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Each chronostratigraphic unit of the International Geologic Time Scale will be defined
at its base by a Global Stratotype Section and Point (GSSP) or Global Standard Strati-
graphic Age (GSSA). Nearly 50 GSSPs and 10 GSSAs have now been ratified. Ideally,
the GSSP coincides with events having a global correlation potential. The international
stage divisions of some systems, such as the Jurassic or Neogene, are similar to tradi-
tional usage in European geology. However, in order to utilize global correlation hori-
zons, the international stage divisions of other systems, such as the Ordovician or Per-
mian, have required assembling new stage nomenclatures or hybrids of different
regional stages. A reference table by the International Commission on Stratigraphy
itemizes the current or potential GSSP and GSSA definitions of all international geolo-
gic time units. O] Cenozoic, chronostratigraphy, GSSP, Mesozoic, Paleozoic, Precambrian.
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Standardization of the International
Geologic Time Scale

A major role of the International Commission on
Stratigraphy (ICS) is the establishment and publica-
tion of a standard global stratigraphic time scale. Each
formal unit of the Phanerozoic Era (542 Ma to
Present) and latest Proterozoic (Ediacaran System/
Period) will be defined by a Global Stratotype Section
and Point (GSSP) at its base. The Archean and
Proterozoic eons of the Precambrian interval are
subdivided by absolute age (Global Standard Strati-
graphic Age, or GSSA). Names, ranks and GSSPs of the
global scale proposed by its subcommissions are
approved by the International Commission on Strati-
graphy and ratified by the International Union of
Geological Sciences (IUGS). Each GSSP defines the
initiation of a geochronologic interval (geologic time
units of ‘period’, ‘epoch’, etc.) and its corresponding
chronostratigraphic interval (time-rock units of ‘sys-
tem’, ‘series’, ‘stage’, etc.). Even though a GSSP is a
point within the rock record at a specific locality, its
placement generally coincides with primary correla-
tion criteria based on important faunal, magnetic,
cycle and/or isotopic events that can be globally
correlated. The origin, philosophy and implications
of the GSSP concept are explored in a companion
paper by Walsh ef al. (2004, this issue). The ICS has
the mandate to complete all GSSPs for global divisions
of Earth history by 2008. When all Phanerozoic units
are defined by GSSPs, then geo-history will have a
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universal language of a ‘Standard’ Geologic Time
Scale.

Prominent regional lithologic characteristics in
marginal marine facies were utilized for assigning
many of the historic stratotypes for system, series and
stage units, but their boundaries were often demarked
by hiatuses. These facies shifts were commonly the
local manifestation of a global environmental change,
which was also accompanied by evolution or extinc-
tion of biologic species, sea-level excursions, and
redistributions in the carbon cycle. The GSSP concept
of high-precision correlation requires that the stage
boundaries be assigned within continuous successions,
but very few of the historical stratotypes qualify in this
regard. Therefore, the GSSPs are commonly selected in
deeper marine facies in which evolutionary events of
semi-cosmopolitan pelagic fauna (conodonts, ammo-
noids, graptolites, planktonic foraminifers, certain
types of trilobites, etc.) and/or carbon-isotope excur-
sions serve as primary correlation markers. Stable
isotope excursions and magnetic reversals are pre-
ferred secondary correlation markers, because these
events are globally synchronous and can be utilized in
deep marine to terrestrial sections.

The great majority of ratified or potential GSSPs are
in western Europe (Fig. 1). This distribution mostly
reflects that the stratigraphic studies developed in
western Europe, but is also due to tectonic processes
that kept western Europe in low-latitude shallow-sea
environments for much of the Phanerozoic eon and
have subsequently exposed the richly fossiliferous

