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Abstract

Around 3600 years ago one of the largest volcanic eruptions of the last several thousand
years occurred on the island of Santorini in the southern Aegean Sea. An important
prehistoric town on Santorini was destroyed. Finds from the island linked the eruption to
the early Late Bronze Age, and specifically, the Late Minoan I period of Crete a little over
100 km to the south. The scale of the eruption indicates a regional impact. In 1939 a
Spyridon Marinatos, advocated in a leading archaeology journal that the eruption directly
caused the destruction of the civilisation of Minoan Crete. Since then there have been
many claims and counter-claims for the impact of the eruption: on Crete, in the Aegean,
and even further afield. Views at present remain sharply divided; and the evidence

required to support or deny positions is still often inadequate.

This study seeks to provide and analyse new, rigorous, data relevant to several key aspects
of the question of the impact of the Minoan eruption of Santorini. In the context of a
critical examination of the pivotal data and discussions of previous authors, a new

assessment is made of its nature, seasonal timing, and impact.

The archaeological setting for the eruption is examined, and three zones most at risk are
identified. The volcanological data on the eruption are critiqued and a range of physical
characteristics of the eruption drawn up. The pyroclastic products which have been
attributed in the literature to the eruption are examined to assess their quality. It has been
proposed that a large tsunami was a major factor in the destruction of human settlement
sites. Possible methods of tsunami generation by the eruption process are formulated and

the question of tsunamis within the stratigraphic record is assessed.

Fieldwork was undertaken on Crete and Rhodes. This fieldwork highlights the importance
of the coastal zone for preserving evidence of the eruption and provides further quality
evidence on the tephra fallout. The fact that coastal areas of these islands are fast
vanishing resources for the archaeological and environmental history of the region is

highlighted.

Finally, a series of simulations, using a computer model, of the Santorini eruption tephra

fall are undertaken. Modern wind data is used to distribute the tephra and the results
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suggest that the eruption occurred in the summer months. Thus there may have been a

significant impact on crops ready for harvest and in the process of storage.

The thesis demonstrates that simplistic ideas of cause and effect for the Minoan eruption
are unrealistic. It highlights that sites are affected on an individual basis and that concepts
of civilisation collapse are not valid. The loss of settlements on Santorini itself is shown to
be significant. Sites to the east of Santorini, such as Trianda on Rhodes, are demonstrated
to have been significantly affected by the tephra fallout. Clear evidence for damage on
Crete is both more ambiguous and restricted. Combined with considerations of the exact
date of the eruption, versus the dates for the destructions of the Minoan palace sites, it
appears difficult now to sustain any significant causal connection. Further multi-
disciplinary work is proposed for the coastal zone in an effort to retrieve ephemeral but

highly significant data that is currently not available.

_iv-



Table of Contents vi

Chapter 1 1
Chapter 2 10
Chapter 3 53
Chapter 4 87
Chapter 5 149
Chapter 6 186
Chapter 7 297
Chapter 8 345
Bibliography 361
Appendix 1 386
Appendix 2 401
Appendix 3 402
Appendix 4 405
Appendix 5 412

Appendix 6 415



Chapter 1.
1.1
1.2

Chapter 2.

21
2.2

2.3

2.4

2.5

2.6

Chapter 3.

31
3.2
33
34
3.5
3.6

3.7

3.8
3.9

3.10
3.11

Chapter 4.
4.1

4.2
4.3

Table of Contents

Introduction and overview
Methodology
Structure

Earth: The Minoan eruption in its archaeological landscape

Introduction
The Minoan culture and problems of interpretation
2.2.1 Terminology
2.2.2 Textual and iconographic sources
2.2.3 Initial discovery and incipient bias
Problems with chronology
2.3.1 The Minoan pottery seriation
2.3.2 The absolute chronology and questions of High versus Low
2.3.3 Summary
Akrotiri and Santorini in context
2.4.1 Late Bronze Age settlements on Santorini
2.4.2 Cycladic settlement patterns
2.4.3 Summary
A consideration of three aspects of Minoan culture at risk
2.5.1 Minoan buildings
2.5.2 The coastal littoral and maritime zone
2.5.3 Crops and subsistence
Conclusions

Fire: The eruption of Santorini in the Minoan period

Introduction

Geographical and geological setting of Santorini

Pre-eruption Santorini

Evidence of eruption phases from archaeological work at Akrotiri
Location of the vent

