McDONALD INSTITUTE MONOGRAPHS

Temple landscapes

Fragility, change and resilience
of Holocene environments
in the Maltese Islands

By Charles French, Chris O. Hunt, Reuben Grima,
Rowan McLaughlin, Simon Stoddart & Caroline Malone

: e =
-~ 3
L S g s
— 4 . e ==
- T e
= - P e &
. M i
}
|
% ¥ e (o
1 b | i
| ' L !
b 1§ 1 i
| § ok
| I (g
‘: | i
& ¥l
At f
{ i
i ¥
{ i
¥ 1l
h L oa ! - 1
‘ g {1 N
B e,
i RN

Volume 1 of Fragility and Sustainability — Studies on Early Malta,
the ERC-funded FRAGSUS Project



Temple landscapes






McDONALD INSTITUTE MONOGRAPHS

Temple landscapes

Fragility, change and resilience of Holocene
environments in the Maltese Islands

By Charles French, Chris O. Hunt, Reuben Grima,
Rowan McLaughlin, Simon Stoddart & Caroline Malone

With contributions by

Gianmarco Alberti, Jeremy Bennett, Maarten Blaauw, Petros Chatzimpaloglou,

Lisa Coyle McClung, Alan J. Cresswell, Nathaniel Cutajar, Michelle Farrell,

Katrin Fenech, Rory P. Flood, Timothy C. Kinnaird, Steve McCarron,

Rowan McLaughlin, John Meneely, Anthony Pace, Sean D.F. Pyne-O’Donnell,
Paula J. Reimer, Alastair Ruffell, George A. Said-Zammit, David C.W. Sanderson,
Patrick J. Schembri, Sean Taylor, David Trumpt, Jonathan Turner, Nicholas C. Vella
& Nathan Wright

Illustrations by

Gianmarco Alberti, Jeremy Bennett, Sara Boyle, Petros Chatzimpaloglou,

Lisa Coyle McClung, Rory P. Flood, Charles French, Chris O. Hunt, Michelle Farrell,
Katrin Fenech, Rowan McLaughlin, John Meneely, Anthony Pace, David Redhouse,
Alastair Ruffell, George A. Said-Zammit & Simon Stoddart

FRAGSUS

g

Volume 1 of Fragility and Sustainability — Studies on Early Malta,
the ERC-funded FRAGSUS Project



SEVENTH FRAMEWORK
PROGRAMME

Published by:

McDonald Institute for Archaeological Research
University of Cambridge

Downing Street

Cambridge, UK

CB2 3ER

(0)(1223) 339327

eaj3l@cam.ac.uk

www.mcdonald.cam.ac.uk

European Research Council

Established by the European Commission

This project has received funding from the
European Research Council (ERC) under
the European Union’s Seventh Framework
Programme (FP7-2007-2013) (Grant
agreement No. 323727).

‘ @ @ @ @ McDonald Institute for Archaeological Research, 2020

© 2020 McDonald Institute for Archaeological Research.

Temple landscapes is made available under a

Creative Commons Attribution-NonCommercial-

NoDerivatives 4.0 (International) Licence:

https://creativecommons.org/licenses/by-nc-nd/4.0/

ISBN: 978-1-902937-99-1

Cover design by Dora Kemp and Ben Plumridge.
Typesetting and layout by Ben Plumridge.

On the cover: View towards Nadur lighthouse and Ghajnsielem church
with the Gozo Channel to Malta beyond, from In-Nuffara (Caroline Malone).

Edited for the Institute by James Barrett (Series Editor).



CONTENTS

Contributors xi
Figures xiii
Tables Xxvi
Preface and dedication Xix
Acknowledgements xxi
Foreword xxiii
Introduction ~ CAROLINE MALONE, SiMON StoDDART, CHRIs O. HuNT, CHARLES FRENCH, 1

RowaN McLAUGHLIN & REUBEN GRIMA

0.1. Introduction 1
0.2. Background to FRAGSUS as an archaeological project 3
0.3. Environmental research in Malta and the Mediterranean 5
0.4. The development of the FRAGSUS Project and its questions 6
0.5. Archaeological concerns in Maltese prehistory and the FRAGSUS Project 8
0.6. The research programme: the sites and their selection 9
0.7. Investigating the palaeoenvironmental context 10
0.8. Archaeological investigations 11
Part I The interaction between the natural and cultural landscape — insights into the 17
fifth-second millennia Bc
Chapter 1 The geology, soils and present-day environment of Gozo and Malta 19
PeTrROS CHATZIMPALOGLOU, PATRICK J. SCHEMBRI, CHARLES FRENCH, ALASTAIR RUFFELL
& SIMON STODDART
1.1. Previous work 19
1.2. Geography 19
1.3. Geology 21
1.4. Stratigraphy of the Maltese Islands 23
1.4.1. Lower Coralline Limestone Formation 23
1.4.2. Globigerina Limestone Formation 23
1.4.3. Chert outcrops 25
1.4.4. Blue Clay Formation 26
1.4.5. Greensand Formation 28
1.4.6. Upper Coralline Limestone Formation 28
1.4.7. Quaternary deposits 29
1.5. Structural and tectonic geology of the Maltese Islands 29
1.6. Geomorphology 29
1.7. Soils and landscape 31
1.8. Climate and vegetation 32
Chapter 2 Chronology and stratigraphy of the valley systems 35

Curis O. Hunt, MicHELLE FARRELL, KaTRIN FENECH, CHARLES FRENCH, RoOwAN MCLAUGHLIN,
MAARTEN BLaauw, JEREMY BENNETT, RorY P. FLooD, SEaN D. F. PYNE-O’'DoNNELL, PAULA
J. REIMER, ALASTAIR RUFFELL, ALAN J. CRESSWELL, TiMmoTHY C. KINNAIRD, DAVID SANDERSON,
SEAN TAYLOR, CAROLINE MALONE, SIMON STODDART & Ni1cHoLAS C. VELLA
2.1. Methods for dating environmental and climate change in the Maltese Islands 35
RowaN McLAUGHLIN, MAARTEN BLaauw, Rory P. FLoop, CaarLEs FreEncH, CHRris O. HunT,
MicHELLE FARRELL, KATRIN FENECH, SEAN D.F. PYNE-O’'DONNELL, ALAN J. CRESSWELL,
Davip C.W. SanpiERrsoN, TimoTHY C. KiINNAIRD, PAuLA J. REIMER & NicHoras C. VELLA
2.1.1. Data sources for chronology building 35
2.1.2. Pottery finds 41



2.2. Basin infill ground penetrating radar surveys 41
ArAsTAIR RUFFELL, CHRIs O. HUNT, JEREMY BENNETT, RORY P. FLOOD,
SIMON STODDART & CAROLINE MALONE

2.2.1. Rationale 41
2.2.2. Geophysics for basin fill identification 41
2.2.3. Valley locations 43
2.3. The sediment cores 43

Curis O. Hunt, MicHELLE FARRELL, RoryY P. FLoop, KaTriN FENECH,
Rowan McLauGHLIN, NicHoLAs C. VELLA, SEAN TAYLOR & CHARLES FRENCH

2.3.1. Aims and methods 43

2.3.2. The core descriptions 49

2.3.3. Magnetic susceptibility and XRF analyses of the cores 59
2.4. Age-depth models 64
MAARTEN BLauuw & RowaN McLAUGHLIN

2.4.1. Accumulation rates 64
2.5. A local marine reservoir offset for Malta 65
Paura J. REIMER
2.6. Major soil erosion phases 65
Rory P. FLoop, RowaN McLAUGHLIN & MICHELLE FARRELL

2.6.1. Introduction 65

2.6.2. Methods 66

2.6.3. Results 67

2.6.4. Discussion 68

2.6.5. Conclusions 71

Chapter 3 The Holocene vegetation history of the Maltese Islands
MicHELLE FARRELL, CHRIs O. HUNT & Lisa CoyLE McCLUNG

3.1. Introduction 73

Curis O. Hunt

3.2. Palynological methods 74

Lisa CoyLE-McCLUNG, MiCHELLE FARRELL & CHRIs O. HuNT

3.3. Taxonomy and ecological classification 75

Curis O. Hunt

3.4. Taphonomy 75

Curis O. HUNT & MIcHELLE FARRELL

3.5. The pollen results 87

MicHELLE FARRELL, LisA CoyLE-McCLUNG & CHris O. HunT
3.5.1. The Salina cores 87
3.5.2. Wied Zembagq 87
3.5.3. Xemxija 87
3.5.4. In-Nuffara 87
3.5.5. Santa Verna 95
3.5.6. Ggantija 105

3.6. Synthesis 107
3.6.1. Pre-agricultural landscapes (pre-5900 cal. Bc) 107
3.6.2. First agricultural colonization (5900-5400 cal. c) 108
3.6.3. Early Neolithic (5400-3900 cal. Bc) 109
3.6.4. The later Neolithic Temple period (3900-2350 cal. Bc) 110
3.6.5. The late Neolithic—Early Bronze Age transition (2350-2000 cal. Bc) 111
3.6.6. The Bronze Age (2000-1000 cal. Bc) 112
3.6.7. Late Bronze Age, Punic and Classical periods (c. 1000 cal. c to Ap 1000) 112
3.6.8. Medieval to modern (post-Ap 1000) 113

3.7. Conclusions 113

vi



Chapter 4 Molluscan remains from the valley cores 115
Katrin FeNecH, CHris O. HunT, NicHOLAS C. VELLA & PATRICK J. SCHEMBRI

4.1. Introduction 115
4.2. Material 117
4.3. Methods 117
4.4. Radiocarbon dates and Bayesian age-depth models 117
4.5. Results 117
4.5.1. Marsaxlokk (MX1) 127
4.5.2. Wied Zembaq (WZ) 127
4.5.3. Mgarr ix-Xini (MGX) 128
4.5.4. Marsa 2 128
4.5.5. Salina Deep Core 133
4.5.6. Xemxija 1 and 2 152
4.6. Interpretative discussion 153
4.6.1. Erosion — evidence of major events from the cores 153
4.7. Environmental reconstruction based on non-marine molluscs 155
4.7.1. Early Holocene (c. 8000-6000 cal. Bc) 155
4.7.2. Mid-Holocene (c. 6000-3900 cal. c) 155
4.7.3. Temple Period (c. 3900-2400 cal. Bc) 155
4.7.4. Early to later Bronze Age (2400—c. 750 cal. Bc) 155
4.7.5. Latest Bronze Agelearly Phoenician period to Late Roman/Byzantine 156
period (c. 750 cal. Bc—cal. AD 650)
4.8. Concluding remarks 156
4.9. Notes on selected species 157
4.9.1. Extinct species 157
4.9.2. Species with no previous fossil record 158
4.9.3. Other indicator species 158
Chapter 5 The geoarchaeology of past landscape sequences on Gozo and Malta 161
CHARLES FRENCH & SEAN TAYLOR
5.1. Introduction 161
5.2. Methodology and sample locations 164
5.3. Results 165
5.3.1. Santa Verna and its environs 165
5.3.2. Ggantija temple and its environs 174
5.3.3. Skorba and its immediate environs 183
5.3.4. Taé-Cawla settlement site 188
5.3.5. Xaghra town 190
5.3.6. Ta” Marziena 192
5.3.7. In-Nuffara 192
5.3.8. The Ramla valley 193
5.3.9. The Marsalforn valley 195
5.3.10. Micromorphological analyses of possible soil materials in the Xemxija 1, 196
Wied Zembuq 1, Marsaxlokk and Salina Deep (SDC) cores
5.4. The Holocene landscapes of Gozo and Malta 213
5.5. A model of landscape development 217
5.6. Conclusions 221
Chapter 6  Cultural landscapes in the changing environments from 6000 to 2000 Bc 223

