
Early Life on Earth



Aims and Scope Topics in Geobiology
Book Series

Topics in Geobiology series treats geobiology – the broad discipline that covers 
the history of life on Earth. The series aims for high quality, scholarly volumes of 
original research as well as broad reviews. Recent volumes have showcased a variety 
of organisms including cephalopods, corals, and rodents. They discuss the biology 
of these organisms-their ecology, phylogeny, and mode of life – and in addition, 
their fossil record – their distribution in time and space.
Other volumes are more theme based such as predator-prey relationships, skeletal 
mineralization, paleobiogeography, and approaches to high resolution stratigraphy, 
that cover a broad range of organisms. One theme that is at the heart of the series is 
the interplay between the history of life and the changing environment. This is 
treated in skeletal mineralization and how such skeletons record environmental 
signals and animal-sediment relationships in the marine environment.
The series editors also welcome any comments or suggestions for future volumes.

Series Editors
Neil H. Landman, landman@amnh.org
Peter Harries, harries@shell.cas.usf.edu

For other titles published in this series, go to
http://www.springer.com/series/6623



Early Life on Earth

A Practical Guide

David Wacey
Centre for Microscopy, Characterisation & Analysis and 
School of Earth & Environment
University of Western Australia
35 Stirling Highway
Crawley, WA 6009
Australia



ISBN: 978-1-4020-9388-3 e-ISBN: 978-1-4020-9389-0

Library of Congress Control Number: 2008938718

© 2009 Springer Science + Business Media B.V.
No part of this work may be reproduced, stored in a retrieval system, or transmitted  in any form or by 
any means, electronic, mechanical, photocopying, microfilming, recording or otherwise, without written 
permission from the Publisher, with the exception of any material supplied specifically for the purpose 
of being entered and executed on a computer system, for exclusive use by the purchaser of the work.

Cover illustration:
Main Image Caption
Illustration of the DNA double helix containing key words associated with the search for early life on 
Earth. (There are instances where we have been unable to trace or contact the copyright holder. If notifi ed 
the publisher will be pleased to rectify any errors or omissions at the earliest opportunity)

Small Figure 1 – Biological stromatolites or physical sedimentary artefacts? Intriguing structures within 
the ~3,400 Ma Strelley Pool chert of Western Australia.

Small Figure 2 – Microfossil or abiogenic artefact? One of the intensely debated microstructures from 
the ~3,460 Ma Apex chert of Western Australia.

Small Figure 3 – Strelley Pool in the Pilbara of Western Australia where putative evidence of life has 
been found in ~3,400 Ma sandstone and chert units.

Printed on acid-free paper

springer.com

Dr. David Wacey
Centre for Microscopy, Characterisation & Analysis and
School of Earth & Environment
University of Western Australia
35 Stirling Highway
Crawley, WA 6009
Australia



Acknowledgement

This book could not have been completed without the kind donation of photographs 
by Roger Buick, Gary Byerly, Lawrie Duck, Katja Etzel, Grant Ferris, Shoichi 
Kiyokawa, Stephen Moorbath, Nora Noffke, Ian Ogilvie, Bill Schopf, Andrew 
(Steelie) Steele, Ken Sugitani, Yuichiro Ueno, Martin Van Kranendonk, Maud 
Walsh, and the permission of numerous publishing houses. Thanks also go to the 
Geological Survey of Western Australia, Archean Biosphere Drilling Project, Shire 
of Roebourne Visitor Centre, Marble Bar Mining Office and the National Oceanic 
and Atmospheric Administration for provision of photographs and help with field-
work. Special thanks go to Martin Brasier, Owen Green, Matt Kilburn, Nicola 
McLoughlin and Cris Stoakes, not only for numerous photographs but also for their 
company during fieldwork and stories around the campfire. Martin also kindly 
agreed to write the introduction to this book. Much of the laboratory work would 
not have been possible without the help of the staff of the Centre for Microscopy, 
Characterisation and Analysis at the University of Western Australia, the staff of 
the Geophysical Laboratory, Carnegie Institute, Washington, DC, and the staff of 
the Department of Earth Sciences at Oxford University. Finally, I would like to 
thank my family and friends for their continued support of my career.

 v



Setting the Scene: Milestones in the Search for Early Life on Earth .......... 1

1 The Eozoon Debate and the ‘Foraminosphere’ ..................................... 2
2 The Cyanosphere, Phase 1 ..................................................................... 5
3 The Cyanosphere, Phase 2 ..................................................................... 12
4 Implications ........................................................................................... 15
Recommended Reading ............................................................................... 17

Part I Investigating Life in Early Archean Rocks

1 What Can We Expect to Find in the Earliest Rock Record? ................. 23

1.1 Introduction ........................................................................................ 23
1.2 Body Fossils ....................................................................................... 24
1.3 Trace Fossils ....................................................................................... 27
1.4 Chemical Fossils ................................................................................. 29
Recommended Reading ............................................................................... 31

2 The Diffi culties of Decoding Early Life .................................................... 35

2.1 Introduction ........................................................................................ 35
2.2 Non-Biological Artefacts .................................................................... 35
2.3 Post-Depositional Contamination ....................................................... 37
2.4 The Pros and Cons of the ‘Principle of Uniformity’ .......................... 38
2.5 A Benchmark for Microfossils and Stromatolites .............................. 40
Recommended Reading ............................................................................... 44

3 Establishing the Criteria for Early Life on Earth ................................... 47

3.1 Introduction ........................................................................................ 47
3.2 Antiquity Criteria ................................................................................ 47