Precursor activity

3.6.1 Precursor earthquakes
3.6.2 Precursor deposits
The phases of the Minoan eruption of Santorini

3.7.1 Phase 1

3.7.2 Phase 2

3.7.3 Phase 3

3.74 Phase 4

3.7.5 Phase 5

Caldera collapse
Physical characteristics of the eruption
3.9.1 Estimates of sulphur produced by the eruption
3.9.2 Calculated values for the physical characteristics
Post-eruption deposits
Summary

Earth: Cores and samples attributed to the Minoan eruption
of Santorini

Introduction

Structure

Santorini tephra reported in the literature
4.3.1 Santorini

- Vi -

wn

10

10
11
11
12
13
15
17
21
27
27
27
30
32
34
36
43
47
51

53

53
55
57
62
68
69
69
72
73
73
74
74
75
76
76
77
78
79
84
85

87

87
89
920
90



4.4

4.5

4.3.2 Crete

4.3.3 Anaphi
4.3.4 Anatolia
4.3.5 Cyprus
4.3.6 Egypt
4.3.7 Kos
4.3.8 Levant
4.3.9 Limnos

4.3.10 Melos
4.3.11 Rhodes
4.3.12 Samothraki
4.3.13 Greenland
4.3.14 Aegean Sea
4.3.15 Black Sea

Results
4.4.1 Refractive index
4.4.2 Major element geochemistry of glass samples from marine settings
4.4.3 Major element geochemistry of glass samples from land settings
4.4.4 Major element geochemistry of pumice and tephra from marine

and land settings

4.4.5 Ternary diagrams

Summary

Chapter 5. Water: Tsunamis, sea-level change, and coastal inundation

5.1
5.2
53

54

5.5

5.6

5.7

Introduction
What are tsunamis?
Sea level change

5.3.1 Sea-level change on Crete
5.3.2 Sea-level change on Rhodes
5.3.3 Anatolia
5.34 Summary
How could tsunami waves have formed from the eruption of Santorini?
54.1 The generation of tsunamis by volcanic eruptions
542 Tsunami generation by the Santorini eruption
Tsunami events and their identification within the stratigraphic record
5.5.1 Recording tsunami deposits
552 Dating of tsunami deposits
5.5.3 Summary
Evidence presented for the Santorini tsunami
5.6.1 Santorini
5.6.2 Amnisos
5.6.3 Chania
5.6.4 Dominey-Howes survey
5.6.5 Gouves
5.6.6 Poros
5.6.7 Anaphi
5.6.8 Jaffa, Levant
5.6.9 Cyprus

5.6.10 Anatolia

5.6.11 Red Sea

5.6.12 Cobblestone beds
Summary

Chapter 6. Earth: Fieldwork and samples

6.1
6.2

Introduction
Previous work

- Vil -

91

103
104
107
107
108
110
111
111
111
114
115
116
125
126
126
127
132
137

142
144

149

149
150
153
156
158
159
159
160
160
161
164
169
169
170
170
171
172
175
175
177
178
178
178
179
179
181
182
183

186

186
187



6.3
6.4

6 6.5

6.6

6.7

6.8

6.9

Fieldwork outline

Rhodes

6.4.1 S1

6.4.2 S2

6.4.3 S3

6.4.4 S4

6.4.5 S5

6.4.6 S6

6.4.7 S7

6.4.8 S8

6.4.9 S9

6.4.10 S10

6.4.11 S11

6.4.12 S12

6.4.13 S13

6.4.14 S14

6.4.15 S15

6.4.16 S16

6.4.17 S17

6.4.18 S18

6.4.19 S19

6.4.20 S20

6.4.21 845 Paradeisi

6.4.22 S47 Trianda

6.4.23 Summary
Crete

6.5.1 S21

6.5.2 S22

6.5.3 S23

6.5.4 524

6.5.5 S25

6.5.6 S$26

6.5.7 S27

6.5.8 528

6.5.9 S29

6.5.10 S30

6.5.11 S31

6.5.12 $32

6.5.13 S$33

6.5.14 S34

6.5.15 S35

6.5.16 S$36

6.5.17 S37

6.5.18 S38

6.5.19 S39

6.5.20 5S40

6.5.21 S41

6.5.22 S42

6.5.23 543

6.5.24 Summary
Kos

6.6.1 844 Seraglio, Kos

6.6.2 846 Kephalos, Kos
Anatolia

6.7.1 S48 Iasos
Cyprus

6.8.1 S49 Maroni Vournes
SEM analysis

6.9.1 Results

6.9.2 Summary

188
189
191
191
191
192
193
194
195
196
196
197
197
199
200
200
201
202
203
203
204
204
206
206
207
208
209
211
212
214
214
215
216
216
217
218
218
218
219
220
220
220
221
222
222
222
223
223
223
224
225
225
225
226
226
227
227
230
230
234



