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Dedication

We dedicate this third edition of the Geologic Time Scale
book to W. B. (Brian) Harland†. He was an inspiring leader
in practical stratigraphy, its philosophical roots, and its prime
product: The Geologic Time Scale!

†
Deceased.
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With the acceptance of a reliable time scale, geology will have
gained an invaluable key to further discovery. In every branch
of science its mission will be to unify and correlate, and with
its help a fresh light will be thrown on the more fascinating
problems of the Earth and its Past.

Arthur Holmes, 1913, The Age of the Earth
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Sweden

nicholas j. shackleton

Godwin Laboratory
Department of Earth Sciences
University of Cambridge
Cambridge CB2 3SA
UK

graham a. shields

School of Earth Sciences
James Cook University
Townsville, Old. 4811
Australia

harald strauss
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Preface

This study presents the science community with a new geologic
time scale for circa 3850 million years of Earth history. The
scale encompasses many recent advances in stratigraphy, the
science of the layering of strata on Earth. The new scale closely
links radiometric and astronomical age dating, and provides
comprehensive error analysis on the age of boundaries for a
majority of the geologic divisions of time. Much advantage
in time scale construction is gained by the concept of stage
boundary definition, developed and actively pursued under
the auspices of the International Commission on Stratigraphy
(ICS), that co-sponsors this study.

It was in 1997 that Alan Smith approached two of us
(F.M.G. and J.G.O.) with the request to undertake a new edition
of A Geologic Time Scale 1989 (GTS89) for Cambridge Univer-
sity Press. This was just after the “Phanerozoic Time Scale”
with the A3 format time scale colour chart as insert, spon-
sored by Saga Petroleum in Norway, had appeared in Episodes.
Although we realized this new request was a tall order, we opti-
mistically accepted. A proposal was formulated and improved
through peer review. As with GTS89, the new edition of the
book would not necessarily give the very latest developments
in any field, but would present a balanced overview designed
to be educational and useful for advanced university students.
In particular progress with the concept and defining of stage
boundaries had delineated most international geologic stages.

Initially, a rather limited slate of specialists was engaged,
and we optimistically projected completion of a revised GTS89
at the turn of the Millennium. Slightly after, F.M.G. and J.G.O.
became executive officers of ICS for the 2000–2004 term, and
the GTS project was incorporated in ICS’s formal objectives.

Creating a new GTS in 2000, 2001, or even 2002, turned out
to be rather optimistic. The more we involved ourselves in the
myriad of challenges in stratigraphy and the Phanerozoic geo-
logic time scale the more we realized that a major overhaul was
in order. Rather than updating and revising chapters of GTS89
we set out to re-write the book from scratch and expand geo-
logic period chapters along a “fixed,” and ambitious format of
text and figures. Advances in time scale methodology involving
cycle stratigraphy, mathematics and statistics, stable isotope

stratigraphy, and the formidable progress in high-resolution
age dating all demanded close attention with data integration
and specialists chapters.

The vast progress in Precambrian and Phanerozoic stratig-
raphy achieved during the last decade required intense involve-
ment of many more geoscientists than initially envisioned. Al-
though the more ambitious scope and bigger team did push
back completion deadlines, we are confident it has enhanced
the consensus value of the new geologic time scale, named
GTS2004. Had we known beforehand that a total of 18 senior
and 22 contributing authors, for a total of 40 geoscience spe-
cialists from 15 different countries, would work on the book
and deal with the new time scale, we might have had second
thoughts about our undertaking. The number of e-mails sent
“criss-cross” over the globe as part of GTS2004 is in the tens
of thousands. A fundamental difference between multidisci-
plinary studies and geologic time scale studies is that all chap-
ters must align along the arrow of time. To put it simply: the
Carboniferous cannot end at 291 Ma with the Permian start-
ing at 299 Ma. Close agreement on type of data and standards
admitted in actual time scale building is also vital. Hence, the
actual data standardization and time scale calculation for each
chapter was kept to a small team in which Mike Villeneuve,
Frits Agterberg, F.M.G., and J.G.O. played key roles, with other
senior authors as advisors. The new Neogene time scale was
developed by Luc Lourens and his team of tuning specialists.

The fascination in creating a new geologic time scale is
that it evokes images of creating a beautiful carpet, using many
skilled hands. All stitches must conform to a pre-determined
pattern, in this case the pattern of physical, chemical, and bio-
logical events on Earth aligned along the arrow of time. It is
thus that this new scale is a tribute to the truly close cooperation
achieved by this slate of outstanding co-authors. We also con-
sider the new time scale a tribute to the scientific competence
harbored and fostered by ICS.

