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The rich geological record of the Cretaceous Period reveals a world that experienced extreme 
climatic warmth and significantly higher global sea-levels than today. Elevated levels of 
atmospheric carbon dioxide have been implicated in these conditions. It thus provides a 
natural case study of the Earth in 'greenhouse' climatic mode, which this interdisciplinary 
textbook analyses from the perspective of Earth System Science. With mounting concerns 
over global warming today, an understanding of how the Earth system operates when in 
greenhouse mode is very relevant to studies of future climatic change. 

Part 1 (Chapters 1-5) surveys what the Cretaceous world was like, covering the evidence for 
the major changes in palaeogeography, sea-levels, life and climates that took place during the 
period, and especially the remarkable responses to climatic conditions of high-latitude 
vegetation and the shallow marine biota at low latitudes. Part 2 (Chapters 6-9) explores the 
interactions between the physical, chemical and biological processes, both within the Earth 
and at its surface, that together controlled conditions on the Cretaceous Earth, and highlights 
how they differed from those of our present world. Comparison is made between the global 
carbon cycles of then and now, with particular attention to the geological sources (especially 
volcanism) and sinks (organic carbon on land and carbonate plus organic carbon in the sea). 
Other biogeochemical cycles are also discussed. The results from computer modelling of 
climates are also critically reviewed. Part 3 (Chapters 10-13) investigates the infamous mass 
extinction that terminated the period, and its causation. Finally, a short Epilogue considers 
broader issues arising from this case study of the Cretaceous world. 

Designed for use on undergraduate and graduate courses, this textbook includes many features 
that will aid tutors and students alike, including full-colour figures, boxed summaries of 
supplementary and background information, chapter summaries, and bulleted questions and 
answers. The book is supported by a website hosting sample pages, selected illustrations to 
download, and worked exercises: http://publishing.cambridge.org/resources/0521831121 

All the authors are based at The Open University, UK. They have shared interests in Earth 
System Science and the Cretaceous, with complementary areas of specialist expertise, in each 
case internationally recognized from numerous publications. Peter Skelton 's research 
concerns the marine sedimentary and fossil record, especially that of the giant carbonate 
platforms which characterized low latitudes during the Cretaceous. Robert Spicer uses 
palaeobotanical evidence to test computer-based climate models, with a particular interest in 
the Cretaceous flora of high latitudes, where the strongest climate signals can be detected. 
Simon Kelley applies high-precision radiometric dating methods to a variety of geological 
issues, such as the ages of meteorite impacts and large igneous provinces, which were major 
features of the Cretaceous world, and the provenance of sediments (in time as well as space). 
Iain Gilmour uses stable isotope geochemistry to trace the origins of organic compounds, and 
has specifically deployed this approach to investigate impact-related effects at the Cretaceous/ 
Tertiary ( 'K/T) boundary. The nature of the Cretaceous world is thus a common theme for the 
major research groups at The Open University to which the authors variously belong — 
'Environmental Change in Earth History', 'Isotope Geochemistry and Earth Systems' and 
'Volcano Dynamics' — ensuring both the broadly interdisciplinary character of this book and 
its incorporation of some of the most recent research results. The authors presented an earlier 
version of this text to Open University students in 2002. Three of them have also collaborated 
previously in producing acclaimed Open University teaching texts, including those on 
Evolution (Skelton and Gilmour) and Earth System Science (Skelton, Spicer and Gilmour), 
while Kelley has contributed to several books on radiometric dating and noble gases. 

http://publishing.cambridge.org/resources/0521831121


C o v e r p h o t o g r a p h Limestone that formed on a shallow marine platform in Early Albian times 
(c. 110 Ma ago), exposed in fields outside the town of Teloloapan, Guerrero State, S W Mexico, 
and showing classic karstic (limestone pavement') weathering, yielding thin, well-drained soi ls. 
Such carbonate platform deposits were a common product of the climatically warm Cretaceous 
world, in low latitudes, giving rise today to characteristic landscapes from Mexico to the Far East. 
(Peter Skelton, Open University.) 



The cretaceous world  
Edited by Peter w. skelton 

A u t h o r s : 

