Italy (Aguirre
and Pasini, 1985). Since that time, it became known that a major
cooling occurred earlier, at c. 2.55 million years (Cita, 2008), and that
even earlier cooling events featured in the Pliocene. The closure of
Central American Seaways between the Pacific and Atlantic Oceans
around 3.2Ma, significantly restructured oceanic and atmospheric cir-
culation on the Northern Hemisphere, causing increased high-latitude
precipitation, raised ice-sheet inception potential, freshening of the
Arctic Ocean and increased sea-ice cover amplifying cooling through
albedo feedbacks, especially during insolation minima (Bartoli et al.,
2005; Lunt et al., 2008; Sarnthein et al., 2009). By 2.7Ma this re-
structuring shows a southward shift of ocean currents, and polar at-
mospheric circulation, observed as a drop in sea surface temperature
(Hennissen et al., 2014, 2015), believed to explain the concurrent pa-
laeoenvironmental transitions observed on land, establishing the gla-
cial-interglacial oscillating climate mode associated with the Qua-
ternary. Since its definition at 1.8Ma, there had been strong pressure
for the basal Quaternary/Pleistocene boundary to be moved down-
wards better to reflect the initiation of major global cooling (Pillans and
Naish, 2004; Gibbard et al., 2005; Bowen and Gibbard, 2007; Cita and
Pillans, 2010), effectively corresponding to the Gauss/Matuyama
magnetic Chron boundary (e.g. Partridge, 1997; Suc et al., 1997;
Channell et al., 2016).

The younger part of the Pleistocene on the ICS geological time scale
comprises two more named stages that have yet to be defined formally.
Common placeholder labels for these stages are Middle Pleistocene and
Late Pleistocene, because of their correspondence with Subseries. In the
early 1990s, the INQUA Commission on Stratigraphy/ICS Working
Group on Major Subdivision of the Pleistocene agreed to place the base
of the Middle Pleistocene at the Brunhes/Matuyama magnetic polarity
reversal (Richmond, 1996). This chron boundary occurs about midway
through a climatic transition towards longer and more severe glacials -
the ‘Middle Pleistocene revolution’ (see below) - that is another reason
to divide the Middle from the Early Pleistocene (Head and Gibbard,
2005, 2015; Head et al., 2008b). A stratotype locality has been iden-
tified as the outcome of work by an ICS-SQS Working Group (Head
et al., 2008b; Head and Gibbard, 2015), a GSSP proposal in the marine
section exposed on the Chiba peninsula SW of Tokyo, Japan is currently
being considered, while an auxiliary section in the Mediterranean is
foreseen. This will mark the base of the Middle Pleistocene Subseries/
subepoch, terminating the Early Pleistocene stages.

The base of the Late Pleistocene is placed by historical precedent at
that of the Last Interglacial, shortly following what is defined as
Termination II in deep (ocean floor) and shallow (coral reef) marine
isotope records (e.g. Siddall et al., 2003; Medina-Elizalde, 2013), and
broadly coinciding with the base of the regional Eemian Stage in
Western Europe (Zagwijn, 1992; Kukla et al. 2002; Gibbard, 2003; Litt
and Gibbard, 2008) and/or the wider North Atlantic (Iberian margin:
Sanchez-Goñi et al., 1999; Shackleton et al., 2003; Greenland: NEEM
community members, 2013). Again, a most-suitable stratotype locality
to host a GSSP has yet to be identified, with the SQS soliciting candidate
localities, whether in an Antarctic ice core record, in a speleothem, a
marine or terrestrial sedimentary record. Accurate age-control and
event-scale stratigraphic correlation within Termination II and the Last
Interglacial (i.e. at a higher resolution than in the presented chart) is
important to obtain a second measure on the lag times of slower
components of the Earth's climate system over terminations, in cir-
cumstances other than that of Termination I and the Holocene. Estab-
lishing the precise lag time is an important current research goal, tying
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global sea-level, ice-mass and crustal glacio-hydroisostasy studies for
different interglacials to regional climatic variation, oceanography and
palaeomagnetics (e.g. Shackleton et al., 2003; Lourens, 2004; Lambeck
et al., 2006; Dutton and Lambeck, 2012; Dutton et al. 2015; Long et al.,
2015; Barlow et al., 2018).