We are deeply grateful to all co-authors who without reser-
vation accepted the challenge to be part of this dedicated team,
slowly (!) stitching and weaving this carpet of time and its
events that are Earth’s unique and splendid history.

xv
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xvi Preface

It is with deep regret that we learned in mid 2002 that one of
our most valuable scholars in Paleozoic stratigraphy, Professor
Michael House, had passed away, very shortly after submission
of his draft chapter on Devonian stratigraphy. It has been an
honor to complete the task he set himself to create this erudite
chapter of expansive and dramatic Earth history between 416
and 359 Ma. Vascular plants and forests established on Earth,
exceptional high global sea level occurred, ice caps formed
in the south polar region in late Devonian time, and present
continents and shelves assembled on one hemisphere. Old Red
Sandstone is one of the Devonian’s great continental remnants.

Through the NUNA Conference in Canada in March 2003
on “New Frontiers in the Fourth Dimension: Generation, Cal-
ibration and Application of Geologic Timescales” the essay
“Toward a natural Precambrian time scale” by Wouter Bleeker
came to this book. Hence, this period of over 88% of Earth
history is getting some more urgent attention. We thank Mike
Villeneuve and his team for organizing this timely geochronol-
ogy conference.

We are pleased to acknowledge the financial contribution
of ExxonMobil, Statoil, ChevronTexaco, and BP. With these
vital donations the elaborate graphics became possible. J. G.
O. acknowledges partial support by the US National Science
Foundation under Grant No. 0313524. The Geological Survey

of Canada and the Network of Offshore Records in Geology
and Stratigraphy (NORGES) project at the Geology Museum
of the University of Oslo assisted with design and printing of
the time scale wall chart.

Cambridge University Press patiently awaited the fruits
of our labor, and we are much obliged to Matt Lloyd, Sally
Thomas, and Lesley Thomas for their thorough editorial advice
and assistance.

Figure 1.4 in the Introduction chapter illustrates the 1960
geologic time scale by its pioneer, Arthur Holmes, who intro-
duced period scaling from observed maximum thickness. The
appearance datum of this new opus in mid 2004 is nearly 90
years after Arthur Holmes’s first humble geologic time scale
in 1913 in search of the age of the Earth and its remarkable
historic components.

This publication on the International Geologic Time Scale
was produced under the auspices of the International Commis-
sion on Stratigraphy (ICS). Information on ICS, its organiza-
tion, its mandate, and its wide-ranging geoscience program can
be obtained from www.stratigraphy.org.

Felix M. Gradstein
James G. Ogg
Alan G. Smith
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Abbreviations and acronyms

ORGANIZATIONS

CGMW Commission for the Geological Map
of the World

DNAG Decade of North American Geology
DSDP Deep Sea Drilling Project
GSC Geological Survey of Canada
ICS International Commission of Stratigraphy
IGC International Geological Congress
IGCP International Geological Correlation Project
INQUA International Quaternary Association
IUGS International Union of Geological Sciences
ODP Ocean Drilling Project
SNS Subcommision (of ICS) on Neogene

Stratigraphy
SQS Subcommission (of ICS) on Quaternary

Stratigraphy
SOS Subcommission (of ICS) on Ordovician

Stratigraphy
UNESCO United Nations Education, Scientific,

and Cultural Organization
USGS United States Geological Survey

TIME SCALE PUBLICATIONS (see References
for details)

NDS82 Numerical Dating in Stratigraphy (Odin
et al., 1982)

GTS82 A Geologic Time Scale (Harland et al.,
1982)

DNAG83 Geologic Time Scale, Decade of North
American Geology (Palmer, 1983)

KG85 Kent and Gradstein (1985)
EX88 Exxon 1988 (Haq et al., 1988)
GTS89 A Geologic Time Scale 1989 (Harland

et al., 1990)
OB93 Obradovich (1993)

JGR94 Journal of Geophysical Research 1994
(Gradstein et al., 1994)

SEPM95 Society for Sedimentary Geology 1995
(Gradstein et al., 1995)

GO96 Gradstein and Ogg (1996)

GEOSCIENTIFIC CONCEPTS

FAD First appearance datum
FCT Fish Canyon Tuff sanidine monitor standard

(in Ar–Ar dating)
GPTS Geomagnetic polarity time scale
GSSP Global Stratotype Section and Point
GSSA Global Standard Stratigraphic Age

(in Precambrian)
HR–SIMS High-resolution secondary ion mass

spectrometry (in U–Pb dating)
LAD Last appearance datum
LA2003 Laskar 2003 numerical solution of orbital

periodicities
MMhb-1 McClure Mountain hornblende monitor

standard (in Ar–Ar dating)
SL13 Sri Lanka 13 monitor zircon standard

(in HR–SIMS dating)
TIMS Thermal ionization mass spectrometry

(in U–Pb dating)
TCR Taylor Creek Rhyolite Sanidine monitor

standard (in Ar–Ar dating)

SYMBOLS

ka 103 years ago (kilo annum)
kyr 103 years duration
Ga 109 years ago (giga annum)
Ma 106 years ago (mega annum)
myr 106 years duration
SI Système Internationale d’Unités
yr year duration
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