OPEN ACCESS: MCJA Book Reviews Volume 40, 2015

Second Edition

An Archaeological Perspective

R. E. Taylor and Ofer Bar-Yosef

Copyright © 2015 Midwest Archacological Conference, Inc. All rights reserved.



Contents

LisT OF ILLUSTRATIONS AND TABLES 9-11
FOREWORD 12
PREFACE 15
CHAPTER 1. BASIC ELEMENTS 19
1.1. Fundamentals 19
1.1.1. Dating Model 21

1.1.2. Lower Dating Limit 23

1.1.3. Upper Dating Limit 24

1.2. Assumption 25
1.3. Conventions and Definitions 26
1.3.1. Conventional Radiocarbon Age 26

1.3.2. Reservoir-Corrected Radiocarbon Age 27

1.3.3. Calibrated Radiocarbon Age 28

1.3.4. Terminology 28

1.4. Radiocarbon Cycle 29
1.4.1. Production 29

1.4.2. Distribution 30

1.4.3. Decay 33

1.5. Prominent Applications: Scientific and Historic 34
1.5.1. Two Creeks Fossil Forest: Pleistocene/Holocene Boundary 34

1.5.2. Kennewick Human: Early Holocene Paleoamerican Skeleton 36

1.5.3. Otztal Human: European Bronze Age Mummy. 37

1.5.4. Dead Sea Scrolls: Earliest Biblical Manuscripts 38

1.5.5. Shroud of Turin: Early Christian or Medieval Artifact? 42
CHAPTER 2. MAJOR ANOMALIES 43
2.1. Assumption Anomali 43
2.2. Systemic Elements: Secular Variation Effects. 44
2.2.1. Testing Equilibrium Assumptions: Historical Knowns 46

2.2.2. Testing Equilibrium Assumptions: Dendrochronological Knowns 50

2.2.3. Secular Variation: Major Trend 55

2.2.4. Secular Variation: De Vries Effects. 58

2.3. Systemic Elements: Reservoir Effects 60
2.4. Contamination and Fractionation Effects 61
2.5. Recent and Anthropogenic Anomalies 62
2.5.1. Post-16th-Century de Vries Warps 62

2.5.2. Fossil Fuel (Suess) Effect 62
2.5.3. Atomic Bomb (Libby) Effect 63
CHAPTER 3. SAMPLES AND SAMPLE PRETREATMENT 65
3.1. Major Issues 65
3.2. Standard Samples 65
3.2.1. Wood and Charcoal 67