ReuBeN GriMA, SiMON SToDDART, CHRIS O. HUNT, CHARLES FRENCH,

RowaN McLAUGHLIN & CAROLINE MALONE
6.1. Introduction 223
6.2. A short history of survey of a fragmented island landscape 223
6.3. Fragmented landscapes 225

vii



6.4. The Neolithic appropriation of the landscape

6.5. A world in flux (5800-4800 cal. Bc)

6.6. The fifth millennium sc hiatus (4980/4690 to 4150/3640 cal. Bc)
6.7. Reappropriating the landscape: the “Temple Culture’

6.8. Transition and decline

6.9. Conclusion

Part IT The interaction between the natural and cultural landscape — insights from
the second millennium Bc to the present: continuing the story

Chapter 7 Cultural landscapes from 2000 sc onwards
SiMON STODDART, ANTHONY PAcE, NATHANIEL CUTAJAR, NicHOLAS C. VELLA,
RowaN McLAUGHLIN, CAROLINE MALONE, JoHN MENEELY & DAviD TRUMPT
7.1. An historiographical introduction to the Neolithic-Bronze Age transition
into the Middle Bronze Age
7.2. Bronze Age settlements in the landscape

7.3. The Bronze Age Phoenician transition and the Phoenician/Punic landscape

7.4. Entering the Roman world

7.5. Arab

7.6. Medieval

7.7. The Knights and the entry into the modern period

Chapter 8  The intensification of the agricultural landscape of the Maltese Archipelago
JEREMY BENNETT
8.1. Introduction
8.2. The Annales School and the Anthropocene
8.3. The Maltese Archipelago and the longue durée of the Anthropocene
8.4. Intensification
8.5. Population
8.5.1. Sub-carrying capacity periods
8.5.2. Post-carrying capacity periods
8.6. The agrarian archipelago
8.6.1. The agricultural substrate
8.6.2. The development of agricultural technology
8.7. Discussion: balancing fragility and sustainability

Chapter 9 Locating potential pastoral foraging routes in Malta through the use of a
Geographic Information System
G1ANMARCO ALBERTI, REUBEN GRIMA & NicHoLas C. VELLA
9.1. Introduction
9.2. Methods
9.2.1. Data sources
9.2.2. Foraging routes and least-cost paths calculation
9.3. Results
9.3.1. Garrigue to garrigue least-cost paths
9.3.2. Stables to garrigues least-cost paths
9.4. Discussion
9.4. Conclusions

Chapter 10 Settlement evolution in Malta from the Late Middle Ages to the early twentieth
century and its impact on domestic space
GEORGE A. SAID-ZAMMIT
10.1. The Medieval Period (ap 870-1530)
10.1.1. Medieval houses

viii

227
227
228
230
236
237

239

241

241

243
246
250
250
251
251

253

253
254
255
257
258
258
260
262
262
262
264

267

267
267
267
268
271
271
273
276
283

285

285
288



Chapter 11

References

Appendix 1

Appendix 2

10.1.2. Giren and hovels

10.1.3. Cave-dwellings

10.1.4. Architectural development
10.2. The Knights’ Period (ap 1530-1798)

10.2.1. The phase Ap 1530-1565

10.2.2. The phase Ap 1565-1798

10.2.3. Early modern houses

10.2.4. Lower class dwellings

10.2.5. Cave-dwellings and hovels

10.2.6. The houses: a reflection of social and economic change
10.3. The British Period (ap 1800-1900)

10.3.1. The houses of the British Period

10.3.2. The effect of the Victorian Age

10.3.3. Urban lower class dwellings

10.3.4. Peasant houses, cave-dwellings and hovels
10.4. Conclusions

Conclusions
CuarLres FrencH, Caris O. Hunt, MicHELLE FARRELL, KATRIN FENECH,
RowaN McLAuGHLIN, REUBEN GrRIMA, NicHOLAS C. VELLA, PATRICK J. SCHEMBRI,
SIMON STODDART & CAROLINE MALONE
11.1. The palynological record
Curis O. HUNT & MICHELLE FARRELL
11.1.1. Climate
11.1.2. Farming and anthropogenic impacts on vegetation
11.2. The molluscan record
Katrin FENEcH, CHRrIs O. HunT, NicHOLAS C. VELLA & PATRICK J. SCHEMBRI
11.3. The soil/sediment record
CHARLES FRENCH
11.4. Discontinuities in Maltese prehistory and the influence of climate
Curis O. Hunt
11.5. Environmental metastability and the longue durée
Curis O. Hunt
11.6. Implications for the human story of the Maltese Islands
CuARrLES FrRENCH, Caris O. Hunt, CAROLINE MALONE, KATRIN FENECH,
MicHELLE FARRELL, RowAN McLAUGHLIN, REUBEN GRIMA, PATRICK J. SCHEMBRI
& SIMON STODDART

How ground penetrating radar (GPR) works
ArLASTAIR RUFFELL

Luminescence analysis and dating of sediments from archaeological sites
and valley fill sequences
ArLAN J. CRESSWELL, DaviD C.W. SANDERSON, TiMmoTHY C. KINNAIRD & CHARLES FRENCH
A2.1. Summary
A2.2. Introduction
A2.3. Methods
A2.3.1. Sampling and field screening measurements
A2.3.2. Laboratory calibrated screening measurements
A2.4. Quartz OSL SAR measurements
A2.4.1. Sample preparation
A2.4.2. Measurements and determinations

ix

289
292
292
293
293
293
294
297
298
298
298
299
300
301
301
302

303

303
303
307
308
310
313
314

316

325

351

353

353
354
355
355
355
356
356
356



A2.5. Results 357

A2.5.1. Sampling and preliminary luminescence stratigraphies 357
A2.5.2. Gozo 357
A2.5.3. Skorba 363
A2.5.4. Tal-Istabal, Qormi 363
A2.6. Laboratory calibrated screening measurements 363
A2.6.1. Dose rates 367
A2.6.2. Quartz single aliquot equivalent dose determinations 367
A2.6.3. Age determinations 371
A2.7. Discussion 372
A2.7.1. Ggantija Temple (SUTL2914 and 2915) 372
A2.7.2. Ramla and Marsalforn Valleys (SUTL2917-2923) 373
A2.7.3. Skorba Neolithic site (SUTL2925-2927)s 373
A2.7.4. Tal-Istabal, Qormi (SUTL2930) 376
A2.7. Conclusions 376
Appendix 2 — Supplements A—D 379
Appendix 3 Deep core borehole logs 401
Curis O. HunTt, KATRIN FENECH, MICHELLE FARRELL & RowAN McLAUGHLIN
Appendix 4 Granulometry of the deep cores 421 (online edition only)
Katrin FENECH
Appendix 5 The molluscan counts for the deep cores 441 (online edition only)
KatriN FENECH
Appendix 6 The borehole and test excavation profile log descriptions 535
CHARLES FRENCH & SEAN TAYLOR
Appendix 7 The detailed soil micromorphological descriptions from the buried soils and 549
Ramla and Marsalforn valleys
CHARLES FRENCH
A7.1. Santa Verna 549
A7.2. Ggantija Test Pit 1 551
A7.3. Ggantija WC Trench 1 552
A7.4. Ggantija olive grove and environs 553
A7.5. Skorba 553
A7.6. Xaghra town 554
A7.7. Ta¢-Cawla 555
A7.8. In-Nuffara 555
A7.9. Marsalforn Valley Profile 626 556
A7.10. Ramla Valley Profile 627 556
A7.11. Dwerja 556
Appendix 8 The micromorphological descriptions for the Malta deep cores of Xemxija 1, 557
Wied Zembaq 1, Marsaxlokk and the base of the Salina Deep Core (21B)
CHARLES FRENCH & SEAN TAYLOR
Appendix 9 The charcoal data 563
NaTtaaN WRIGHT
Index 565



CONTRIBUTORS

Dr GIANMARCO ALBERTI

Department of Criminology, Faculty for Social
Wellbeing, University of Malta, Msida, Malta
Email: gianmarco.alberti@um.edu.mt

JEREMY BENNETT

Department of Archaeology, University of
Cambridge, Cambridge, UK

Email: jmb241@cam.ac.uk

DR MAARTEN BLaauw

School of Natural and Built Environment, Queen’s
University, University Road, Belfast, Northern
Ireland

Email: marten.blaauw@qub.ac.uk

DR PETROS CHATZIMPALOGLOU

Department of Archaeology, University of
Cambridge, Cambridge, UK

Email: pc529@cam.ac.uk

Dr Lisa CoyLE McCLuNG

School of Natural and Built Environment, Queen’s
University, University Road, Belfast, Northern
Ireland

Email: 1.coylemcclung@qub.ac.uk

Dr ALAN J. CRESSWELL

SUERC, University of Glasgow, East Kilbride,
University of Glasgow, Glasgow, Scotland
Email: alan.cresswell@glasgow.ac.uk

NaTHANIEL CUTAJAR

Deputy Superintendent of Cultural Heritage,
Heritage Malta, Valletta, Malta

Email: nathaniel.cutajar@gov.mt

DR MiCHELLE FARRELL

Centre for Agroecology, Water and Resilience,
School of Energy, Construction and Environment,
Coventry University, Coventry, UK

Email: ac5086@coventry.ac.uk

Dr KATRIN FENECH

Department of Classics & Archaeology, University
of Malta, Msida, Malta

Email: katrin.fenech@um.edu.mt

X1

Dr Rory P. FLoop

School of Natural and Built Environment, Queen’s
University, University Road, Belfast, Northern
Ireland

Email: r.flood@qub.ac.uk

Pror. CHARLES FRENCH

Department of Archaeology, University of
Cambridge, Cambridge, UK

Email: caif2@cam.ac.uk

Dr ReuBEN GRIMA

Department of Conservation and Built Heritage,
University of Malta, Msida, Malta

Email: reuben.grima@um.edu.mt

Dr Evan A. HiLL

School of Natural and Built Environment, Queen’s
University, University Road, Belfast, Northern
Ireland

Email: ehill08@qub.ac.uk

Pror. Curis O. HuNT

Faculty of Science, Liverpool John Moores
University, Liverpool, UK

Email: c.o.hunt@ljmu.ac.uk

Dr Timotay C. KINNAIRD

School of Earth and Environmental Sciences,
University of St Andrews, St. Andrews, Scotland
Email: tk17@st-andrews.ac.uk

Pror. CAROLINE MALONE

School of Natural and Built Environment, Queen’s
University, University Road, Belfast, BT7 1NN,
Northern Ireland

Email: c.malone@qub.ac.uk

Dr StevE McCARRON

Department of Geography, National University of
Ireland, Maynooth, Ireland

Email: stephen.mccarron@mu.ie

Dr RowaN McLAUGHLIN

School of Natural and Built Environment, Queen’s
University, University Road, Belfast, Northern
Ireland