DOI 10.1080/00241160410006492 © 2004 Taylor & Francis
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Fig. 1. Geographic distribution of ratified (diamonds) and candidate (squares) GSSPs on a present-day (0 Ma) map (status in Jan., 2004; see
Table 1). Most of the GSSPs are in western Europe, where the clustering has overlapped many additional GSSPs. [This figure is modified from

a compilation by Alan Smith for Geologic Time Scale 2004]

sections that were the basis of the historical compila-
tions of the chronostratigraphic scale. Many of these
GSSP levels are partially consistent with historical
usage of stage terminology (e.g. the base-Cenomanian
GSSP defining the base of the Upper Cretaceous has
not departed significantly from the beginning of the
Cenomanian Stage as assigned by Alcide d’Orbigny in
1847. Other GSSP levels defining stages have necessi-
tated a revision of the historical usage (e.g. the base-
Triassic GSSP is significantly younger than the major
mass extinction and geochemical anomalies that were
formerly grouped as the ‘Permian/Triassic boundary
events’).

Even though the international geologic scale is
defined with global events (when possible), numerous
regional scales of traditional usage are built from local
significant changes in sediment, paleoenvironment or
fossil characteristics. For example, the ‘Cincinnatian’
is an upper Ordovician unit that has been used for
over a century in the central part of USA. One must be
able to easily and confidently convert from these
traditional regional scales to the international stan-
dard as defined by GSSPs, and to correlation among
different regional scales. Indeed, this is the heart of
compiling a global Earth history — how to relate the
well-documented successions of events in each region
to the other regions of the planet. Only in this way can
geoscientists understand the intricate workings of
evolution, of environmental cause-effect, of tectonics

and of geochemical cycling. This is one of the main
goals of the different subcommissions of the Interna-
tional Commission on Stratigraphy.

As of March 2004, approximately two-thirds of the
~90 stage-level Phanerozoic divisions of the interna-
tional geologic scale are defined by GSSPs at their
boundaries, and primary correlation criteria have been
decided for GSSPs of most other stages. An itemized
summary of these GSSP placements and associated
nomenclature for the chronostratigraphic units are
provided in Tables 1 and 2, and are schematically
shown in Figure 2. The current listing, including a
standardized description, map and stratigraphic col-
umn for each GSSP, is maintained at the ICS website
(www.stratigraphy.org). The estimated absolute age
(Ma) for each stage boundary is from A Geologic Time
Scale 2004 (Gradstein, et al. in press) and is summarized
in a companion paper by Gradstein & Ogg (2004, this
issue). In general, the age for each GSSP horizon is
extrapolated after calibrating a primary scale (e.g.
biostratigraphic zonation, marine magnetic anomaly
pattern) to selected radiometric ages. There is direct
radiometric dating of only a few GSSPs (e.g. base-
Triassic, base-Turonian) or their primary correlation
horizons (e.g. base-Cambrian, base-Jurassic, Cretac-
eous/Palaecogene boundary). However, orbital-climate
‘Milankovitch’ cycles enable direct age assignments to
several of the Neogene GSSP levels.

These brief summaries of the GSSP placements for
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Base = 850 Ma
Base = 1000 Ma