The Holocene chronometrically is generally regarded as having
begun 10,000 radiocarbon years before 1950 CE (the zero datum of the
radiocarbon timescale). Chronostratigraphically, it is defined to have
begun at 11,703 ± 99 (∼2σ) calendar years before 2000 CE, recorded
at 1492.45m depth in the North-GRIP ice core of the Greenland Ice-
Core Project (NGRIP: Rasmussen et al., 2006; Hoek, 2008). The base of
the Holocene has been defined as a Global Stratotype Section and Point
(GSSP) in the NGRIP ice core (Walker et al., 2008, 2009). Auxiliary
stratotypes are also defined, for example, in an annually-laminated lake
sequence in western Germany (Litt et al., 2001). The Holocene Series
has recently been divided into three named stages (ratification July
2018). This step was taken to help defining and formalising (Walker
et al., 2012) the Early, Middle and Late Holocene Subseries/Subepochs
and have their bases marked with GSSPs. In addition to the base Ho-
locene GSSP (base Greenlandian), these are the base Northgrippian
GSSP in the same NGRIP core with an annual layer count age of
8236 ± 47 (∼2σ) yr before 2000 CE (Vinther et al., 2006; Walker
et al., 2008), and the base Meghalayan with a GSSP in a speleothem
from Mawmluh Cave, Meghalaya, India, with an associated radiometric
age of 4250 yr before 2000 CE (Walker et al., 2018).

The ‘Anthropocene’ is not yet a formalised chronostratigraphic unit
and for that reason is not yet shown in Fig. 1, although a mid-20th
Century basal date onset is nowadays entertained by the ICS- SQS
working group on this (Waters et al., 2016; Zalasiewicz et al., 2017) and
a sedimentary section is being sought to chronostratigraphically define
a base Anthropocene using a GSSP. In anticipation, but also to allow the
correct expression of the Holocene subseries ages to their significant
digit from the present, the updated chart from this version onwards
specifies 1950 CE as the calendar age of 0Ma. Not coincidentally when
it comes to the selected year (the link being the beginning of nuclear
weapons testing), this is similar to what the radiocarbon dating com-
munity once decided to do (Stuiver and Polach, 1977): fixing ‘the
present’ to a calendar date. If such is accepted, the event will be marked
by a Global Standard Stratigraphic Age (GSSA). By convention, un-
calibrated 14C ages prior to 1950 CE are reported as dates in years ‘BP’
(i.e. Before Present), with the recommendation that this unit is used
only for dates obtained with radiocarbon dating (van der Plicht and
Hogg, 2006). This restriction triggered the ice-core community to in-
troduce ‘B2K’ tied to 2000 CE (Wolff, 2008) for their records. The chart
displays the base Holocene Series/Epoch as 0.0117Ma (rounding
11,650 before 1950 CE), as does the ICS International Chronostrati-
graphical Chart (v. 2018-08). The Middle and Late Holocene Subseries/
Subepoch onset ages are 0.0082 and 0.0042Ma.

3. Oceanic drilling record: global-distributed stacks as correlation
targets

Isotope studies from fossil foraminifera preserved in the bottom
sediments of the world's oceans (stable oxygen isotope fractionation,
δ18O) have indicated that during the last 2.6Ma as many as 52 cold and
interspersed warm climate periods occurred, often referred to as gla-
cials and interglacials (e.g. Suggate, 1965). Furthermore, geomagnetic
studies on the same deep marine cores have revealed alternating per-
iods of normal and reversed inclination, and brief excursions of the
magnetic poles marking times of relative low field strength (relative
palaeointensity, RPI; e.g. Channell et al., 1997). These two-types of
proxy-records are available from for an increasing globally distributed
network of ocean floor drilling sites.

So-called ‘stacks’ of these proxy data are created by combining and
cross-correlating high-resolution data series from those sites that span
long time periods at sufficiently high enough sampling resolution (e.g.