Email: r.mclaughlin@qub.ac.uk



JoHN MENEELY

School of Natural and Built Environment, Queen’s
University, University Road, Belfast, Northern
Ireland

Email: j. meneely@qub.ac.uk

Dr AnTHONY PACE
UNESCO Cultural Heritage, Valletta, Malta
Email: anthonypace@cantab.net

Dr Sean D.F. PYNE-O’'DoNNELL

Earth Observatory of Singapore, Nanyang
Technological University, Singapore
Email: sean.1000@hotmail.co.uk

Pror. Pautra J. REIMER

School of Natural and Built Environment, Queen’s
University, University Road, Belfast, Northern
Ireland

Email: p.j.reimer@qub.ac.uk

DR ALASTAIR RUFFELL

School of Natural and Built Environment, Queen’s
University, University Road, Belfast, Northern
Ireland

Email: a.ruffell@equb.ac.uk

GEORGE A. SAID-ZAMMIT

Department of Examinations, Ministry for
Education and Employment, Government of Malta,
Malta

Email: george.said-zammit@gov.mt

Pror. Davip C.W. SANDERSON

SUERC, University of Glasgow, East Kilbride,
University of Glasgow, Glasgow, Scotland
Email: david.sanderson@glasgow.ac.uk

xii

Pror. PATRICK J. SCHEMBRI

Department of Biology, University of Malta,
Msida, Malta

Email: patrick.j.schembri@um.edu.mt

Dr SimoN STODDART

Department of Archaeology, University of
Cambridge, Cambridge, UK

Email: ss16@cam.ac.uk

Dr SeaN TayLor

Department of Archaeology, University of
Cambridge, Cambridge, UK

Email: st435@cam.ac.uk

Dr Davip Trumprt

DR JoNATHAN TURNER

Department of Geography, National University

of Ireland, University College, Dublin, Ireland
Email: jonathan.turner@ucd.ie

Pror. Nicnoras C. VELLA

Department of Classics and Archaeology, Faculty

of Arts, University of Malta, Msida, Malta
Email: nicholas.vella@um.edu.mt

Dr NATHAN WRIGHT

School of Social Science, The University of
Queensland, Brisbane, Australia

Email: n.wright@uq.edu.au



Figures

0.1
0.2
0.3
0.4
1.1

1.2
1.3
1.4
1.5

1.6
1.7
1.8
1.9
1.10
1.11
1.12

2.1
2.2
2.3

24
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13
2.14
2.15
2.16
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
4.1
4.2
4.3
4.4
4.5
4.6

Location map of the Maltese Islands in the southern Mediterranean Sea.

Location of the main Neolithic archaeological and deep coring sites investigated on Malta and Gozo.

Some views of previous excavations on Malta and Gozo.

Some views of recent excavations.

The location of the Maltese Islands in the southern Mediterranean Sea with respect to Sicily and
North Africa.

Stratigraphic column of the geological formations reported for the Maltese Islands.

Geological map of the Maltese Islands.

Typical coastal outcrops of Lower Coralline Limestone, forming sheer cliffs.

Characteristic geomorphological features developed on the Lower Coralline Limestone in western
Gozo (Dwerja Point).

The Middle Globigerina Limestone at the Xwejni coastline.

An overview of the area investigated in western Malta.

The end of the major fault system of Malta (Victorian Lines) at Fomm Ir-Rih.

An overview of the western part of Gozo where the chert outcrops are located.

Chert outcrops: a) and c) bedded chert, and b) and d) nodular chert.

Four characteristic exposures of the Blue Clay formation on Gozo and Malta.

Map of the fault systems, arranged often as northwest—southeast oriented graben, and strike-slip
structures.

Summary of new radiocarbon dating of Neolithic and Bronze Age sites on Gozo and Malta.
Summed radiocarbon ages for the main sediment cores.

The location of the Birzebbuga Ghar Dalam and Bor§ in-Nadur basins and their GNSS-located
GPR lines.

The core locations in Malta and Gozo.

Radiocarbon activity in settlement cores.

The Xemxija 2 core by depth.

The Wied Zembagq 1 and 2 cores by depth.

The Mgarr ix-Xini core by depth.

The Marsaxlokk 1 core and part of 2 by depth.

The resistivity and magnetic susceptibility graphs for Xemxija 1 core.

The resistivity and magnetic susceptibility graphs for Xemxija 2 core.

The multi-element data plots for Xemxija 1 core.

The multi-element data plots for Wied Zembagq 1 core.

The multi-element data plots for Marsaxlokk 1 core.

RUSLE models of soil erosion for the Maltese Islands in September and March.

R and C factors and their product.

Valley catchments and core locations in the Mistra area of Malta.

The modern pollen spectra.

Pollen zonation for the Salina Deep Core.

Pollen zonation for the Salina 4 core.

Pollen zonation for the Wied Zembagq 1 core.

Pollen zonation for the Xemxija 1 core.

Pollen zonation for the pit fills at In-Nuffara.

Pollen and palynofacies from the buried soils below the temple at Santa Verna.

Pollen and palynofacies from Test Pit 1 on the southwestern edge of the Ggantija platform.
Photomicrographs (x800) of key components of the palynofacies at Santa Verna and Ggantija.
Marsaxlokk 1 molluscan histogram.

Wied Zembagq 1 molluscan histogram.

Mgarr ix-Xini molluscan histogram.

Marsa 2 molluscan histogram.

Salina Deep Core molluscan histogram.

Marine molluscan histogram for the Salina Deep Core.

xiii

11
12-13
14

20
22
22
23

24
24
25
26
27
27
28

30
36
36

42
44
48
51
52
54
55
60
60
61
62
63
69
70
79
81
82-3
88-9
92-3
96-7
101
102
104
106
120
122
129
134
138
139



4.7
4.8
5.1
5.2
5.3
5.4

5.5
5.6

5.7

5.8

5.9

5.10
5.11
5.12
5.13
5.14
5.15
5.16
5.17

5.18
5.19
5.20
5.21
5.22
5.23
5.24

6.1
6.2

6.3
6.4
6.5
7.1
7.2a
7.2b
7.3
7.4
7.5
7.6
8.1

8.2
9.1

Xemxija 1 molluscan histogram.
Base of Xemxija 2 molluscan histogram.

Location map of the test excavation/sample sites and geoarchaeological survey areas on Gozo and Malta.

Plan of Santa Verna temple and the locations of the test trenches.

Santa Verna excavation trench profiles all with sample locations marked.

The red-brown buried soil profiles in Trench E, the Ashby and Trump Sondages within the

Santa Verna temple site.

Santa Verna soil photomicrographs.

Plan of Ggantija temple and locations of Test Pit 1 and the WC Trench excavations, with as-dug views
of the WC Trench and TP1.

Section profiles of Ggantija Test Pit 1 on the southwest side of Ggantija temple and the east-west section

of the Ggantija WC Trench on the southeast side.
Ggantija TP 1 photomicrographs.
Ggantija WC Trench 1 photomicrographs.

Section profiles of Trench A at Skorba showing the locations of the micromorphological and OSL samples.

Skorba Trench A, section 1, photomicrographs.

Skorba Trench A, section 2, photomicrographs.

Taé-Cawla soil photomicrographs.

A typical terra rossa soil sequence in Xaghra town at construction site 2.

Xaghra soil photomicrographs.

In-Nuffara photomicrographs.

The Marsalforn (Pr 626) and Ramla (Pr 627) valley fill sequences, with the micromorphology samples
and OSL profiling/dating loci marked.

Ramla and Marsalforn valley profiles soil photomicrographs.

Photomicrographs of the Blue Clay and Greensand geological substrates from the Ramla valley.
Xemxija 1 deep valley core photomicrographs.

Wied Zembagq 1 deep valley core photomicrographs.

Marsaxlokk and Salina Deep Core photomicrographs.

Scrub woodland on an abandoned terrace system and garrigue plateau land on the north coast of Gozo.
Terracing within land parcels (defined by modern sinuous lanes) on the Blue Clay slopes of the

Ramla valley with Xaghra in the background.

The location of the Cambridge Gozo Project survey areas.

Fieldwalking survey data from around A. Ta Kuljat, B. Santa Verna, and C. Ghajnsielem on Gozo
from the Cambridge Gozo survey and the FRAGSUS Project.

The first cycle of Neolithic occupation as recorded by the Cambridge Gozo survey using kernel density
analysis for the Ghar Dalam, Red Skorba and Grey Skorba phases.

The first half of the second cycle of Neolithic occupation as recorded by the Cambridge Gozo survey
using kernel density analysis implemented for the Zebbug and Mgarr phases.

The second half of the second cycle of Neolithic occupation as recorded by the Cambridge Gozo survey
using kernel density analysis for the Ggantija and Tarxien phases.

Kernel density analysis of the Tarxien Cemetery, Borg in-Nadur and Bahrija periods for the areas
covered by the Cambridge Gozo survey.

The evidence for Bronze Age settlement in the Mdina area on Malta.

The evidence for Bronze Age settlement in the Rabat (Gozo) area.

Distribution of Early Bronze Age dolmen on the Maltese Islands.

Distribution of presses discovered in the Mgarr ix-Xini valley during the survey.

The cultural heritage record of the Punic tower in Zurrieq through the centuries.

The changing patterns of social resilience, connectivity and population over the course of the centuries
in the Maltese Islands.

An oblique aerial image of the northern slopes of the Maghtab land-fill site, depicting landscaping efforts

including ‘artificial” terracing.

RUSLE estimates of areas of low and moderate erosion for Gozo and Malta.

a) Sheep being led to their fold in Pwales down a track; b) Sheep grazing along a track on the
Bajda Ridge in Xemxija, Malta.

xiv

144
145
164
166
167

170

172-3

175

176
178
180
183
185
186
189
191
191
193

194
195
199
202
206
210
213

216
224

227
229
232
233
244
245
245
246
248
249
252

256
259

269



9.2

9.3
9.4
9.5

9.6
9.7
9.8
9.9

9.10
9.11

9.12

9.13

10.1
10.2
10.3
10.4
10.5
10.6
10.7

10.8
10.9
10.10
10.11
11.1
11.2
11.3

11.4

A2.1
A22
A2.3
A24
A25
A2.6
A2.7
A28
A29

A2.10
A2.11
A2.12
A2.13
A2.14
A2.15
A2.16
A2.17

Least-cost paths (LCPs), connecting garrigue areas, representing potential foraging routes across the
Maltese landscape.

Density of LCPs connecting garrigue areas to random points within the garrigue areas themselves.
Location of ‘public spaces’, with size proportional to the distance to the nearest garrigue-to-garrigue LCP.
LCPs connecting farmhouses hosting animal pens to randomly generated points within garrigue areas in
northwestern (A) and northeastern (B) Malta.

As for Figure 9.5, but representing west-central and east-central Malta.

As for Figure 9.5, but representing southern and southwestern Malta.

Location of ‘public spaces’, with size proportional to the distance to the nearest outbound journey.

a) Public space at Tal-Wei, between the modern town of Mosta and Naxxar; b) Tal-Wei public space as
represented in 1940s survey sheets.

Approximate location of the (mostly disappeared) rahal toponyms.

Isochrones around farmhouse 4 representing the space that can be covered at 1-hour intervals considering
animal walking speed.