Defined chronometrically

850
1000

Cryogenian System

Episodes 14 (2), p.139—

Ratified 1990

Defined chronometrically

Tonian System

140, 1991

Mesoproterozoic Era

Episodes 14 (2), p.139—

Ratified 1990

Base = 1200 Ma

Defined chronometrically

1200

Stenian System

140, 1991
Episodes 14 (2), p.139—

Ratified 1990

Base = 1400 Ma

Defined chronometrically

1400

Ectasian System

140, 1991
Episodes 14 (2), p.139—

Ratified 1990

Base = 1600 Ma

Defined chronometrically

1600

Calymmian System

140, 1991

Paleoproterozoic Era

Episodes 14 (2), p.139—

Ratified 1990

Base = 1800 Ma

Defined chronometrically

1800

Statherian System

140, 1991
Episodes 14 (2), p.139—

Ratified 1990

Base = 2050 Ma

Defined chronometrically

2050

Orosirian System

140, 1991
Episodes 14 (2), p.139—

Ratified 1990

Base = 2300 Ma

Defined chronometrically

2300

Rhyacian System

140, 1991
Episodes 14 (2), p.139—

Ratified 1990

Base = 2500 Ma

Defined chronometrically

2500

Siderian System

140, 1991

ARCHEAN

Informally in Episodes

Subcomm. decision

Base = 2800 Ma

Defined chronometrically

2800

Neoarchean Era

15(2), p.122-123,

1992.
Informally in Episodes

1996, but not

submitted to ICS
Subcomm. decision

Base = 3200 Ma

Defined chronometrically

3200

Mesoarchean Era

15(2), p.122-123,

1992.
Informally in Episodes

1996, but not

submitted to ICS
Subcomm. decision

Base = 3600 Ma

Defined chronometrically

3600

Paleoarchean Era

15(2), p.122-123,

1992.
Informally in Episodes

1996, but not

submitted to ICS
Subcomm. decision

Base is not defined

Eoarchean Era

15(2), p.122-123,

1992.

1996, but not

submitted to ICS
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each period/system are primarily extracted from
detailed discussions in the corresponding chapters of
A Geologic Time Scale 2004.

Archean and Proterozoic Eons of the
‘Precambrian’

Subdivisions and correlation of the Phanerozoic Eon
are traditionally based on the evolution of metazoan
life — the fossil record. In contrast, the Precambrian
generally lacks well-documented precise global corre-
lation horizons, and correlation of regional Precam-
brian stratigraphies generally utilizes comparison of
radiometric ages. Therefore, the current Precambrian
time scale is divided into the chronometric subdivi-
sions, in which time boundaries (GSSAs) have been
selected to demarcate the estimated ages of principal
cycles of sedimentation, mountain building and
volcanism. These GSSA definitions were subsequently
formalized in Plumb (1991).

The ‘Precambrian’ is not a formal stratigraphic term
and simply refers to all rocks that formed prior to the
Cambrian Period. The Precambrian is formally
divided into an older Archean Eon and a younger
Proterozoic Eon. The informal Archean divisions of
Eo-, Paleo-, Meso- and Neo-Archean eras were
approved by the Precambrian subcommission in
1996, but were never formally submitted to and
ratified by ICS/IUGS. No base was defined to the
Archean, but the term ‘Hadean’ (after Hades, hence
forever unknown) has been suggested to span the time
from the moon-forming catastrophic impact to the
end of heavy bombardment. The Archean would begin
with the preserved rock record.

The Proterozoic Eon begins at 2500 Ma. The Paleo-,
Meso- and Neo-Proterozoic eras are poetically divided
into periods named after their typical tectonic,
sedimentary or environmental characteristics (Table
2). The final Neoproterozoic period, which had been
temporarily called ‘Neoproterozoic III’, was formally
named as the Ediacaran period/system in early 2004.
The Ediacaran period begins at the termination of
‘Snowball Earth’ glacial episodes of the Cryogenian
Period, and is defined by a GSSP in the Flinders Range
of Australia.

Potentially, some of the current schematic divisions
of the Precambrian based on absolute ages (GSSAs)
may be suitable for high-resolution GSSP definitions
and global correlation levels. Some possibilities for
‘natural’ Precambrian subdivisions that utilize impor-
tant correlative geologic events are presented by
Bleeker (2004, this issue).
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Paleozoic era

The Cambrian system/period has undergone radical
changes in its definition and subdivisions during the
past decade, but it will require another few years until
an international set of stages are pinned by GSSPs.
Once regarded as beginning with the earliest preserved
shells of animals, the base of the Cambrian is now
defined at a GSSP associated with the first occurrence
of the activity of complex metazoans in the form of
widespread characteristic feeding traces (ichnofossil
Tricophycus pedum). This level is approximately
coincident with a brief but pronounced negative
excursion in carbon isotopes. The Cambrian interval
has numerous regional subdivisions based on facies
patterns and endemic fauna, but most of these are not
conducive for global usage. However, in the Middle
and the Late Cambrian, global biostratigraphic mar-
kers, such as those based on pandemic and pelagic
agnostoid trilobites, are present (Geyer and Shergold
2000), and the future global subdivision of these
epochs of the Cambrian will have GSSPs coinciding
with a subset of these levels. At present, only the base
of the upper Cambrian ‘Furongian’ epoch/series (base
of Paibian stage) is defined by a GSSP.