Lisiecki and Raymo, 2005; Channell et al., 2009). These are produced to
summarise the common signal in the global datasets and to establish
calibrated age models, by tuning the signals to the beat of Milankovitch
orbital cyclicities (Martinson et al., 1987). The stacks also serve as
correlation targets for less long and/or less continuous Quaternary se-
quences from the other sedimentary environments on Earth: terrestrial
continental and shallow marine continental shelf records. That evi-
dence is typically incomplete and more regionally variable, meaning
that terrestrial glacial-interglacial stratigraphies must refer to the ocean
record for a global chronological foundation (see also the section on
Correlation resolution).

The inventory of geomagnetic chrons, subchrons and excursions on
the chart, is taken from the compilation of Laj and Channell (2007: their
Tables 2 and 3). Geomagnetic excursions and reversals occur at times of
low magnetic field intensity. Excursion and reversal ages are updated
after Channell et al. (2009, 2016), who produced a stacked pa-
laeointensity record established on deep-sea core evidence from 13 lo-
cations around the world (2009: PISO-1500), extended with North
Atlantic data from 4 cores (NARPI-2200). For the period beyond 2.2Ma,
a single North Atlantic core record is available (Channell et al., 2016:
IODP Site U1308), which newly identified the Porcupine excursion fea-
tured at the very base of the chart. Independent age-control for the
various magnetic events comes primarily from 40Ar/39Ar dating of vol-
canic lava. Such age-estimates in isolation, however, have a lower pre-
cision than combined data on palaeomagnetics and oxygen isotope
stratigraphy from deep sea drilling offers (Shackleton et al., 1990;
Lourens, 2004; Channell et al., 2016). Naming of subchrons and excur-
sions is after geographical locations where they were first recognised,
some volcanic on land (e.g. Olduvai; subchron within the Early Pleisto-
cene; c 1.975–1.750Ma), some marine offshore (e.g. Blake; excursion
within the Late Pleistocene, c. 0.121Ma). The palaeomagnetic chrons
are, by convention, named after pioneer scientists in palaeomagnetism.

The deep-sea based, climatically-defined marine isotope record
shown on the chart, is taken from oxygen isotope data retrieved from
deep-ocean cores from 57 locations around the world (the so-called
LR04 stack, compiled and age-tuned by Lisiecki and Raymo, 2005), and
expressed as δ18O (the ratio of 18O versus 16O divided by a modern-day
standard, in ‰). Shifts in this ratio are a measure of global ice-volume,
which is dependent on global temperature and which determines global
sea-level. The data present here are those obtained from tests of fossil
benthonic (ocean-floor dwelling) foraminifera, corrected for inter-
species fractionation differences. Independent age-control for the var-
ious oxygen-isotope events, in the Middle and Late Pleistocene comes
primarily from U/Th dating of such signals in speleothems in monsoon
affected parts of the world and coral reefs of the tropical seas. These
ages are transferred to the ocean foraminiferal and Antarctic ice-core
records by cross-correlation. In the youngest c. 40.000 years, 14C
dating, cross-correlation to annual-layered sedimentary records
(Greenland ice core, varved lakes) and calibration to tree-ring stacks
(dendrochronology, biological record) provides independent age-con-
trol. In the Early Pleistocene and beyond, independent age-estimates for
volcanic event markers and aforementioned palaeomagnetic events are
means of further validating and optimising astronomically-tuned ages
(Lourens, 2004; Lisiecki and Raymo, 2005; Suganuma et al., 2015).

The marine oxygen isotope record, and equally the terrestrial re-
cords featured on the chart, show the time between c. 1.2 and 0.5Ma
(Early–Middle Pleistocene Transition; Head and Gibbard, 2005, 2015)
to have been a transitional period during which low-amplitude 41-ka
obliquity-forced climate cycles of the earlier Pleistocene were replaced
progressively by high-amplitude 100-ka cycles. The first part of the
period is labelled the Mid-Pleistocene Revolution, the last phase of
transition the Mid-Brunhes Event (Jansen et al. 1986). Orbital and non-
orbital climate forcing, palaeoceanography, stable isotopes, organic
geochemistry, marine micropalaeontology, glacial history, loess–pa-
laeosol sequences, pollen analysis, large and small mammal palaeoe-
cology and stratigraphy, and human evolution provide a series of
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discrete events identified from Marine Isotope Stage (MIS) 36 (c.
1.2 Ma) to MIS 13 (c. 540–460Ma). The later cycles are indicative of
slow ice build-up and subsequent rapid melting, and imply a strongly
non-linear forced climate system compared to before, accompanied by
substantially increased global ice volume during glacials after 940 ka.
Of these, the cold maximum of MIS 22 (c. 880–870 ka) is the most
profound. The shift towards longer-stronger ice ages that took place
during the Quaternary, is to be considered the outcome of marked
changes in the sensitivities and responses to the orbital forcing of
multiple other elements in the earth system (i.e. not a change in the ice
part of the system alone). The changes of the Early–Middle Pleistocene
Transition affected the cryosphere, hydrosphere, biosphere and atmo-
sphere, over land and over the oceans, changing the heat distribution,
water cycle and carbon cycle, arguably even stronger than they did at
the onset of the Pleistocene. They lead to increased severity and
duration of cold stages, including changed overturning modes in the
ocean (e.g. Lisiecki, 2014) and had a profound effect on the biota and
the physical landscape, especially on the continents of the Northern
Hemisphere (Head and Gibbard, 2005, 2015).