Isochrones around farmhouse 2 representing the space that can be covered at 1-hour intervals considering
animal walking speed (grazing while walking).

a) Isochrones around farmhouse 5 representing the space that can be covered at 1-hour intervals;

b) Isochrones around farmhouse 6; c) Isochrones around farmhouse 7.

The likely distribution of built-up and cave-dwellings in the second half of the fourteenth century.

The lower frequency of settlement distribution by c. Ap 1420.

The distribution of settlements just before Ap 1530.

The late medieval Falson Palace in Mdina.

A girna integral with and surrounded by stone dry walling.

A hovel dwelling with a flight of rock-cut steps.

The hierarchical organisation of settlements continued, with the addition of Valletta, Floriana and the
new towns around Birgu.

An example of a seventeenth century townhouse with open and closed timber balconies.

An example of a two-storey razzett belonging to a wealthier peasant family.

The distribution of built-up settlements in about Ap 1900.

An example of a Neo-Classical house.

Summary of tree and shrub pollen frequencies at 10 sample sites.

Summary of cereal pollen frequencies at 14 sample sites.

Schematic profiles of possible trajectories of soil development in the major geological zones of Malta
and Gozo.

The main elements of a new cultural-environmental story of the Maltese Islands throughout the last
10,000 years.

Marsalforn valley, Gozo.

Marsalforn valley, Gozo.

Ramla valley, Gozo.

Ggantija Test Pit 1, Gozo.

Skorba Neolithic site; trench A, East section; trench A, South section.

Skorba, Trench A, South section.

Tal-Istabal, Qormi, Malta.

Tal-Istabal, Qormi, Malta.

Photograph, showing locations of profile sample and OSL tubes, and luminescence-depth profile,

for the sediment stratigraphy sampled in profile 1.

Photograph, and luminescence-depth profile, for the sediment stratigraphy sampled in profile 3.
Photograph, and luminescence-depth profile, for the sediment stratigraphy sampled in profile 2.
Photograph, and luminescence-depth profile, for the sediment stratigraphy sampled in profiles 4 and 6.
Photograph, and luminescence-depth profile, for the sediment stratigraphy sampled in profile 5.
Apparent dose and sensitivity for laboratory OSL and IRSL profile measurements for SUTL2916 (P1).
Apparent dose and sensitivity for laboratory OSL and IRSL profile measurements for SUTL2920 (P2).
Apparent dose and sensitivity for laboratory OSL and IRSL profile measurements for SUTL2913 (P3).
Apparent dose and sensitivity for laboratory OSL and IRSL profile measurements for SUTL2924 (P4).

XV

271
272
273

274
274
275
276

277
279

280

281

282
286
286
288
289
290
291

295
296
297
299
301
304
305

311

317
360
361
361
361
362
362
364
364

365
365
366
366
367
370
370
370
370



A2.18
A2.19
A2.20
A221
A2.22
A2.23
A2.24
A2.25
SB.1
SB.2
SB.3
SB.4
SB.5
SB.6
SB.7
SB.8
SB.9
SB.10
SB.11
SB.12
SC.1
SC.2
SC.3
SC4
SC.5
SC.6
SC.7
SC.8
SC.9
SC.10
SC.11
SC.12
SD.1
SD.2
SD.3
SD.4
SD.5
SD.6

Tables

1.1
2.1
2.2

2.3
24
2.5
2.6
2.7
2.8
2.9

3.1

Apparent dose and sensitivity for laboratory OSL and IRSL profile measurements for SUTL2929 (P5).
Apparent dose and sensitivity for laboratory OSL and IRSL profile measurements for SUTL2928 (P6).
Apparent dose and sensitivity for laboratory OSL and IRSL profile measurements for SUTL2931 (P7).

Probability Distribution Functions for the stored dose on samples SUTL2914 and 2915.
Probability Distribution Functions for the stored dose on samples SUTL2917-2919.
Probability Distribution Functions for the stored dose on samples SUTL2921-2923.
Probability Distribution Functions for the stored dose on samples SUTL2925-2927.
Probability Distribution Function for the stored dose on sample SUTL2930.

Dose response curves for SUTL2914.

Dose response curves for SUTL2915.

Dose response curves for SUTL2917.

Dose response curves for SUTL2918.

Dose response curves for SUTL2919.

Dose response curves for SUTL2921.

Dose response curves for SUTL2922.

Dose response curves for SUTL2923.

Dose response curves for SUTL2925.

Dose response curves for SUTL2926.

Dose response curves for SUTL2927.

Dose response curves for SUTL2930.

Abanico plot for SUTL2914.

Abanico plot for SUTL2915.

Abanico plot for SUTL2917.

Abanico plot for SUTL2918.

Abanico plot for SUTL2919.

Abanico plot for SUTL2921.

Abanico plot for SUTL2922.

Abanico plot for SUTL2923.

Abanico plot for SUTL2925.

Abanico plot for SUTL2926.

Abanico plot for SUTL2927.

Abanico plot for SUTL2930.

Apparent ages for profile 1, with OSL ages.

Apparent ages for profile 2, with OSL ages.

Apparent ages for profile 3, with OSL ages.

Apparent ages for profiles 4 and 6, with OSL ages.

Apparent ages for profile 5, with OSL ages.

Apparent ages for profile 7.

Description of the geological formations found on the Maltese Islands.

The cultural sequence of the Maltese Islands (with all dates calibrated).

Quartz OSL sediment ages from the Marsalforn (2917-2919) and Ramla (2921-2923) valleys,

the Skorba temple/buried soil (2925-2927) and Tal-Istabal, Qormi, soil (2930).

Dating results for positions in the sediment cores.

Summary stratigraphic descriptions of the sequences in the deep core profiles.

Mean sediment accumulation rates per area versus time for the deep cores.

Radiocarbon measurements and AR values from early twentieth century marine shells from Malta.
Calibrated AMS **C dates of charred plant remains from Santa Verna palaeosol, Gozo.

Physical properties of the catchments.

Normalized Diffuse Vegetation Index (NDVI) for the catchments in 2014-15 and average rainfall data
for the weather station at Balzan for the period 1985 to 2012.

Semi-natural plant communities in the Maltese Islands.

XVi

371
371
371
374
374
375
375
376
385
385
386
386
387
387
388
388
389
389
390
390
391
391
392
392
392
393
393
393
394
394
394
395
397
397
398
398
399
399

21
37

40
45
57
64
65
68
68

69
76



3.2

3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
4.1

4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
5.1
5.2
5.3

5.4

5.5

5.6

5.7

5.8

5.9
5.10

5.11
5.12

5.13

5.14
5.15
5.16
5.17

8.1
8.2
11.1

Attribution of pollen taxa to plant communities in the Maltese Islands and more widely in the Central
Mediterranean.

Characteristics of the taphonomic samples from on-shore and off-shore Mistra Valley, Malta.

The pollen zonation of the Salina Deep Core with modelled age-depths.

The pollen zonation of the Salina 4 core with modelled age-depths.

The pollen zonation of the Wied Zembaq 1 core with modelled age-depths.

The pollen zonation of the Xemxija 1 core with modelled age-depths.

The pollen zonation of the fill of a Bronze Age silo at In-Nuffara, Gozo.

Summary of the pollen analyses of the buried soil below the Santa Verna temple structure.

Summary of the pollen analyses from the buried soil in Ggantija Test Pit 1.

Activity on Temple sites and high cereal pollen in adjacent cores.

List of freshwater molluscs and land snails found in the cores, habitat requirement, palaeontological
record and current status and conservation in the Maltese Islands.

Molluscan zones for the Marsaxlokk 1 core (MX1).

Molluscan zones for the Wied Zembagq 1 core (WZ1).

Molluscan zones for the Wied Zembagq 2 core (WZ2).

Integration of molluscan zones from the Wied Zembagq 1 and 2 cores.

Molluscan zones for the Mgarr ix-Xini 1 core (MGX1).

Molluscan zones for the Marsa 2 core (MC2).

The non-marine molluscan zones for the Salina Deep Core (SDC).

Molluscan zones for the Salina Deep Core (SDC).

Molluscan zones for the Xemxija 1 core (XEM1).

Molluscan zones for the Xemxija 2 core (XEM?2).

Correlation and integration of molluscan data from Xemxija 1 (XEM1) and Xemxija 2 (XEM2).
Micromorphology and small bulk sample sites and numbers.

Summary of available dating for the sites investigated in Gozo and Malta.

pH, magnetic susceptibility, loss-on-ignition, calcium carbonate and % sand/silt/clay particle size
analysis results for the Ggantija, Santa Verna and the Xaghra town profiles, Gozo.

Selected multi-element results for Ggantija, Santa Verna and Xaghra town buried soils, and the
Marsalforn and Ramla valley sequences, Gozo.

Summary of the main soil micromorphological observations for the Santa Verna, Ggantija and the
Xaghra town profiles, Gozo.

pH, magnetic susceptibility and selected multi-element results for the palaeosols in section 1, Trench A,
Skorba.

Loss-on-ignition organic/carbon/calcium carbonate frequencies and particle size analysis results for the
palaeosols in section 1, Trench A, Skorba.

Summary of the main soil micromorphological observations of the buried soils in sections 1 and 2,
Trench A, Skorba.

Summary of the main soil micromorphological observations of the possible buried soils at Ta¢-Cawla.
Field descriptions and micromorphological observations for the quarry and construction site profiles in
Xaghra town.

Sample contexts and micromorphological observations for two silo fills at In-Nuffara.

Summary of the main soil micromorphological observations from the Ramla and Marsalforn valley fill
profiles.

Main characteristics of the Upper and Lower Coralline Limestone, Globigerina Limestone, Blue Clay
and Greensand.

Summary micromorphological descriptions and suggested interpretations for the Xemxija 1 core.
Summary micromorphological descriptions and suggested interpretations for the Wied Zembagq 1 core.
Summary micromorphological descriptions and suggested interpretations for the Marsaxlokk 1 core.
Summary micromorphological descriptions and suggested interpretations for the base zone of the base
of the Salina Deep Core.

Carrying capacity estimates for the Neolithic/Temple Period of the Maltese Archipelago.

Summary of population changes in the Maltese Archipelago.