Peter w. s k e l t o n 

Rober t A. sp i ce r 

S i m o n P. Kel ley 

la in G i l m o u r 

9The Open 
University 

ffl CAMBRIDGE 
\W U N I V E R S I T Y P R E S S 



PUBLISHED BY THE PRESS SYNDICATE OF THE UNIVERSITY OF CAMBRIDGE 

The Pitt Building, Trumpington Street, Cambridge, United Kingdom 

CAMBRIDGE UNIVERSITY PRESS 
The Edinburgh Building, Cambridge CB2 2RU, UK 
40 West 20th Street, New York, NY 10011-4211, USA 
477 Williamstown Road, Port Melbourne, VIC 3207, Australia 
Ruiz de Alarc6n 13, 28014 Madrid, Spain 
Dock House, The Waterfront, Cape Town 8001, South Africa 

http://www.cambridge.org 

Copyright © 2003 The Open University 
This book is in copyright. Subject to statutory exception and to the provisions of relevant 
collective licensing agreements, no reproduction of any part may take place without the written 
permission of The Open University. 
This co-published edition published 2003, first published 2002. 
Printed in the United Kingdom by Bath Press, Blantyre Industrial Estate, Glasgow G72 0ND, UK. 
Typefaces: text in Times ll/13pt; headings in Futura. 
System: Adobe Pagemaker. 
A catalogue record for this book is available from the British Library. 

ISBN 0 521 53843 2 paperback ISBN 0 521 83112 1 hardback 

This publication forms part of an Open University course, S369 The Geological Record of 
Environmental Change. Details of this and other Open University courses can be obtained from 
the Call Centre, PO Box 724, The Open University, Milton Keynes MK7 6ZS, United Kingdom. 
Tel. +44 (0)1908 653231, e-mail ces-gen@open.ac.uk Alternatively, you may visit the Open 
University website at http://www.open.ac.uk where you can learn more about the wide range of 
courses and packs offered at all levels by The Open University. 

2.1 

http://www.cambridge.org
mailto:ces-gen@open.ac.uk
http://www.open.ac.uk


Contents 
Preface 8 

PART 1 Survey of the Cretaceous 
world 9 
1 Introduction to the Cretaceous 9 

1.1 A short reconnaissance trip 10 
1.1.1 Tour stop 1: the Chalk sea 10 

1.1.2 Tour stop 2: the polar forests 1 2 

1.1.3 Tour stop 3: the tropical carbonate factory 15 

1.1.4 Tour stop 4: the susceptible sea 1 8 

1.1.5 Tour stop 5: the submarine volcanic plateau — 
Al l ison 's story 20 

1.1.6 Tour stop 6: Apocalypse Then 24 

1.1.7 Matters ar is ing 25 

1.2 Interesting times — putting the Cretaceous 
into context 26 

1.2.1 Palaeogeography 26 

1.2.2 Global sea-level 28 
1.2.3 Climate 29 

1.2.4 Life 30 

1.3 The Cretaceous time-scale 32 
1.3.1 Relative time 32 

1.3.2 Absolute time 39 

1.4 Summary 40 

1.5 References 41 

2 The mobile palaeogeographical 
framework 43 

2.1 The role of plate tectonics in the Earth system 44 
2.1.1 Mountains 44 

2.1.2 Ocean circulation 46 

2.1.3 Magmatism 46 

2.2 Major palaeogeographical changes of the 
Cretaceous 48 

2.2.1 Growth of the Atlantic Ocean 52 

2.2.2 Development of the Southern Ocean system 57 

2.2.3 Tethyan history 58 

2.2.4 Pacific Ocean events 59 

2.3 Implications for the Cretaceous Earth system 60 

2.4 Summary 63 

2.5 References 65 

3 Fluctuating sea-level 67 

3.1 Getting to grips with past changes in sea-level 67 

3.2 Results for the Cretaceous 77 

3.3 Summary 81 

3.4 References 83 

4 Changing climate and biota 85 

4.1 The polar forests 86 
4.1.1 Arctic Alaska today 86 

4.2 The polar light regime 90 

4.3 The Cretaceous Arctic: a case study from 
northern Alaska 93 

4.3.1 The development of the Arctic Slope 93 

4.3.2 Arctic Slope Cretaceous stratigraphical framework 94 

4.3.3 Palaeogeographical setting 97 

4.3.4 The Cretaceous flora of the Arctic Slope 97 

4.3.5 An insight into Cretaceous Arctic vegetation dynamics 11 2 

4.3.6 The flowering of the Arctic 114 

4.3.7 Building a polar forest 122 

4.3.8 Arctic woods 126 

4.4 Russia 131 
4.4.1 The Grebenka flora 132 

4.4.2 The Chauna flora 139 

4.4.3 The Vilui flora and the continental interior environment 144 

4.5 Nature's ancient meteorologists 148 
4.5.1 Appearance is everything 148 

4.5.2 CLAMP 150 

4.6 Polar ecosystems and climate near the end 

of the Cretaceous 156 

4.7 The fauna of the polar forests 158 

4.8 Summary 161 

4.9 References 162 

5 Changing climate and biota — 
the marine record 163 

5.1 Carbonate platforms 163 

5.2 Platform crises and oceanic anoxic events 168 

5.3 The sedimentary record in mid- to high latitudes 172 

5.4 The pattern of climatic change 174 

5.5 Marine biodiversity 179 

5.6 Summary 181 

5.7 References 184 