The table includes the LR04 calibrated ages for the last seven major
glacial terminations, and a standard scheme of numbering recognised
interglacial (odd) and glacial (even) Marine Isotope Stages (MIS;
Shackleton, 1969; Broecker & van Donk, 1970; Railsback et al. 2015).
The Penultimate and Last Glacial Maximum are abbreviated as PGM
and LGM and are the cold maxima within MIS 6 and MIS 2 respectively.
The use of these latter terms in the global sense, e.g. when deriving ice
volumes from oceanic oxygen isotope records and sea-level low stand
studies (e.g. Peltier & Fairbanks, 2006; Carlson & Clark, 2012), differs
from that from region to region in connection to ice-margin mapping
and dating (the farthest advance within the last glacial being the
maximum advance). The global LGM and PGM center around the mo-
ments at which the globally-aggregated land ice volume reached a
maximum within the last and penultimate glacial cycle. Last-glacial
maximum ice advances differ in timing from region to region, between
sectors and lobes of the same ice sheets, and between valley glaciers in
the same mountain ranges (e.g. Hughes and Gibbard, 2015), and do not
necessarily coincide with the LGM as labelled along deep marine
benthic foraminiferal δ18O records. This also explains our placement of
the LGM global ice volume maximum and last sea-level low stand in the
high-resolution inset chart of Fig. 2.

Planktonic foraminifera and calcareous nannoplankton provide an
alternative biostratigraphical means of subdivision of marine sedi-
ments. The micropalaeontological zonation is taken from Berggren
et al. (1995). In the Mediterranean region, especially in southern Italy,
‘standard stages’ have been defined, that is units that divide Quaternary
time into portions of approximately the same duration as those in the
pre-Quaternary time (i.e. Paleogene, Neogene). Their definition is
based principally on faunal and protist biostratigraphy, with renewed
multidisciplinary investigation in more recent years. The Italian
shallow marine stages depicted here are derived from van Couvering
(1997) and modified by Cita et al. (2006) (cf. also Cita and Pillans,
2010). See also the section on formal subdivisions above.

4. Major continental records: Antarctic ice, Chinese loess, Lake
Baikal

Two plots of isotope measurements from Antarctic ice-cores are
shown. The first is the 420-kyr-long plot from the Vostok core and
shows atmospheric δ18O (Petit et al., 1999), determined from gas
bubbles in the ice. This atmospheric δ18O is inversely related to δ18O
measurements from seawater and therefore is a measure of ice-volume.
It can also be used to separate ice volume and deep-water temperature
effects in benthic foraminiferal δ18O measurements. The deuterium
measurements (δD) for the last 800 ka are from the 3.2-km-deep EDC
core in Dome C (EPICA members, 2004; Jouzel et al., 2007). They come
from samples of the ice itself and give a direct indication of Antarctic

surface palaeotemperature.
For the Chinese loess deposits the chart shows the sequence of pa-