6.10

6.11

6.12

6.13

Chapter 7.
7.1
7.2

7.3

7.4

Microprobe analysis 235
6.10.1 Microprobe results 236
6.10.2 S§18/1, Rhodes 236
6.10.3 822/4, Gouves, Crete 236
6.10.4 844/1, Seraglio, Kos 237
6.10.5 845/1, Paradeisi, Rhodes 237
6.10.6 846/1, Kephalos, Kos 238
6.10.7 S47/1, Trianda, Rhodes 238
6.10.8 847/2, Trianda, Rhodes 239
6.10.9 S48/1a lasos, Anatolia 239
6.10.10 S48/1b lasos, Anatolia 240
6.10.11 Discussion 246
6.10.12 Summary 247

Laser granulometry 247
6.11.1 Introduction 247
6.11.2 Analysis 248
6.11.3 Results 249
6.11.4 Discussion 252
6.11.5 Summary 253

Coastal site survey 254
6.12.1 Introduction 254
6.12.2 Amnisos 254
6.12.3 Chania 259
6.12.4 Gournia 260
6.12.5 Gouves 265
6.12.6 Knossos 270
6.12.7 Kommos 271
6.12.8 Mallia 272
6.12.9 Mochlos 280
6.12.10 Nirou Chani 282
6.12.11 Palaikastro 283
6.12.12 Phaistos 288
6.12.13 Pseira 289
6.12.14 Priniatikos 290
6.12.15 Zakros 291
6.12.16 Summary 293

Conclusions 293
6.13.1 The eastward spread of the tephra 293
6.13.2 Evidence for tsunamis on the north coast of Crete 295
6.13.3 Archaeological coastal survey 295
Air: Models of tephra dispersal and deposition. 297

Introduction 297

Theoretical concepts of tephra modelling 297
7.2.1 Computer representation of the physics of tephra deposition 299
7.2.2 Model details 300

The model parameters 301
7.3.1 Mass of eruption 302
7.3.2 Grainsize and terminal velocity 302
7.3.3 Column height 306
7.3.4 Mass distribution factor 307
7.3.5 Atmospheric turbulent diffusion 309
7.3.6 Wind vectors 309
7.3.7 Model space and grid size 316

Model validation using Mt St. Helens eruption, May 18th 1980 316
7.4.1 The 1980 Mt St. Helens eruption background 316
7.4.2 Parameters for the Mt St. Helens eruption 317
7.4.3 Introduction to the Mt St. Helens model runs 319
7.4.4 Determining the time of year of the eruption from monthly averages 320

-1X -



7.5

7.6
Chapter 8.

8.1
8.2

8.3

8.4
8.5

7.4.5 Specific time of the eruption
7.4.6 Mt St. Helens summary
The Santorini model runs
7.5.1 The distribution of tephra within the eruption column
7.5.2 The effect of aggregation on the fallout pattern
7.5.3 The effect of height on the fallout pattern.
7.5.4 Seasonal wind effects
7.5.5 Observed 1 cm tephra isopach
7.5.6 The Plinian results
7.5.7 Co-ignimbrite fallout simulation for June 1997.
7.5.8 The change in wind direction during the day

A combined multi-period simulation of the tephra fallout from
the Minoan eruption of Santorini.
Summary of the tephra fallout modelling

Conclusions and future directions

Introduction
Summary of chapters
8.2.1 Chapter 2. Earth - the eruption and the archaeological landscape
8.2.2 Chapter 3. Fire - the eruption
8.2.3 Chapter 4. Earth - evidence of the eruption outside Santorini
8.2.4 Chapter 5. Water - tsunamis and sea level change
8.2.5 Chapter 6. Earth - field work and analysis
8.2.6 Chapter 7. Air - computer model of tephra fallout
The impact of the Minoan eruption of Santorini
8.3.1 Immediate effects
8.3.2 Longer term issues

Constraints highlighted by the thesis and future directions
Final statement

323
324
325
325
326
328
331
334
335
338
339
341

343

345

345
345
345
347
348
348
349
350
350
350
354
358
360