Summary of the environmental and vegetation changes in the Maltese Islands over the longue durée.

xvii

77
80
84
90
94
98
103
103
105
105

118
121
123
125
128
130
135
140
142
146
148
151
162
163

168

169

181

184

184

188
189

190
192

196

197
200
207
209

211
258
261
306



11.2
11.3
11.4
A2.1

A22
A23
A24
A25
A2.6
A2.7
A28
A29
SA.1

SA.2
SA.3
SA4
SA.5

A3l
A3.2
A3.3
A34
A35
A3.6
A3.7
A3.8
A3.9
A3.10
A3.11
A3.12
A4.1
A4.2
A4.3
Ad44
A45
A4.6
A4.7
A4.8
A5.1
A5.2
A5.3
A54
A5.5
A5.6
A5.7
A5.8
A5.9
A8.1
A8.2
A8.3
A8.4
A9.1

Summary of events revealed by the molluscan data in the deep cores. 309
Major phases of soil, vegetation and landscape development and change during the Holocene. 312
Occurrence of gypsum in FRAGSUS cores and contemporary events. 314
Sample descriptions, contexts and archaeological significance of the profiling samples used for initial

screening and laboratory characterization. 358
Sample descriptions, contexts and archaeological significance of sediment samples SUTL2914-2930. 360
Activity and equivalent concentrations of K, U and Th determined by HRGS. 368
Infinite matrix dose rates determined by HRGS and TSBC. 368
Effective beta and gamma dose rates following water correction. 369
SAR quality parameters. 369
Comments on equivalent dose distributions of SUTL2914 to SUTL2930. 372
Quartz OSL sediment ages. 372
Locations, dates and archaeological significance of sediment samples SUTL2914-2930. 373
Field profiling data, as obtained using portable OSL equipment, for the sediment stratigraphies examined

on Gozo and Malta. 379
OSL screening measurements on paired aliquots of 90-250 um 40% HF-etched ‘quartz’. 380
OSL screening measurements on three aliquots of 90-250 um 40% HF-etched ‘quartz’ for SUTL2924. 382
IRSL screening measurements on paired aliquots of 90-250 um 15% HF-etched ‘polymineral’. 382
IRSL screening measurements on three aliquots of 90-250 um 15% HF-etched ‘polymineral’

for SUTL2924. 383
Stratigraphy and interpretation of the Salina Deep Core. 401
Stratigraphy and interpretation of the Salina 4 core. 405
Stratigraphy and interpretation of the Salina 2 core. 407
Stratigraphy and interpretation of the Xemxija 1 core. 408
Stratigraphy and interpretation of the Xemxija 2 core. 411
Stratigraphy and interpretation of the Wied Zembaq 1 core. 413
Stratigraphy and interpretation of the Wied Zembaq 2 core. 413
Stratigraphy and interpretation of the Mgarr ix-Xini core. 414
Stratigraphy and interpretation of the Marsaxlokk core. 416
Stratigraphy and interpretation of the Marsa 2 core. 417
Stratigraphy and interpretation of the Mellieha Bay core. 418
Key to the scheme for the description of Quaternary sediments. 419

Marsa 2.

Mgarr ix-Xini.

Salina Deep Core.

Wied Zembagq 2.

Wied Zembaq 1.

Xemxija 1.

Xemxija 2.

Marsaxlokk 1.

Marsa 2.

Mgarr ix-Xini.

Salina Deep Core non-marine.

Salina Deep Core marine.

Wied Zembagq 2.

Wied Zembaq 1.

Xemxija 1.

Xemxija 2.

Marsaxlokk 1.

Xemxija 1 core micromorphology sample descriptions.
Wied Zembagq 1 core micromorphology sample descriptions.
Marsaxlokk core micromorphology sample descriptions.
Salina Deep Core micromorphology sample descriptions.

The charcoal data from the Skorba, Kordin, In-Nuffara and Salina Deep Core.

xviii

421 (online edition only)
424 (online edition only)
427 (online edition only)
429 (online edition only)
430 (online edition only)
432 (online edition only)
435 (online edition only)
438 (online edition only)
442 (online edition only)
456 (online edition only)
466 (online edition only)
478 (online edition only)
490 (online edition only)
496 (online edition only)
502 (online edition only)
516 (online edition only)
528 (online edition only)

557

559

560

561

563



Preface and dedication

Caroline Malone

The FRAGSUS Project emerged as the direct result
of an invitation to undertake new archaeological
fieldwork in Malta in 1985. Anthony Bonanno of the
University of Malta organized a conference on ‘The
Mother Goddess of the Mediterranean’ in which
Colin Renfrew was a participant. The discussions that
resulted prompted an invitation that made its way to
David Trump (Tutor in Continuing Education, Cam-
bridge University), Caroline Malone (then Curator of
the Avebury Keiller Museum) and Simon Stoddart
(then a post-graduate researcher in Cambridge). We
eagerly took up the invitation to devise a new collab-
orative, scientifically based programme of research
on prehistoric Malta.

What resulted was the original Cambridge Gozo
Project (1987-94) and the excavations of the Xaghra
Brochtorff Circle and the Ghajnsielem Road Neo-
lithic house. Both those sites had been found by local
antiquarian, Joseph Attard-Tabone, a long-established
figure in the island for his work on conservation and
site identification.

Xix

As this and the two other volumes in this series
report, the original Cambridge Gozo Project was the
germ of a rich and fruitful academic collaboration
that has had international impact, and has influenced
successive generations of young archaeologists in
Malta and beyond.

As the Principal Investigator of the FRAGSUS
Project, on behalf of the very extensive FRAGSUS team
I want to dedicate this the first volume of the series
to the enlightened scholars who set up this now 35
year-long collaboration of prehistoric inquiry with our
heartfelt thanks for their role in our studies.

We dedicate this volume to:
Joseph Attard Tabone
Professor Anthony Bonanno

Professor Lord Colin Renfrew

and offer our profound thanks for their continuing
role in promoting the prehistory of Malta.
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Foreword

Anthony Pace

Sustainability, as applied in archaeological research
and heritage management, provides a useful perspec-
tive for understanding the past as well as the modern
conditions of archaeological sites themselves. As often
happens in archaeological thought, the idea of sus-
tainability was borrowed from other areas of concern,
particularly from the modern construct of develop-
ment and its bearing on the environment and resource
exploitation. The term sustainability entered common
usage as a result of the unstoppable surge in resource
exploitation, economic development, demographic
growth and the human impacts on the environment
that has gripped the World since 1500. Irrespective of
scale and technology, most human activity of an eco-
nomic nature has not spared resources from impacts,
transformations or loss irrespective of historical and
geographic contexts. Theories of sustainability may
provide new narratives on the archaeology of Malta
and Gozo, but they are equally important and of
central relevance to contemporary issues of cultural
heritage conservation and care. Though the archae-
ological resources of the Maltese islands can throw
light on the past, one has to recognize that such
resources are limited, finite and non-renewable. The
sense of urgency with which these resources have to
be identified, listed, studied, archived and valued is
akin to that same urgency with which objects of value
and all fragile forms of natural and cultural resources
require constant stewardship and protection. The idea
of sustainability therefore, follows a common thread
across millennia.

It is all the more reason why cultural resource
management requires particular attention through
research, valorization and protection. The FRAGSUS
Project (Fragility and sustainability in small island
environments: adaptation, cultural change and col-
lapse in prehistory) was intended to further explore
and enhance existing knowledge on the prehistory
of Malta and Gozo. The objective of the project as
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designed by the participating institutional partners
and scholars, was to explore untapped field resources
and archived archaeological material from a number
of sites and their landscape to answer questions that
could be approached with new techniques and meth-
ods. The results of the FRAGSUS Project will serve to
advance our knowledge of certain areas of Maltese
prehistory and to better contextualize the archipela-
go’s importance as a model for understanding island
archaeology in the central Mediterranean. The work
that has been invested in FRAGSUS lays the founda-
tion for future research.

Malta and Gozo are among the Mediterranean
islands whose prehistoric archaeology has been
intensely studied over a number of decades. This
factor is important, yet more needs to be done in the
field of Maltese archaeology and its valorization.
Research is not the preserve of academic specialists.
It serves to enhance not only what we know about
the Maltese islands, but more importantly, why the
archipelago’s cultural landscape and its contents
deserve care and protection especially at a time of
extensive construction development. Strict rules and
guidelines established by the Superintendence of
Cultural Heritage have meant that during the last two
decades more archaeological sites and deposits have
been protected in situ or rescue-excavated through a
statutory watching regime. This supervision has been
applied successfully in a wide range of sites located in
urban areas, rural locations and the landscape, as well
as at the World Heritage Sites of Valletta, Ggantija,
Hagar Qim and Mnajdra and Tarxien. This activity
has been instrumental in understanding ancient and
historical land use, and the making of the Maltese
historic centres and landscape.

Though the cumulative effect of archaeological
research is being felt more strongly, new areas of
interest still need to be addressed. Most pressing are
those areas of landscape studies which often become
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peripheral to the attention that is garnered by prom-
inent megalithic monuments. FRAGSUS has once
again confirmed that there is a great deal of value
in studying field systems, terraces and geological
settings which, after all, were the material media in
which modern Malta and Gozo ultimately developed.
There is, therefore, an interplay in the use of the term
sustainability, an interplay between what we can learn
from the way ancient communities tested and used the
very same island landscape which we occupy today,
and the manner in which this landscape is treated in
contested economic realities. If we are to seek factors
of sustainability in the past, we must first protect its
relics and study them using the best available meth-
ods in our times. On the other hand, the study of the
past using the materiality of ancient peoples requires
strong research agendas and thoughtful stewardship.
The FRAGSUS Project has shown us how even small
fragile deposits, nursed through protective legislation
and guardianship, can yield significant information
which the methods of pioneering scholars of Maltese
archaeology would not have enabled access to. As
already outlined by the Superintendence of Cultural
Heritage, a national research agenda for cultural herit-
age and the humanities is a desideratum. Such a frame-
work, reflected in the institutional partnership of the
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FRAGSUS Project, will bear valuable results that will
only advance Malta’s interests especially in today’s
world of instant e-knowledge that was not available
on such a global scale a mere two decades ago.

FRAGSUS also underlines the relevance of
studying the achievements and predicaments of past
societies to understand certain, though not all, aspects
of present environmental challenges. The twentieth
century saw unprecedented environmental changes
as a result of modern political-economic constructs.
Admittedly, twentieth century developments cannot
be equated with those of antiquity in terms of demog-
raphy, technology, food production and consumption
or the use of natural resources including the uptake
of land. However, there are certain aspects, such as
climate change, changing sea levels, significant envi-
ronmental degradation, soil erosion, the exploitation
and abandonment of land resources, the building and
maintenance of field terraces, the rate and scale of
human demographic growth, movement of peoples,
access to scarce resources, which to a certain extent
reflect impacts that seem to recur in time, irrespec-
tively of scale and historic context.

Anthony Pace
Superintendent of Cultural Heritage (2003-18).



Chapter 1

The geology, soils and present-day environment
of Gozo and Malta

Petros Chatzimpaloglou, Patrick J. Schembri, Charles French,
Alastair Ruffell & Simon Stoddart

This chapter sets the scene in terms of the geology and
present-day climate, vegetation and soils of the Maltese
Islands. Geology and faulting has had a huge influence
on topography, soils and vegetation, and in turn on the
nature of human use and exploitation of the islands.
All of these themes are further developed below (and
in FRAGSUS Volumes 2 and 3), giving time-depth to
the sequences of climatic, environmental and landscape
changes throughout the Holocene.

1.1. Previous work

The geological formations of Maltese Islands received
little attention from scholars before the nineteenth
century Ap, in common with other parts of Europe.
Nonetheless, ancient Greek authors made the first
surviving references to fossils found elsewhere in the
Mediterranean (e.g. Xenophanes of Colophon, born
about 570 Bc and Origen, ap 185-254). A number of
early advances in the stratigraphic study of geology
were made by British scholars such as Smith (1769-
1839), following the incorporation of Malta into the
British Empire in 1800, when the focus and expertise
on geological stratification commenced. Commander
Thomas Abel Brimage Spratt made the first compre-
hensive geological descriptions of the islands, including
the identification of chert outcrops (Spratt 1843, 1854).
He was followed by John Murray who produced a
review of the geology of the islands in 1890 (Murray
1890). His work was focused on oceanic sedimentation,
an expertise he gained on the Challenger Expedition
(1872—-6) and his interpretations demand respect,
even if they are not entirely correct. Murray’s work
stimulated John Henry Cooke, an expatriate teacher
of English, to produce a series of detailed and highly
considered studies on individual geological features
(Cooke 1891, 1893a—c, 1896a—c). They included the only
accurate, comprehensive macroscopic investigation of
the chert outcrops of the Maltese Islands (Cooke 1983b),
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which was considered very high-quality research at the
time. They presented a high level of detail and largely
accurate interpretation in contrast to more generic
geological work of the time (Zammit Maempel 1977;
Gatt 2006a & b, and references therein).