laeosols (units S0 to S32) for the Jingbian site in northern China (Ding
et al., 2005). Jingbian is one of multiple sites with long loess sections
spread over the loess plateau (e.g. Ding et al., 2002; Hao et al., 2012).
High values of magnetic susceptibility indicate repeated episodes of
weathering (soil formation), predominantly in interglacials with re-
lative strong summer monsoon. In intercalated strata (units L1 to L33;
accumulated during glacials) the proportion of coarser grains
(grains > 63 μm, % dry weight) is a signal of progressive desertifica-
tion in Central Asia. While the long loess record is portrayed as a
continuous curve, chronometric investigations reveal individual sec-
tions such as Jingbian to contain resolvable hiatuses (e.g. Stevens et al.,
2018). For now, the magnetic and grain-size data has remained plotted
on the Chinese Loess Particle Time Scale (Ding et al., 2002). Future
versions of the chart may well contain time scale updates, re-synced to
the speleothem, palaeomagnetic, Antarctic ice core and oceanic studies
mentioned above. Alternating loess-palaeosol sequence accumulation
throughout NE China coincides with the begin of the Pleistocene and
buries the more intensively weathered Pliocene ‘Red Clay’ Formation
(Zhisheng et al., 1990).

The Siberian Lake Baikal sediments provide a bioproductivity record
from the heart of the world's largest landmass, an area of extreme con-
tinental climate. High concentrations of biogenic silica indicate high
aquatic production during interglacials (i.e., lake diatom blooms during
ice-free summer seasons), mimicked in other proxy-records from the lake
(e.g. Prokopenko et al., 2010, exemplified for MIS 11). The composite
biogenic silica record from cores BDP-96-1, -96-2 and −98 is plotted on
an astronomically tuned age-scale (above 1.2Ma: Prokopenko et al.,
2006; below 1.2Ma: Prokopenko and Khursevich, 2010).

5. Regional stage/substage divisions

The continuous sequences, above, provide the comparison for a
selection of continental and shallow marine stage-sequences from
around the world reconstructed from discontinuous sedimentary suc-
cessions. Solid horizontal lines on the plots indicate observed bound-
aries, where no lines separate stages, additional events may potentially
be recognised in the future.

The NW European stages are taken from Zagwijn (1992) and De
Jong (1988). The British stages are taken from Mitchell et al. (1973);
Gibbard et al. (1991) and Bowen (1999). The Russian Plain stages di-
vision scheme has been replaced. Where past version of the chart drew
upon the Stratigraphy of the USSR: Quaternary System (1982, 1984),
Krasnenkov et al. (1997) and Shik et al. (2002), the current scheme is
based on Shik (2014) and Shik et al. (2015), translated by A.K. Markova
(pers. comm.). A scheme for the Ukrainian Loess Plain is also included,
based on Van Kolfschoten & Gerasimenko (2006), N. Gerasimenko
(pers. comm). Of similar length as the ‘Standard Stages’ in the marine
scheme for the Mediterranean from the southern Italy sites, the Russian-
Ukrainian Plain schemes recognise the Neopleistocene equivalent to
Middle and Late Pleistocene subseries, and the Eopleistocene equivalent
to the Calabrian. Following the redefinition of the base of the Lower
Pleistocene in 2009, the term Paleopleistocene was introduced
(Tesakov et al., 2015) for the equivalent of the Gelasian.

The North American column includes a provisional lettering scheme
for pre-Illinoian glacial stages by Richmond (unpublished). Reassessing
the chart contents for the current publication, the scheme was checked
against Roy et al. (2004), Barendregt & Duk-Rodkin (2004) and
Jennings et al. (2007) reviews of that continent's record, which for the
Laurentide ice sheet recognise Gauss/Matuyama glaciation (pre-
sumably equivalent to the pre-Illinoian K); early Matuyama glaciations
(?H-J); late Matuyama glaciations (?F,G) and Brunhes glaciations (?A-
E) at markedly increasing size — besides simultaneous developments of
Cordilleran glaciation. The New Zealand stages are taken from Pillans
(1991) and Beu (2004).
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Fig. 1. Global chronostratigraphical correlation table for the last 2.7 million years, v. 2019. The figure is a compilation making extensive use of published data sets
and schemes, all cited in the main text. An unpaginated version of the chart, suitable for poster-sized reproduction, is available online at data.mendely.com (Cohen &
Gibbard, 2019).
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Fig. 1. (continued)
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Fig. 1. (continued)
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6. Higher-resolution inset correlation table for the last 50,000
years

More detailed chronologies and division schemes than could be
shown in Fig. 1, exist for the Late Pleistocene and Holocene, allowing to
define and label subdivisions of millennial duration. As a high-resolu-
tion inset supplementing the main chart, Fig. 2 shows these for the last
50,000 years, with focus on the North Atlantic, Greenland and NW
Europe.