3.2.1 General Antiquity Criteria ...................................................... 48
3.2.2 Additional Antiquity Criteria Specific to Microfossils........... 48
3.2.3 Additional Antiquity Criteria Specific to Trace Fossils.......... 48

Contents

 vii



viii Contents

3.3 Biogenicity Criteria ............................................................................ 49
3.3.1 General Biogenicity Criteria ................................................... 49
3.3.2 Additional Biogenicity Criteria Specific to Microfossils ....... 49
3.3.3 Additional Biogenicity Criteria Specific to Trace Fossils ...... 50

3.4 The Problem of Stromatolites ............................................................. 50
Recommended Reading ............................................................................... 52

4 Fulfi lling the Criteria for Early Life on Earth ......................................... 55

4.1 Introduction ........................................................................................ 55
4.2 Where to Look? – Archean Cratons ................................................... 55

4.2.1 Geology of the Pilbara Craton ................................................ 56
4.2.2 Geology of the Barberton Greenstone Belt, 

Kaapvaal Craton ...................................................................... 62
4.2.3 Geology of South-West Greenland ......................................... 67

4.3 Typical Rocks Found in the Early Archean That Could Host Life..... 73
4.3.1 Chert ....................................................................................... 73
4.3.2 Pillow Basalt ........................................................................... 77
4.3.3 Sandstone ................................................................................ 80
4.3.4 Hydrothermal Deposits ........................................................... 81

Recommended Reading for Archean Rock Types ....................................... 82
Recommended Reading for Pilbara Geology .............................................. 84
Recommended Reading for Barberton Geology ......................................... 85
Recommended Reading for South-West Greenland Geology ..................... 85

5 Techniques for Investigating Early Life on Earth ................................... 87

 5.1 Introduction ...................................................................................... 87
 5.2 Geological Mapping ......................................................................... 87
 5.3 Radiometric Dating .......................................................................... 88
 5.4 Optical Microscopy .......................................................................... 90
 5.5 Scanning Electron Microscopy (SEM) ............................................. 92
 5.6 Transmission Electron Microscopy (TEM) ...................................... 96
 5.7 Secondary Ion Mass Spectrometry (SIMS and NanoSIMS) ............ 97
 5.8 Laser-Raman Micro-Spectroscopy ................................................... 99
 5.9 Near Edge X-Ray Absorption Fine Structure 

Spectroscopy (NEXAFS) and Electron Energy 
Loss Spectrometry (EELS) ............................................................... 104

5.10 Synchrotron X-Ray Tomography ..................................................... 106
5.11 Atomic Force Microscopy (AFM) .................................................... 106
5.12 Molecular Fossils .............................................................................. 107
5.13 Carbon Isotopes ................................................................................ 108
5.14 Sulphur Isotopes ............................................................................... 112
5.15 Other Isotopic Systems ..................................................................... 114
Recommended Reading ............................................................................... 119



Contents ix

Part II An Atlas of Claims for Early Archean Life

 6 > 3,700 Ma Isua Supracrustal Belt and Akilia Island, 
S.W. Greenland......................................................................................... 127

Recommended Reading ............................................................................. 132

 7 ~3,490 Ma Dresser Formation, East Pilbara, Western Australia ......... 135

7.1 Summary of Claims for Early Life from this Formation .................. 136
Recommended Reading ............................................................................. 149

 8 ~3,470 Ma Mount Ada Basalt, East Pilbara, Western Australia .......... 151

Recommended Reading ............................................................................. 154

 9 ~3,460 Ma Apex Basalt, East Pilbara, Western Australia ..................... 155

Recommended Reading ............................................................................. 158

10 ~3,450 Ma, Hoogenoeg Formation, Barberton, South Africa............... 161

Recommended Reading ............................................................................. 174

11 ∼3,450 Ma, Panorama Formation, East Pilbara, 
Western Australia ..................................................................................... 175

Recommended Reading ............................................................................. 179

12 ∼3,426–3,350 Ma, Strelley Pool Formation, East Pilbara, 
Western Australia ..................................................................................... 181

12.1 Summary of Claims of Early Life from this Formation ................. 182
Recommended Reading ............................................................................. 197

13 ∼3,416–3,334 Ma, Kromberg Formation, 
Barberton, South Africa .......................................................................... 199

Recommended Reading ............................................................................. 208

14 ∼3,350 Ma, Euro Basalt, East Pilbara, Western Australia .................... 209

Recommended Reading ............................................................................. 213

15 ∼3,250 Ma, Fig Tree Group, Barberton, South Africa .......................... 215

Recommended Reading ............................................................................. 219



x Contents

16 ∼3,240 Ma, Kangaroo Caves Formation, East Pilbara, 
Western Australia ..................................................................................... 221

16.1 Summary of Claims for Early Life from this Formation ................ 222
Recommended Reading ............................................................................. 227

17 ∼3,200 Ma, Moodies Group, Barberton, South Africa .......................... 229

17.1 Microbially Influenced Sedimentary Structures (MISS) ................ 230
Recommended Reading ............................................................................. 233

18 ∼3,200 Ma, Dixon Island Formation, Cleaverville 
Greenstone Belt, West Pilbara, Western Australia ............................... 235

Recommended Reading ............................................................................. 240

19 ∼3,000 Ma, Cleaverville Formation, Cleaverville 
Greenstone Belt, West Pilbara, Western Australia ............................... 241

Recommended Reading ............................................................................. 243

20 ∼3,000 Ma, Farrel Quartzite, East Pilbara, Western Australia ............ 245

Recommended Reading ............................................................................. 250

21 THE IMPOSTERS: Younger Biological Contaminants 
and Non-Biological Artefacts .................................................................. 251

Recommended Reading ............................................................................. 265

Index .................................................................................................................. 267