Research on the geology of the Maltese Islands con-
tinued during the twentieth century, when researchers
focused on a range of features. A typical example was
Hobbs (1914), who interpreted and described many
of the faults and structures of the islands. In addition,
substantial detailed information on the structure of
the islands is contained in the study of water resources
by Morris (1952) and Newbery (1968). The recent
long-term research of Martyn Pedley is of particular
significance as he has observed and published on the
full spectrum of Maltese geology (Pedley 1974, 1975,
1978, 1993, 2011; Pedley et al. 1976, 1978, 2002). This
includes a modern geological map of the Maltese
Islands (Pedley 1993) which is still the basis of the pres-
ent official geological maps published by the Maltese
Government (https://continentalshelf.gov.mt/en/Pages/
Geological-Map-of-the-Maltese-Islands.aspx). Pedley’s
work and that of other contemporary workers, laid
the foundations for the modern study of the geology,
geomorphology and palaeoenvironment of the islands
(Pedley & Bennett 1985; Pedley et al. 2002; John et al. 2003;
Magri 2006; Follmi et al. 2008; Gruszczynsk et al. 2008;
Baldassini & Di Stefano 2015; Galea 2019; Scerri 2019;
and references therein). More recently there has been a
focus on the now submerged continental shelf around
the Maltese Islands associated with pre-Holocene
archaeological and palaeoenvironmental investigations
around the coasts (Hunt 1997; Micallef et al. 2013; Foglini
et al. 2016; Harff et al. 2016; Prampolini et al. 2017).

1.2. Geography

Malta is made up of a small group of three principal
islands — Malta, Gozo, Comino, and a number of minor
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islets and rocks (Fig. 1.1), with a total land surface
of 316.75 sq. km. It is characterized by high hills or
plateaux (Ta” Dmejrek on Malta is 253 masl and Ta’
Dbiegi on Gozo is 187 masl) separated by deeply
incised valleys which are characteristically orientated
southwest-northeast. Much of the remaining non-ur-
ban landscape is dominated by agricultural land with
terraced fields on hilly ground to the north of Malta
and on Gozo. Although past water bodies have been
reported on the surface of the islands, there are today
no lakes, rivers or permanent streams, and only some
springs and coastal wetland areas.
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Malta and Gozo are the largest islands (respec-
tively 245.86 sq. km and 67.1 sq. km), while Comino
and Cominotto, which are found in the narrow channel
between the main islands, are smaller at 2.8 sq. km
and 0.1 sq. km (9.9 ha), respectively. The Maltese
Islands lie at the centre of the Mediterranean Sea, with
a southeast-northwest orientation, between Sicily
and the North African coast (Fig. 1.1). They are far
from any mainland, located c. 96 km south of Sicily,
about 300 km east of Tunis and 290 km north of the
Libyan coast (Cassar et al. 2008; Schembri, P.J. 2019).
In spite of their small size, these islands occupy a very

Greece

Geotectonic borderline

East Mediterranean Sea

West Mediterranean Sea

Figure 1.1. The location of the Maltese Islands in the southern Mediterranean Sea with respect to Sicily and North

Africa (P. Chatzimpaloglou).
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significant location within the broader Mediterranean
region (Stoddart 1999). Their location in the Sicilian
Channel, the main navigational seaway connection
between the eastern and western Mediterranean, with
the presence of exceptional natural harbours, gave the
Maltese Islands an indisputable strategic importance
(Blouet 1984; Pedley et al. 2002).

1.3. Geology

It is difficult to distinguish when exactly the basin
which contains the Maltese Islands began to form. Some
authors place this at 150 million years (when Pangea
began to break into continents), whilst others suggest
100 million years ago (when Europe split from North
America and started moving towards North Africa)
(Pedley 1974; Puglisi 2014). Regardless of exactly when
this occurred, the progressive approach of the European
and African continents transformed the intermediate
zone (Tethys seaway) between them, the forerunner
of the present day Mediterranean Sea, and created the
foundations of the central Mediterranean where the
Maltese Islands are located. This, however, was not
a simple process, but included a variety of complex
movements and caused many stresses to the continents’
margins. Moreover, the oceanic crust at the margin
of the African continental plate that has subducted
beneath the Eurasian plate brought up ocean sediments
and slivers of ocean crust to form mountainous coasts
or islands, with associated volcanism and orogeny
(Pedley 1974; Galea 2007; Puglisi 2014). The African
plate is still moving towards the Eurasian plate today.
The Maltese Islands have a key position in this envi-
ronment as they lie in what was originally a shallow
sea (depth below 200 m) at the junction of the western
and eastern Mediterranean basins (Fig. 1.1). This area
called the “Sicilian-Tunisian Platform,” and also known

as the ‘Pelagian Block,” represents the foreland margin
of the African continental plate and consists of massive
marine carbonate deposits (Pedley 1974). Extensional
tectonics and the associated uplifting in the central parts
of the Pelagian Block as a result of the development of
the Pantelleria Rift System in the Late Miocene gave rise
to what today are the Maltese Islands to the northeast
and the island of Lampedusa to the southwest of the
rift (Reuther & Eisbacher 1985; Dart et al. 1993; Galea
2007, 2019). This rifting also resulted in deep trenches
(grabens) between the Maltese and Lampedusa islands,
accounting for the deep water to the east and southeast
of Malta in an otherwise shallow sea.

Inevitably, the location of the Maltese Islands in
this broader geological environment has shaped the
type of rock formations found on them. Maltese rocks
are composed almost entirely of shallow to medi-
um-depth marine sedimentary formations, mainly of
the Oligo-Miocene age (c. 30-5 ma Br) with a variety
of scattered freshwater and terrestrial deposits of lim-
ited extent and rare brackish and marine deposits of
Quaternary age. The Oligo-Miocene marine sediments
are most comparable with the mid-Tertiary carbonate
limestones occurring in the Ragusa region of Sicily
to the north, in the Pelagian Islands and in the Sirte
Basin of Libya to the south (Pedley et al. 1978; Schem-
bri 1994). There are five main rock formations, which
are present in a simple succession with a number of
hiatuses (Oil Exploration Directorate 1993; Pedley et al.
1976, 2002; Zammit Maempel 1977; Galea 2019; Scerri
2019). These, starting from the bottom, are: a) the Lower
Coralline Limestone, b) the Globigerina Limestone, c)
the Blue Clay, d) Greensand and e) the Upper Coral-
line Limestone (Figs. 1.2 & 1.3; Table 1.1). The Lower
Coralline Limestone, Globigerina Limestone, and
Upper Coralline Limestone are in turn composed of
a number of members.

Table 1.1. Description of the geological formations found on the Maltese Islands.

Geological time
(youngest to oldest) Formation Description Thickness
Miocene Upper Coralline Shallow marine limestone with abundant coral-algal 0.70-175 m; moderate to
Limestone mounds and reefs, commonly altered to micrite and very high permeability
sparite (especially where karstified)
Greensand Friable, glauconitic argillaceous sandstone, moderate 0.5-15m
permeability
Blue Clay Massive to bedded grey/blue shallow marine/offshore | 50-75 m
calcareous claystones with occasional to abundant
marine fossils. Impermeable or an aquiclude
Globigerina Shallow marine, calcareous mudrocks with abundant | 20-227 m
Limestone fossils, poor permeability, phosphatized hardgrounds
Oligocene Lower Coralline Shallow marine limestones with spheroidal algal 100-140 m
Limestone structures, abundant echinoid fossils. Well-cemented
and permeable
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Figure 1.3. Geological map of the Maltese Islands (P. Chatzimpaloglou, adapted from Pedley 1993).
22



The geology, soils and present-day environment of Gozo and Malta

Although the geology of the islands appears
rather simple with a similar stratigraphy, each forma-
tion, and, where present, its members, present different
characteristics reflecting their depositional settings
(Fig. 1.3). The stratigraphy of Malta is juxtaposed by
normal faults, arranged as graben and half-graben.
Gozo is structurally less complex with a ‘layer-cake’
stratigraphy, but has a more varied geology than
Malta. The centre of Gozo is dominated by the Upper
Coralline Limestone, resting on Blue Clay, where the
Globigerina Limestone and Lower Coralline Limestone
outcrops in coastal locations and the base of some
valleys. Here erosion has occurred low enough in the
succession to expose these formations and table-top
plateaux or mesas of weathered and eroded Upper
Coralline Limestone. Finally, Comino and its satellite
islands are composed of only the highest layers of the
Upper Coralline Limestone Formation.

1.4. Stratigraphy of the Maltese Islands

1.4.1. Lower Coralline Limestone Formation

The Lower Coralline Limestone is the oldest exposed
rock formation on the Maltese Islands. It is a hard, pale
grey limestone and contains beds with fossils such as
corals and marine calcareous algae. Outcrops of this
limestone are mainly restricted to coastal sections along
the western coasts of Malta and Gozo (Fig. 1.4). It can be
up to 140 m thick, forms sheer cliffs particularly on the
southwest coasts of the islands because of the islands’
tilt and its base cannot be seen above sea level. When
found inland, this formation forms barren grey lime-
stone-platform plateaux on which karstland develops
(Schembri 1997), as for example those found in the west

of Gozo (Fig. 1.5). The rocks comprising this formation
are all indicative of having been laid down in a shallow
sea and can be sub-divided into five different facies' of
limestones (Pedley et al. 2002). These facies are: a) the
Reef Limestone (Wied Maghlaq), b) the fine-grained
Shallow Lime Muds (Attard), c) the cross-bedded
Lime Sands (Xlendi), d) the Foraminiferal Limestones
and e) the ‘Scutella Bed’ (Il-Mara) (see Gauci 2019 for
detail). Felix (1973) suggested that the deposition of
the Lower Coralline Limestone had initially been in a
shallow gulf-type environment. In addition, succeeding
beds provided evidence of increasingly open marine
conditions during which algal rhodolites developed.
Finally, a shallow marine shoal environment followed
and was the dominant environment in all areas except
southeastern Malta. In this area, calmer conditions
prevailed in a protected deeper water environment
(Pedley et al. 1976).