Labels along the bottom of the inset table (Fig. 2) highlight what
geological property and/or research method underpins the time con-
trol. Panels on the left copy schemes and records from the main one (the
benthic record of core MD95-2042, is part of the LR04 benthic stack
featured in Fig. 1), while panels to the right are replacements (e.g.
Greenland ice core data, instead of Antarctic). The inset table covers the
last 50,000 years because that is the end point of the IntCal13 and
Marine13 radiocarbon calibration data set (Fig. 2 far right; Reimer
et al., 2013), that are the standards for calibrating 14C dates obtained
from terrestrial and marine surface water environments respectively.
This is also quite close to the analytical limit of measuring radiocarbon
activity against ‘dead carbon’ backgrounds.

Of the records featured in Fig. 2, the IntCal13 calibration standard
(based on tree ring annual layers up to 13.9 ka, other constructs for
13.9–50 ka) and annual layer counts on multi-proxy Greenland ice core
data (Rasmussen et al., 2014) deliver high-accuracy chronometry and
hence offering high-accuracy correlation targets events in other high-
resolution records, with less accurate native chronometry. To help this,
for the last glacial part of the Greenland record, a numbered division
into stadials and interstadials (GS respectively GI; also known has
Dansgaerd-Oeschger events) have been introduced (Rasmussen et al.,
2014). The shown marine record examples (benthic record from core
MD95-2042, Shackleton et al., 2003; Heinrich event beds, Voelker and
de Abreu, 2011) stand example for such correlation exercises (making
use of planktonic isotope signals in addition).

7. Correlation resolution

The main chart (Fig. 1) purposely uses a linear time scale to show

the glacial-interglacial cyclicity that characterises the Quaternary as a
whole. The records from the deep ocean floor and the Antarctic ice
sheet (globally integrating signals) and from the Asian land mass in-
terior (the world's most continental region) are plotted at native re-
solution to show graphically the climatic variation between and within
the glacial-interglacial cycles, but not to read ages of the graph at that
resolution. The original publications of these records are referred to for
this purpose, with the caveat that since original record publication, age-
depth models may have been updated. Where such revisions are known
to the compilers, these have propagated into updated versions of the
chart, and we refer to the paper with the ages used. In most cases, at
native resolution (i.e. in the form in which the dataset was shown in the
original publication and shared as dataset) is millennial, but the abso-
lute age accuracy for tie-points in the records is in the order of 4–5000
year.

Aligning the division scheme to plots of selected key records at their
linear time axis, serves firstly to show the difference in durations of
subsequent divisions. It also puts focus on the accuracy at which unit
boundaries could be pin-pointed, on which we here make some re-
marks. Hitherto, the dating of the base of the last interglacial Eemian
regional Stage in NW Europe (defined biostratigraphically) serves as the
example. Close inspection of the chart will show the reader that this
lags the start of Marine Isotope Stage 5 (MIS 5) from the deep-ocean
record by a few thousand years (Sanchez-Goñi et al., 1999; Shackleton
et al., 2003: c.126 vs. c.131 ka off Portugal; Sier et al., 2015: c.122 vs.
c.130 ka further north in The Netherlands). Similarly, most clearly il-
lustrated in Fig. 2, the beginning of the Holocene interglacial does not
correspond to the onset of the current marine stage MIS 1 (see below;
11.7 versus 14.5 ka) which it post-dates by 2–4000 years (see above).
This serves to emphasise that there is not necessarily a direct corre-
spondence between the stage boundaries in terrestrial and ocean en-
vironments and even between regions. The chronostratigraphic tech-
nical reason for this is that the divisions were recognised and defined on
the basis of different criteria because the type of geological record and
the paleoenvironmental proxy data in different settings. Deeper reasons
underlying this are decisions on precisely how interglacial between
glacial events should be defined, i.e. what should mark their beginning
the interglacial phase and where they end (exemplified in Gibbard and

Fig. 2. Higher-resolution inset correlation table for the last 50,000 years. The figure is a compilation making extensive use of published data sets and schemes, all
cited in the main text.
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West, 2014). Choices on that have been different in proxy records
studied on land (notably in mid-latitude vegetational successions) and
those in the ocean (notably isotope chemostratigraphy).