Existing regional suites of series and stages for the
Ordovician were also found to be unsatisfactory for
global division. The Ordovician subcommission has
identified a set of widespread biostratigraphic datums
using graptolites and conodonts and then used these
events for assigning GSSPs for global subdivision. The
resulting international stages are being named accord-
ing to their approximate correspondence to the extent
of regional stages (e.g. Tremadocian and Hirnantian
stages of British regional succession, Darriwilian of
Australian succession).

The Silurian subdivisions were mainly fixed in 1980
and 1984 by assigning GSSPs to a combination of
graptolite datums and classical lithology-based stages
(and nomenclature) within southwest England and
Wales (Holland & Bassett 1989). However, some of
these levels have either lacked a precise correlation
horizon or proved challenging to achieve a global
correlation (e.g. bases of Wenlock and Ludlow series).
Therefore, the Silurian subcommission is reviewing
some of these GSSP assignments.

Devonian, Carboniferous and Permian subdivisions
have mainly utilized conodonts for global correlation
horizons associated with ratified or potential GSSPs.
The Devonian stages are fully delimited by GSSPs
distributed in Czech Republic, France, Germany,
Uzbekistan and Morocco.

Even through the Carboniferous was one of the first
established geological periods; it is one of the most
complicated and confusing in terms of stratigraphic

Divisions of the International Geologic Time Scale 197

classification and correlation. The well established, but
independent, regional subdivisions in Europe, Russia,
North America, and elsewhere are difficult to corre-
late. For the international standard series and stages,
the Carboniferous subcommission decided to aban-
don the western Europe system of Stephanian—
Westphalian—-Namurian, and adopt a Russian-based
nomenclature for the Carboniferous stages within
each series. The potential GSSP for each stage will be
coincident with widespread conodont or fusulinid
appearance. Currently, only the major division of the
Carboniferous into the Mississippian and Pennsylva-
nian ‘sub-systems/sub-periods’ has been defined by a
GSSP.

The Permian has a tripartite division — the lower
Cisuralian series/epoch will have four GSSPs in Russia
and Kazakhstan, the middle Guadalupian series/epoch
has placed three stage GSSPs in Texas, and the upper
Lopingian series has assigned two stage GSSPs in
China. All GSSPs are coincident with conodont
appearances.

Mesozoic era

Most of the traditional stages of the Triassic (Anisian,
Ladinian, Carnian, Norian, Rhaetian) were named
from ammonoid-rich successions of the Northern
Calcareous Alps of Austria. However, the stratigraphy
of these Austrian tectonic slices proved unsuitable for
establishing formal boundary stratotypes, or even
deducing the sequential order of the stages (Tozer
1984). The general lack of unambiguous historical
precedents for placement of Triassic stage boundaries,
coupled with difficulties in achieving consensus on
global correlation horizons, have retarded establish-
ment of formal GSSPs. The base of the Triassic (and
Mesozoic) at the GSSP in China coincides with the
recovery from the end-Permian mass extinctions as
indicated by the near-global occurrence of a conodont
and the termination of a major negative carbon-
isotope excursion. These basal-Triassic events occur
significantly after the peak of Late Permian extinc-
tions. The Triassic stages will retain the Alpine
nomenclature, but await decisions on the primary
correlation horizons using a combination of conodont
and ammonoid criteria.