1.4.2. Globigerina Limestone Formation

The Globigerina Limestone Formation is a softer,
yellowish fine-grained limestone that forms irregular
slopes (Fig. 1.6) and is the most extensively exposed
formation on these islands (Schembri 1997). It is named
after Globigerina, a microscopic planktonic foraminifera,
which is abundant in this formation. The Globigerina
Limestone varies in thickness from some 20 to c. 227 m
(Fig. 1.2), a characteristic which possibly signifies the
onset of the warping of the sea bed and possibly the
formation of depressions because of the collapse of
the sea bed above underlying caverns (Pedley et al.
2002). The lithology and fossils in the rock show that
this formation was originally deposited in deeper
water between 40 and 150 m below the influence of

Figure 1.4. Typical coastal outcrops of Lower Coralline Limestone, forming sheer cliffs (P. Chatzimpaloglou).
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Figure 1.5. Characteristic geomorphological features developed on the Lower Coralline Limestone in western Gozo
(Dwerja Point). The picture shows different sub-circular collapsed karstic features (a & b), while the green arrow points
to the location of the chert outcrops (image © 2017 Google).

wave action (Felix 1973). The unexpected occurrence The Globigerina Limestone is divided into three
of the planktonic foraminiferans, such as Globigerina, members (Upper, Middle and Lower Globigerina Lime-
in this shallow-water depositional environment may stone) separated by two main phosphatic conglomerate

be explained by a drift that brought these organisms  beds (referred as the Lower Phosphorite Conglomerate
into this shallower basin from the surrounding deeper Bed C1 and the Upper Phosphorite Conglomerate Bed
water seas. C2), which do not exceed one metre in thickness (Fig.

Figure 1.6. The Middle Globigerina Limestone at the Xwejni coastline. It is one of the biggest outcrops of this unit
and the orange lines highlight the two conglomerate layers, which are clearly presented in this location, and signify the
transition to the Upper and Lower Globigerina units (P. Chatzimpaloglou).
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1.2); other minor phosphatic layers also occur (Baldassini
& Di Stefano 2015). The upper and lower members
have a pale yellow colour, while the middle member
is pale grey (Fig. 1.6). The latter unit is considered to
have been deposited during the time that the central
Mediterranean Sea basin reached its deepest level.
This could also explain the presence of chert outcrops,
which have been found intercalating with the Middle
Globigerina Limestone (Fig. 1.7).

The two conglomerate layers show evidence of
erosion phases through the incorporation of many
pebbles of brown-coloured limestones (Pedley et al.
2002). In addition, their presence indicates that the sea
basin was influenced by water agitation and that the
sea levels had probably fallen during their deposition.
The colour of these layers is attributed to the high
concentration of francolite (a phosphatic mineral) in
the cements. The significant presence of this mineral
suggests that the water streaming over the shallow sea
bed at the time of deposition was rising from greater
depths as an ‘up-welling’ current which was coming
from the depths of the western Mediterranean basin
and passing eastwards (Pedley et al. 2002). These inputs

Ras ir-Raheb

may also have been supplying material during the
deposition of the Middle Globigerina Limestone that
contributed to the formation of the chert outcrops.

The fine-grained particles comprising the Upper
and Lower Globigerina Limestone members are only
lightly cemented and therefore are easily worked as
building stone. Indeed, the Lower Globigerina Lime-
stone member, called ‘franka’ in Maltese, has proven
to be the most suitable building stone available on
the islands. This is related to its uniform texture and
explains why most of the buildings of the Maltese
Islands, until recently, were built from this unit. Its
texture, in addition to its extensive exposure on Malta
and Gozo, has contributed to the smoothing of the
topography of the islands. The thin fine sandy/silt
loam soils developed on this formation are intensively
cultivated and terraced.

1.4.3. Chert outcrops

The existence of chert outcrops has been long reported
(Cooke 1893a), but little is known about their charac-
teristics and the conditions under which they formed.
Archaeological research has revealed that these chert

LA
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Figure 1.7. An overview of the area investigated in western Malta. It presents the locations of chert outcrops (yellow
lines) and the areas investigated during fieldwork (green lines) (image © 2017 Google).
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Figure 1.8. The end of the major fault system of Malta (Victoria Lines) at Fomm Ir-Rih, with chert outcrops to either
side (P. Chatzimpaloglou).

rocks were used by the prehistoric inhabitants (Malone
et al. 2009a; Vella 2009). The Middle Globigerina Lime-
stone member has extensive exposures in both islands
of Malta and Gozo, but not all of them present chert
outcrops. Recent fieldwork has revealed that chert
outcrops were present only on the western parts of
both islands in bedded form (Chatzimpaloglou 2019;
Chatzimpaloglou et al. 2020).

The main chert outcrops on Malta were located in
the Fomm ir-Rih Bay area at the end of the Great Fault
(Fig. 1.8), which is a major tectonic feature of Malta, and
are considered more extensive than those on Gozo. The
chert outcrops on Gozo were found at Dwejra Point,
close to Fungus Rock (Fig. 1.9). The area is character-
ized by massive karstic features which could have been
enhanced by past tectonic activity. The investigation of
both exposures showed that nodular chert was present
at the top and bottom of the unit, while bedded chert
and/or silicified limestone were found in the middle
part of the unit (Fig. 1.10). Generally, the outcrops
present similar macroscopic characteristics with the
bedded outcrops and have a higher concentration of
carbonate material than the nodules.

1.4.4. Blue Clay Formation

The Blue Clay Formation is a very soft formation which
generally forms either as low or rounded slopes when
exposed on the surface or as very steep slopes where it
cascades over the underlying Globigerina Limestone
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(Pedley et al. 1976, 2002). The thickness of the for-
mation ranges from 50 to 70 m (at Fomm ir-Rih Bay)
(Fig. 1.11). Although the Blue Clay has macroscopic
differences from the Globigerina Limestone, they
have very similar characteristics at least to the Upper
Globigerina member. The Blue Clay is composed of
very fine-grained sediments, with a large proportion
of them of foraminiferal origin. This suggests that this
formation was deposited in a similar deep-sea deposi-
tional setting to the Globigerina Limestone (Pedley et
al. 2002) and it can be regarded as a continuation of the
Upper Globigerina Limestone member sedimentation
in which clay material of terrigenous origin became
progressively incorporated (Scerri 2019).

Basically, the main factor that distinguishes the
Blue Clay Formation from most of the Globigerina
Limestone is the presence of clay minerals. This
clay content can only have come from a land source,
although the possibility that part of the clay fraction
originates from volcanic ash of an active volcano
should not be excluded (Pedley et al. 2002). The qual-
ity of clay material mixed with the plankton-derived
calcium carbonate detritus prevented the formation
from reaching the same level of hardness as the lime-
stones. The Blue Clay is the softest rock formation of
the Maltese Islands and produces most of the fertile
and water retentive soils found across Gozo and Malta,
provided there is the level of plough technology to
work these heavier soils. This would have been more
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Figure 1.9. An overview of the western part of Gozo where the chert outcrops are located. The yellow line orientates
the internal valley, closer to Fungus Rock, the location of the chert outcrops (blue rectangle), and the areas investigated
during fieldwork (red lines) (image © 2017 Google).

Figure 1.10. Chert outcrops: bedded chert (a & c), and nodular chert (b & d) (P. Chatzimpaloglou).
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Figure 1.11. Four characteristic exposures of the Blue Clay formation on Gozo and Malta (P. Chatzimpaloglou).

likely in Roman and later historical times (Margari-
tis & Jones 2008). It is also the basis of the perched
aquifer as it forms an aquiclude to the porous rocks
above. This perched aquifer was practically the only
source of freshwater, apart from surface run-off, on
the islands up to the British Period because of the
springs that originated from it at the level of the Blue
Clay-Greensand/Upper Coralline Limestone interface
(Cassar et al. 2008). The upper parts of the formation
show an increase in brown phosphatic sand grains
and green grains of the complex mineral glauconite.

1.4.5. Greensand Formation

The Blue Clay transitions into the Greensand Formation
with the Upper Coralline Limestone above (Pedley
et al. 2002). The outcrops of this formation, when
they are present, are very thin and only in Gozo do
they exceed 11 m (i.e. 11 m at II-Gelmus). The freshly
exposed outcrops, mainly in man-made deep cuts,
have a characteristic greenish colour influenced by
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the presence of glauconite (a complex, silicate based
mineral). In contrast, the weathered exposures have
an orange-brown colour formed by the oxidation
products of this mineral. These Greensand outcrops
represent the residue of a long period of submarine
erosion and winnowing of sediments, probably related
to the uplift of the Maltese area on the north flank of the
Pantelleria Rift. Where present, the top part of the for-
mation passes transitionally into the overlying Upper
Coralline Limestone Formation. This same upper part
of the formation, lying above the Blue Clay, acts as an
important point of water seepage and springs in the
stratigraphy of the Maltese Islands.

1.4.6. Upper Coralline Limestone Formation

The Upper Coralline Limestone Formation is situated
at the top of the stratigraphic sequence of the Maltese
Islands. Itis a hard, pale grey limestone, similar to the
Lower Coralline Limestone Formation. This limestone
forms sheer cliffs of varying height and includes a
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similar content of fossils such as corals and coralline
alga. It can be up to c. 170 m thick (Fig. 1.4), although it
also forms thin hill cappings and limestone platforms
(Schembri 1997). Karstic geomorphological features
have been reported on this formation (Fig. 1.4), but not
at the same scale as for the Lower Coralline Limestone.
The Upper Coralline Limestone is mostly comprised
of shallow marine sediments deposited in different
marine or intertidal environments and it generally
comprises four members (oldest first): Ghajn Melel,
Mtarfa, Tal-Pitkal and Gebel Imbark (Pedley 1978).
The Upper Coralline Limestone is the only formation
exposed on Comino and Cominoto, while it is fully
developed in western Malta and eastern Gozo (Pedley
et al. 2002).

1.4.7. Quaternary deposits

Although the main marine sedimentation processes
ended between the Miocene and Pliocene, there are
a variety of post-Miocene Quaternary deposits of
limited areal extent scattered throughout the islands
(Trechmann 1938; Pedley et al. 1976; Hunt 1997; Hunt
& Schembri 1999). The best studied of these are the
cave and fissure infilling sediments because of their
at times abundant fossil vertebrate remains, which
provide insights into the climatic conditions and pal-
aeoenvironment at the time of deposition (see Hunt &
Schembri 1999 and references therein). Other types of
Quaternary deposits include marine highstand depos-
its, freshwater lake deposits, fluvial conglomerates
and alluvial fan deposits, slope deposits, breccias and
blown sand (aeolian) deposits.

Initial colonization of the islands by terrestrial
biota is thought to have taken place during the Messin-
ian Salinity Crisis when the central Mediterranean was
mostly dry land connecting North Africa to Sicily and
Europe (Hunt & Schembri 1999; Schembri 2003; Cassar
et al. 2008). Following the refilling of the Mediterranean
during the Zanclean, the Maltese Islands were isolated
until the Pleistocene glaciations when they may have
become connected to Sicily (but not to North Africa)
during lowstands or, if not connected, to have been
separated by a channel much narrower than at present
because of low sea levels. This facilitated further waves
of colonization of the islands by biota able to disperse
over the land bridge or across the narrowed channel
(Thake 1985a; Hunt & Schembri 1999; Schembri 2003;
Cassar et al. 2008).