3.2.2. Non-Wood Plant Materials/Textiles/Paper 70

3.2.3. Marine Shell 71

3.2.4. Terrestrial Shell/Eggshell 74

3.2.5. Bone 75

3.2.6. Hair and Related Materials 82




83

3.3. Nonstandard Sample
3.3.1. Organics in Ceramics

83

3.3.2. Organics in Iron

85

3.3.3. Carbon in Lime-Based Mortars

87

3.4. Problematic Sample

89

3.4.1. Organics in Phytoliths

89

3.4.2. Organics in Rock Varnish and Rock Art

90

3.4.3. Soil Organics and Carbonates

91

3.5. Sample Pretreatment Str:

92

3.5.1. Physical Examination

92

3.5.2. Acid Extraction

93

3.5.3. Base Extraction

93

3.5.4. Solvent Extraction

93

3.5.5. Molecular Separations
3.6. Sample Amounts and Associated Data

94

3.6.1. Carbon Content

94

3.6.2. Chemical Pretreatment and Sample Fractions

94

95

3.6.3. Decay (Conventional) vs. Direct (AMS) 14C M ement.
3.6.4. Sample Data

96

3.7. Concluding Observations

96

CHAPTER 4. MEASUREMENT OF NATURAL RADIOCARBON

98

4.1. Radioactivity

98

4.2. Radioactivity Measurement Instruments
4.2.1. Tonizing Radiation Detection

4.2.2. Mass Spectrometric Detection
4.3. Measuring Natural Radiocarbon

4.3.1. General Considerations

100
100
102
103
103

4.3.2. Sample Conversion Requi t

4.4. Decay/Beta Counting Systems

4.4.1. Solid Carbon

4.4.2. Gas Proportional

4.4.3. Liquid Scintillation Counting

4.5. Direct/Ion Counting Systems: Accelerator Mass Spectrometry.

4.5.1. Basic Principle

4.5.2. Cyclotron AMS Systems

4.5.3. Electrostatic AMS System:

105
106

107
109
111
112
114
114

4.5.4. AMS Instrument Sizes

120

4.6. Radiocarbon Age Calculation:
4.6.1. Background Values

121
122

122

4.6.2. Contemporary Standards
4.6.3. Computation of 14C Ages

4.7. Statistical Constraint;

CHAPTER 5. CRITICAL EVALUATION OF RADIOCARBON DATA

5.1. General Principles

5.2. Sample Provenience Factors

5.3. Sample Composition Factors

5.3.1. Contamination Effects

124
127

130
130
132
136

5.3.2. Fractionation Effects

5.4. Statistical and Experimental Factors
5.5. Systemic Factors

5.5.1. Reservoir Effects

5.5.2. Radiocarbon Calibration

137
142
144
149
150
155




5.6. Radiocarbon Age Estimates: Critical Evaluations 157
5.7. Case Study I: Shroud of Turin 162
5.8. Concluding Observations 169
6. RADIOCARBON DATING IN OLD WORLD ARCHAEOLOGY 172
6.1. Introduction 172
6.2. The Demise of the Neanderthals and Early Modern Humans 175
6.3. The Colonization of Sahul (New Guinea and Australia) 188
6.4. The Emergence of Pottery in Hunting and Gathering Societies in East Asia 191
6.5. The Origins of Agriculture in Western Asia 197
6.5.1. Brief Introduction 197
6.5.2. The Climate of the Levant 198
6.5.3. Epi-Paleolithic Foragers in the Levant 199
6.5.4. Models of the Transition from Foraging to Farming 201
6.5.5. How Do Foragers Become Farmers? 204
6.5.6. Early Neolithic Village Cc itie 206
6.6. The Impact of the “8200 cal BP Cold Event” on Prehistoric Societies in the Near East 207
6.7. Case Study II: Santorini Eruption and Its Archaeological Implications 213
6.8. Case Study III: King David and the Iron Age Chronological Debate 219
CHAPTER 7. RADIOCARBON DATING IN NEW WORLD ARCHAEOLOGY. 225
7.1. Orbe Novo 225
7.2. Pre-14C Chronologie 226
7.3. Paleoamerican 228
7.3.1. Dating Clovis and Folsom 230
7.3.2. Influence of Single 14C Dates: Tule Springs, Old Crow, and Lewisville 232
7.3.3. Pre-Clovis Issues 234
7.3.4 Calaveras Skull 235
7.3.5. Calico 236
7.3.6. New World Human Skeletal Samples 236
7.3.7. Meadowcroft Rockshelter. 238
7.3.8. Pendejo Cave 240
7.3.9. Paleoamerican Migration Routes 240
7.3.10. Proposed Extraterrestrial Influences 241
7.4. Eastern North America 243
7.5. Western North America 246
7.6. Case Study IV: Kennewick Skeleton (USA) 247
7.7. Southwestern United States 251
7.8. Mesoamerica 251
7.9. South America 254
7.10. Case Study V: Monte Verde (Chile) 258
7.11. Concluding Observations 261
CHAPTER 8. RADIOCARBON DATING: ORIGIN AND EVOLUTION 263
8.1. Discovery of Radiocarbon 263
8.2. Libby at Berkeley: 1927-1941 265
8.3. Libby at the Manhattan Project: 1941-1945 269
8.4. Libby at Chicago: 1945-1954 270
8.5. Critical Experiments and Developments: 19461948 274
8.5.1. First Critical Experiment 275
8.5.2. Funding and Public Presentations 275
8.5.3. Solid Carbon Counting Technology 277
8.5.4. Anticoincidence Counting 281
8.5.5. Second Critical Experiment 282




8.5.6. Third Critical Experiment 283

8.6. Dating Unknown Age Samples 286
8.7. Radiocarbon Dating Comes of Age 288
8.8. AMS Origins and Initial Development 291
8.8.1. Initial Cyclotron AMS Development 291

8.8.2. Initial Tandem Accelerator Development 292

8.9. Arnold and Anderson Post-14C Scientific Careers 294
8.10. Continuing Objection 295
CHAPTER 9. RADIOCARBON DATING: GUIDE TO BIBLIOGRAPHIC SOURCES 299
9.1. General Issues 299
9.2. Bibliographies 299
9.3. Reviews and S ies 300
9.4. The Journal Radiocarbon 301
9.5. Datab 302
9.6. Conferences 304
9.7. Calibration 304
9.8. Concluding Observations 304
REFERENCES AND NOTES 307
REFERENCES CITED. 331
INDEX 395

ABOUT THE AUTHORS 404




OPEN ACCESS: MCJA Book Reviews Volume 40, 2015

Radiocarbon Dating:

An Archaeological Perspective,
Second Edition

R. E. Taylor and Ofer Bar-Yosef. 2014. Left Coast Press,

404 pp., 78 figures, 38 tables, references, index. $129.00
(cloth), $59.95 (eBook)

Reviewed by John P Hart, Research and Collections Division, New
York State Museum, Albany.

R. E. Taylor and Ofer Bar-Yosef

Over the last several decades archaeology as practiced in

North America and portions of Europe has become a frac-
tured discipline. Various theoretical schools have arisen with divergent goals, methods, and
traditions. Among these are some that claim a strong affiliation with scientific disciplines,
others with cultural anthropology or the humanities, and others with schools of European
philosophy. Despite the fractured nature of the discipline, a fundamental need of most
archaeologists 1s the ability to anchor their research and narratives in time—chronology
building remains a fundamental activity for much of the discipline.