Ammonites have provided a high-resolution corre-
lation and subdivision of Jurassic strata throughout
the globe (e.g. Arkell 1956). The bases of nearly all
Jurassic stages and substages are traditionally assigned
to the base of ammonite zones in marginal-marine
sections in western Europe (e.g. Oppel 1856-1858),
and the current or potential GSSPs have retained this
close tie to European ammonite markers. The identi-
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fication of GSSPs within the upper Jurassic has been
hindered by a pronounced latitudinal segregation into
Tethyan, Boreal and other faunal realms, which have
frustrated global correlation for over a century.

This faunal provincialism, especially for ammonites,
continued through the Early Cretaceous, thereby
complicating decisions on GSSPs for the base-Cretac-
eous (Berriasian) and the other five Lower Cretaceous
stages. As a result, a calpionellid (microfossil) marker
is suggested for base-Valanginian, and magnetic
reversal horizons have been suggested as primary
correlation criteria for GSSPs for base-Cretaceous
(Chron M19n) and base-Aptian (Chron MOr). GSSPs
for the Late Cretaceous have included a diverse set of
palaeontological groups, including planktonic fora-
minifers, pelagic crinoids, inoceramid bivalves,
ammonites and belemnites.

Cenozoic era

The division of the Cenozoic into the Paleogene and
Neogene periods/systems abandons the formal use of
‘Tertiary’ and ‘Quaternary’, which were residual
concepts from when all Earth history consisted of
only four major divisions. However, the ‘Quaternary’
is retained as a valuable climate-stratigraphic term for
the past 2.6 myr that was dominated by major glacial
oscillations, and therefore encompasses the Holocene,
Pleistocene and latest Pliocene epochs.

The epoch/series divisions of the Paleogene period/
system are defined by GSSPs associated with an
iridium anomaly caused by the end-Cretaceous impact
(base-Paleocene), a brief negative carbon-isotope
excursion (base-Eocene), and the extinction of a
planktonic foraminifer (base-Oligocene). Stages
within each of these epochs/series have not yet been
formally defined by GSSPs, nor have primary correla-
tion criteria been selected. However, these GSSPs will
potentially utilize calcareous nannofossil and/or
planktonic foraminifer datums and magnetic rever-
sals.

Each GSSP within the Neogene period/system has
been calibrated to multiple correlation horizons
(microfossil, magnetic, stable isotope or astronomical
cycle). In addition, the GSSPs have been chosen to
allow direct calibration to the astronomical ‘Milanko-
vitch’ cyclicity, hence directly to absolute age. The base
of the Pleistocene epoch/series through the base of the
upper Miocene have these calibrated GSSPs. The
Pleistocene has a high-resolution oxygen-isotope
‘stage’ nomenclature; therefore, to avoid confusion, a
new set of chronostratigraphic ‘stages’ defined by
GSSPs will be avoided. Instead, the Pleistocene will be
subdivided into ‘sub-series/sub-epoch’ units, with the
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base of the Middle Pleistocene tentatively assigned as
the base of a magnetic reversal, and the base of the
Upper Pleistocene to coincide with the inter-glacial
climate interval at about 126 ka. The base of the
Holocene epoch/series will probably be chronometri-
cally defined by a GSSA (not GSSP) at the termination
of the Younger Dryas cold interval at 10,000 ‘C-14
years’ or 11,500 calendar years before ‘Present’, where
‘Present’ is fixed as 1950 AD.

Conclusion

It was not until the establishment of the International
Commission on Stratigraphy (ICS) by the Interna-
tional Union of Geological Sciences (IUGS) that the
goal of establishing an international chronostrati-
graphic scale had a means of fulfilment. The GSSP
concept of defining the base of each successive unit at a
level that coincided with potential markers for global
correlation has required the concerted efforts of
paleontologists, geochemists, paleomagnetists, cycle
stratigraphers and other specialists, combined with
international consensus. The goal of the resulting
stratigraphic divisions of the International Geologic
Time Scale is a global language for Earth history. The
international standard developed by ICS is formally
published in conjunction with the International
Geological Congress every four years; but current
updated tables and charts (PDF format) are freely
available from the ICS website, www.stratigraphy.org.
The complete suite of GSSP-defined units will be in
place by 2008.
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