In the Holocene Series and the Eemian regional Stage, the lag time
between the mid-point of risings limbs of marine isotope plots (used to
time the MIS terminations) and the onset of determined interglacial
conditions from proxy records on land (marking beginnings of re-
gionally defined Stages) is repeatedly chronometrically reconfirmed
(Holocene: e.g. Rasmussen et al., 2006; Carlson & Clark, 2012; Last
Interglacial: e.g. Stirling et al. 1998; Sanchez-Goñi et al., 1999). Since
the same principles and practices of chronostratigraphic recognition of
interglacials between glacials and division of the marine isotope records
are also applied to the older Pleistocene cycles, one would regard si-
milar millennial-scale lags to exist and be of the same broad time
duration as the accuracy at which specific events seen in the record
tend to have been dated. This signals the resolution limit that a Qua-
ternary correlation chart and correlation methods in general currently
reach.

Furthermore, the diachroneity amongst chronostratigraphic
boundaries from different settings, is also of the same broad duration as
the phase lag observed between ‘Milankovitch’ orbital forcing of the
climatic cycles (Laskar et al., 1993) and the oceanic oxygen-isotope
registered signal of global climatic response. This is a result of the la-
tency and hysteresis of the Northern Hemisphere ice sheets to accu-
mulate ice when 65°N summer solar insolation drops and to melt when
it rises (Imbrie and Imbrie, 1980). This is a key parameter when as-
tronomically tuning the age of repeated climatic oscillations seen in
records generated for the longer Quaternary, the Neogene and beyond
(Lourens et al., 1996). Lisiecki and Raymo (2005) in their tuning of the
LR04 stacked oceanic record, for obliquity forcing show the phase lag in
the benthic oxygen isotope signal to be about 6800 years in the Middle
Pleistocene (with its 100 ka glacial cycles and large ice sheets), whilst it
is shorter in the Early Pleistocene and Pliocene (c. 3400 years). About
1000 years of these lags can be considered ocean response time, the
remainder is Northern Hemisphere ice-sheet latency. Regional climate
signals recorded in the vicinity of large ice masses can lag showing
warming a few millennia longer than the ocean recorded mean global
signal.

In summary, the state of art of chronometric accuracy, under-
standing of response diachroneity and the practice of astronomical
tuning combined, for the rest of the Pleistocene limit the accuracy at
which chronostratigraphic correlation approaches currently operate to
3–5000 years (0.003–5Ma) in the best resolved records (including
those shown in the chart). That value is very similar to the graphic limit
at which one can read the time axis and visually compare event and
boundary positions in the main chart (Fig. 1). Those who trace the
references to the records illustrated and download original data files
will find that the precision and dating accuracy of individual records is
higher (especially close to chronometric tie-points used to establish
down-record ages), but that accuracy is lost for interpolated ages be-
tween, when aligning independent records, and when matching re-
gional stratigraphic unit boundaries over great distance to events in
long records. The chart reading accuracy of 3–5000 years thus applies
to correlating events in the best resolved records displayed next to each
other, and/or equating beds and event defining the basal boundaries of
units in regional chronostratigraphical schemes. This accuracy limit has
only loosely been estimated here and is meant to apply to the part of the
chart below the Last Glacial cycle.

For the Late Pleistocene and Holocene, age-control accuracy
nowadays is (sub)centennial owing to annual layer counting and
radiocarbon dating (e.g. Rasmussen et al., 2006; van der Plicht and
Hogg, 2006), far exceeding what can be graphically plotted in a 2.7Ma
chart with linear scale (for which reason we included Fig. 2). This paper
is otherwise not exhaustive in documenting correlation resolution
within the Late Pleistocene and Holocene. Papers by Rasmussen et al.
(2006: Greenland ice core record), Reimer et al. (2013: IntCal13 and