Prior to the advent of radiocarbon dating, various methods and techniques were devel-
oped, such as seriation, to place regional archaeological assemblages in relative chronologic
order. Regional culture historical schemes were developed and continuously revised to pro-
vide temporal (and spatial) control over the archaeological record. These schemes were
subjective, generally based on a single archaeologist’s enumeration of formal attributes and
subsequently subjectively revised by other archaeologists as new sites were investigated.

When radiocarbon dating came on the scene in the 1950s, suddenly there was an inde-
pendent means of estimating the age of archaeological deposits. No longer was chronology
building necessarily a regional phenomenon based directly on the archaeological record
and its subjective interpretations. Rather it could now be based on an independent meth-
odology grounded in physical laws, principles, and theory within the 40,000-60,000 year
range of applicability. This revolutionized the practice of archaeology and, as R. E. Taylor
and Ofer Bar-Yosef argue in this book, allowed the development of a global archaeology.

As amply covered by Taylor and Bar-Josef, radiocarbon dating methods and techniques
have changed markedly over the past 60 years. Particularly important has been the devel-
opment of calibrations to account for temporal fluctuations in atmospheric *C resulting in
the ability to assign calendrical date ranges to radiocarbon age estimates (the second radio-
carbon revolution). Of equal importance has been the development of accelerator mass
spectrometry (AMS) dating, requiring only milligram-sized samples thus allowing the direct
dating of organic items of chronological interest (the third radiocarbon dating revolution).
Archaeologists can now assess chronological trajectories of specific categories of material
culture over large areal extents. No longer is it necessary to rely on subjective culture-his-
toric schemes to control chronology. Radiocarbon dating has become an indispensable tool
for archaeologists researching pre-contact societies in the midcontinent.

Despite the dependence of archaeologists on radiocarbon dating, few archaeologists receive
intensive training in the theory and methods behind obtaining radiocarbon age estimates.
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I surveyed the course catalogues of major Ph.D. granting anthropology departments
in state universities across the midcontinent, and did not find a single course devoted
exclusively to radiocarbon dating. One department offers a geochronology course that
includes coverage of radiocarbon dating, another a course on Quaternary environments
that includes coverage of radiocarbon dating, and a third has offered a short course on
archaeological dating methods in the last few years. While radiocarbon dating may be
included as a unit in methods survey courses, it seems that most archaeologists obtain
advanced degrees without a firm grounding in this indispensable tool.

It 1s fortunate, then, that a second edition of this book is now available. While most
of the chapters contain updates of the original 1987 edition authored by Taylor, with
the addition of Bar-Yosef as a second author, this second edition includes two new
chapters of examples on the application of radiocarbon dating in archaeological
research. This book provides a firm foundation in the history, theory, methods, and
techniques of radiocarbon dating.

Much of the book is given over to understanding radiocarbon dating anomalies
and how those anomalies can be quantified and corrected. The authors identify four
potential sources of anomalous age estimates: contextual, compositional, systematic,
and measurement. As Taylor and Bar-Yosef repeat several times through the volume,
they consider that “the most common source of anomalous '*Ci age determinations is
a failure to define correctly and explicitly the physical association or relationship of a
specific organic sample and the *C age obtained on it with the type of archaeologi-
cally related object or phenomena for which a chronometric age is desired” (p. 43). In
other words, these are errors of association made by archaeologists. While many of the
other sources of anomalies can be dealt with in the laboratory or through appropriate
calibrations, this source falls squarely at our feet. One can almost feel the authors’ frus-
trations with those of us who want to blame the lab rather than themselves when they
receive what they consider anomalous dates.

While dealing with a highly technical subject, the volume is very approachable for
those with basic groundings in the physical sciences. The first chapter provides a com-
prehensive summary of the rest of the volume. It is well-worth reading in and of itself to
learn or refresh one’s knowledge about radiocarbon dating. The remaining chapters need
not be read in order. Rather each provides an extensive and comprehensive treatment
of a particular broad topic and its various components that can be read as a stand-alone
primer. The two chapters of archaeological examples provide a wide-range of radiocar-
bon-dating applications that have resolved sometimes long-standing chronological issues.

The volume is largely up-to-date providing important insights into various contem-
porary issues surrounding radiocarbon dating. A few areas receive no attention or less
that I would have liked. These include chronometric hygiene, the freshwater reservoir
effect on charred cooking residues adhering to pottery, and Bayesian statistics. Regard-
less, this is the most comprehensive treatment of radiocarbon dating in archaeology
available. It is a must read for all archacologists engaged in chronology building, and it
would serve as an excellent textbook for graduate-level radiocarbon-dating courses in
archaeology if such courses are offered.