Marine13 radiocarbon age calibration data) provide accuracy target
standards, that would be entry points for evaluating that. Event case
evaluations performed to define the Holocene subseries (Walker et al.,
2012, 2018) stand example for it, as does work on the timing of
Heinrich events (event beds rich in ice rafter debris (IRD) at mid lati-
tude in the North Atlantic; Voelker and de Abreu, 2011) in relation to
benthic and planktonic marine oxygen isotope geochemistry, and the
annually layered Greenland ice core record (e.g.‘H0′ IRD bed timing
within the Younger Dryas/GS-1; ‘H4’ IRD bed timing within GS-9). The
Greenland ice core record and division schemes extend to the lower half
of the Late Pleistocene, reaching the Last Interglacial (Rasmussen et al.,
2014). Further high-resolution schemes exist from Asian regions sen-
sitive to variations in monsoon-strength registering speleothem com-
posite records (Wang et al., 2008; Cheng et al., 2009). The various high-
resolution chronometric records for the youngest few cycles also sup-
port (if not drove) the age-depth model of the upper part of the Ant-
arctic ice core records featured in Fig. 1.

8. Discussion and conclusion

The sections above document and reference the contents of the chart
and provide some background on the current level of understanding of
the strongly climatic-oscillation sensitive geological records during the
Quaternary around the world. Through the text the current use of the
chronostratigraphic units, schemes and concepts in conjunction with
other geological techniques and stratigraphic practices is also men-
tioned. The chart depicts overarching global schemes for labelling se-
diment sequences to named time periods, as well as regional ones.
Besides such schemes, the chart also depicts long geological records of
reasonably high and constant resolution, showing climatic variability
and character as it developed over the Quaternary System/Period.

The basic practical use of the table is to have it at hand to check
terms and references for regions that one is not familiar with (reference
chart), to give one's audience an overview of diversity and communality
in the global record of the last 2.7Ma. In this description of the chart,
the authors aimed to summarise also the advanced scientific use of the
schemes and records brought together on the chart. It is common
practice to correlate between schemes, between long records, and be-
tween each other when interpreting regional and global Quaternary
records, which is practical to an accuracy limit that is similar to the
graphic resolution of the 2.7Ma chart as a whole (Fig. 1). The outcomes
of the many correlative studies (by many diverse groups, an arbitrary
selection being cited here) made it possible to compile the main chart,
at the given resolution.

Since its conception, the chart description has included a status
overview on internationally formalisation of the chronostratigraphic
subdivisions in the Quaternary in the internationally recognised hier-
archy of Series, Subseries, Stages and GSSPs (e.g. Pillans and Gibbard,
2012; Head and Gibbard, 2015), to present the youngest part of the
Geological Time Scale compatible with remaining International Chron-
ostratigraphic Chart. In the Early and Middle Pleistocene, the use of
chronostratigraphic units and the approach to defining their boundaries
(seeking marine sections exposed on land in which to define formal GSSP
boundaries) has been closely comparable to the approach adopted for the
Neogene. This is quite different for the Holocene where dating resolution
is considerably higher than in the previous 2.7Ma (where annually la-
minated ice-cores and speleothems where formal boundaries have been
identified). The Late Pleistocene division is yet to be formally defined,
which is dependent on the identification of an agreed base for the Last
Interglacial. Seeking a GSSP for this interval is an important priority
since clarity over the initiation of the Last Interglacial holds information
for (1) repetitiveness of earlier glacial-interglacial cyclicity and (2)
analogue global climate and ice volume states in the present and near
future. When one wants to substantiate the arguments for drawing the
latter analogies, it is good to have the response variability between
subsequent glacial-interglacial transitions and timing of arrival of climax
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conditions assessed. This is also what is required to improve age attri-
butions to events within past glacial-interglacial cycles as part of quan-
tifying earth-system functioning, as well as for testing and improving the
accuracy of chronostratigraphic correlations communicated for the last
2.7Ma, beyond present chart resolution.

Finally, this latest version of the chart and documentation represent,
as far as possible, the current state of knowledge at the time of writing.
However, the production of the chart is an on-going process, it is
therefore necessary to continually update the correlation table as new
evidence emerges.

Poster versions of Figure 1 and inset Figure 2 are shared online as
https://dx.doi.org/10.17632/dtsn3xn3n6.1, hosted at Mendeley Data.
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