Based on a comparative study of the Maltese fossil
Pleistocene fauna recovered from Quaternary deposits
with that of the Sicily and the Italian mainland, Hunt
and Schembri (1999) have postulated three main waves
of colonization of the Maltese Islands by biota: an
early influx during a marine regression in the Lower
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Pleistocene-early Middle Pleistocene (Oxygen Isotope
Stage 16: 690,000 years Br), a series of influxes during
the marine regressions of the late Middle Pleistocene
(between Oxygen Isotope Stage 12: 490,000 years P
and Stage 8: 300,000 years Bp), and a final influx during
the sea level low-stand of the Last Glacial Maximum
(Oxygen Isotope Stage 2: 22,000-17,000 years Bp) when
sea level fell by 120-130 m and probably connected the
Maltese Islands with Sicily via a land bridge. After this
the Maltese Islands gradually attained more or less
their present configuration and coastline as sea levels
rose (Furlani et al. 2013).

1.5. Structural and tectonic geology of the Maltese
Islands

Tectonics have affected the geography and geomor-
phology of the Maltese Islands (Galea 2019). The main
geological formations essentially lie horizontally, but
are displaced at intervals by faults belonging to two
main families: a) a series of east-northeast to west—
southwest trending faults, and b) the Maghlaq and
associated faults which trend northwest to southeast.
The first family has been active since the Early Miocene
and has resulted in the horst and graben systems most
evident north of the Great Fault up to the South Gozo
Fault. The second became active in the Late Miocene as
aresult of development of the Pantelleria Rift System.
These faults were responsible for making the western
side of Malta higher than the east, forming dramatic
seacliffs of the western/northwestern shores (Alexan-
der 1988; Bonson et al. 2007; Ruffell et al. 2018; Galea
2019). According to Lambeck et al. (2011) and Furlani
et al. (2013, 2018), Malta appears to have remained
tectonically stable throughout the Holocene.

The continental shelf around the Maltese Islands
was progressively drowned by sea level rise since the
Last Glacial Maximum (Furlani et al. 2013), such that
there are well preserved terrestrial palaeo-landforms
present on the present sea floor at depths shallower
than c. -130 m (Foglini et al. 2016; Micallef et al. 2013;
Prampolini et al. 2017). The post-Quaternary tectonics
are restricted mainly to regional movements which
have resulted in the submergence of archaeological
features such as the ‘cart-ruts” which enter the sea at
St. George’s Bay, St. Paul’s Bay and Birzebbuga (Hyde
1955; Furlani et al. 2013), and the presence of speleo-
thems (cave mineral deposits, including stalagmites)
in marine caves (Rizzo 1932; Furlani et al. 2018).

1.6. Geomorphology

The geomorphology of the Maltese Islands has been
thoroughly described and discussed by a number
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Figure 1.12. Map of the fault systems, arranged often as northwest—southeast oriented graben, and strike-slip structures
(after Gardiner et al. 1995; Prampolini et al. 2017) (P. Chatzimpaloglou,).

of scholars, including House et al. (1961), Vossmer-
baumer (1972), Guilcher and Paskoff, (1975), Paskoff
and Sanlaville (1978), Ellenberg (1983), Reuther (1984),
Alexander (1988), Anderson (1997), Schembri (1993,
1994 & 1997) and Prampolini et al. (2017), and, most
recently, in a multi-authored volume on the landscapes
and landforms of the islands (Gauci & Schembri, 2019).
The present account is based on these sources.

As already stressed above, the current geomor-
phological features of the Maltese Islands have been
strongly influenced by the geological and tectonic
status of the islands. Both Malta and Gozo are tilted
towards the northeast which resulted the Lower Coral-
line Limestone along the west, southwest and southern
coasts of the islands, and formed very steep to vertical
cliff faces in most places rising straight from the sea.
Along the east and southeast coast of both islands, but
especially Malta, the tilt gives generally gently sloping
shores, and where valleys open on the coast, drowned
valleys form a ria and bay coastline. The Marsamxett
and Grand Harbours are the prime examples of this.
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On Malta, all five rock formations are only
present north of the Great Fault and on the Rabat-
Dingli uplands south of it. Elsewhere there are vast
exposures of Globigerina Limestone which generally
present a large-scale gentle folding which is respon-
sible for the characteristic topography of plains,
shallow depressions and low hills; in fact the only
high ground in this part of the island is the Naxx-
ar-Gharghur upland. Where the entire geological
sequence is present, the Upper Coralline Limestone
forms flat limestone-pavement karstic plateaux with
steep cliff-like sides bordered by boulder screes at
their base (Maltese: rdum) made by the slumping of
blocks of rock from the cliff edge because of erosion
of the underlying soft rock — the Greensand and/or
Blue Clay. The eroded Blue Clay cascades down-slope
to form taluses that cover the rock underneath (Glo-
bigerina Limestone). The Upper Coralline Limestone
boulders also travel down-slope riding on the Blue
Clay and where this happens on the coast, the result
is a boulder-strewn shoreline.
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Important and characteristic topographic fea-
tures of the Maltese Islands are the rdum and widien
(Schembri 1994, 1997). Rdum are important since
they provide a very rough and dynamic terrain and
as such have rarely been cultivated, thus providing
refuges for many species of Maltese flora and fauna,
which would have otherwise been extirpated from
the heavily anthropogenically modified landscape.
Widien are natural drainage channels formed either
by stream erosion during a previous (post-Miocene)
much wetter climatic regime, or by tectonism, such as
the grabens of northern Malta and southern Gozo, or
by a combination of the two processes. Most widien
are now dry valleys and only carry water along their
watercourses during the wet season. A few widien
drain perennial springs arising from the perched
aquifer at the Upper Coralline Limestone-Greensand/
Blue Clay interface and have some water flowing in
them throughout the year, attaining the character of
miniature river valleys. By virtue of the shelter they
provide and their water supply, widien are one of the
richest habitats on the islands and are also extensively
cultivated. The submergence of the mouths of some
widien mainly caused by the tilt of the islands, has led
in turn to the formation of wetlands of various types,
providing yet another localized, semi-aquatic habitat
type in an otherwise arid landscape.

1.7. Soils and landscape

It has reasonably been assumed that the seasonally
dry and hot Mediterranean climate made the Maltese
landscapes quite marginal for agricultural production
especially since there were few natural springs orig-
inating from the perched aquifer, and what rain and
surface run-off could be collected and stored was slim
(Haslam 1969; Schembri 1997; Cassar et al. 2008). As
a consequence, terracing was adopted extensively in
Malta and Gozo to conserve soils and moisture and at
the same time to create a more amenable landscape for
subsistence based agriculture, although exactly when
is a subject of debate (Fenech 2007; Grima 2004, 2008b;
Micallef 2019) (see Chapters 5, 8 & 11). Like many other
parts of the Mediterranean region, this landscape must
have been prone to deforestation, drought and erosion,
combined with intensive human activity (Bevan &
Conolly 2013; Brandt & Thornes 1996; Hughes 2011;
Grove & Rackham 2003), and these factors are the
subject of much of this volume to follow. Today, the
islands are characterized by highly terraced valleys
between flat-topped limestone mesas, generally with
substantial towns sprawling across these plateaux. The
whole of the southeastern part of Malta, previously
mainly agricultural with small scattered villages except
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for the harbour regions, is now being swallowed up
by extensive urban development.

Maltese soils are relatively young and relate
directly to the rock formations of islands. Previous
studies have highlighted the low contribution of the
climate to soil development and the great impact of
human activities in their modification, particularly
where there is cultivation, as being a valuable and
practically non-renewable resource, natural soils have
been translocated and mixed together and with var-
ious materials since the earliest of times (Lang 1960;
Bowen Jones ef al. 1961; Svarajasingham 1971; Farres,
2019). Possible trajectories of past soil development
and change are further discussed in Chapter 5.

Lang’s (1960) comprehensive study has laid the
foundation for the understanding of Maltese soils and
their development. This study identified three main
types of soil: Carbonate Raw, Xerorendzinas and Terra
soils. Of the four Carbonate Raw series soils, two
are formed from Blue Clay parent material (Fiddien
and San Lawrenz series), one from weathered Upper
Coralline Limestone (Nadur) and one from dune sand
(Ramla). These highly calcitic soils conform to an A/C
profile, where the upper horizon directly overlies the
parent material, and contain a very low level of organic
content. The Xerorendizinas, which were divided into
three series (San Biagio, Alcol and Tal-Barrani), are
largely formed from Globigerina Limestone parent
material and also present an A/C profile. Normally
grey, loose and powdery when dry, these soils have a
high chalk and gypsum content with limited organic
content (yet distinguishably more than the carbonate
soils). Lastly, the Terra soils are found as terra fusca and
terra rossa. Both are derived from Upper and Lower
Coralline Limestone parent material and present an A/
Bw/C profile. The Terra soils are well developed with
little organic content (although more than the previous
soils) and the notable presence of ferric hydroxide.

Maltese soils have most recently been studied
as part of the MALSIS project, a Malta—EU co-funded
programme with the objective of setting up a modern
Maltese soil information system that includes a soils
geo-database (Vella 2000, 2001, 2003). The MALSIS
inventory recognizes seven soil groups of the World
Reference Base for Soil Resources soil classification
system (WRB 2014) that are present in the Maltese
Islands. These are:

a) Calcisols (37 per cent), which are soils with a high
proportion of translocated calcium carbonate and
the most commonly occurring in the islands.

b) Leptosols (15 per cent), which are very shallow

calcareous soils with a high gravel content that
locally are found on exposed karstic plateaux
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and rdum, usually associated with low steppic
and low garrigue vegetation.

Cambisols (7 per cent), which are similar to Lepto-
sols but deeper (>25 cm) and show some horizon
development in the form of a subsoil layer (or B
horizon), although this is very limited in Maltese
cambisols.

Vertisols (7 per cent), which are soils with a high
content of clay and characterized by deep cracks
when dry and occur on the Blue Clay.

Luvisols (15 per cent), which are relict soils
that formed under a previous wetter climatic
regime, most likely during wet periods in the
Pleistocene (see Chapter 5). The present climate
does not form such soils, but it does modify them
through the deposition of secondary calcium
carbonate. Locally these soils have a reddish
colour because of the presence of iron minerals
and when undisturbed develop a surface layer
of humus, a thin leached topsoil horizon, and a
clayey and mineral rich subsoil. Such soils are
found on flat or gently sloping karstland under
high garrigue and maquis vegetation.
Arenosols, which are porous sandy soils with no
or almost no clay content and are usually deep.
Locally they develop in a limited number of areas
were blown beach sand accumulated inland from
the adjacent coast.

Regosols (19 per cent), which have been used as
a ‘bin-group’ for soils that do not fit in any of the
other local soil types. Such soils consist of broken
down but otherwise practically unaltered parent
material with no horizon development. Soils
formed by mixing other soil types with powdered
rock and anthropogenic waste are also classified
as regosols.

<)

d)

f)

g)

1.8. Climate and vegetation

The present climate of the Maltese Islands is typically
Mediterranean with characteristic mild, wet winters
and hot, dry summers with ample sunshine (Chetcuti
et al. 1992; Schembri 1993, 1994, 1997; Schembiri et al.
2009; Galdies 2011). The climate is strongly bi-seasonal,
particularly in terms of precipitation. Despite an aver-
age rainfall of 530 mm, most of it (c. 85 per cent) falls
during the period from October to March. Precipitation
is highly variable from year to year with some years
having almost twice the mean annual rainfall and
others half. The latter are known as drought years
and a continuous run of such (Murray 1890; Blouet
1984) may have caused at least partial abandonment
of the islands in the past. There may also have been the
abandonment of marginal agricultural land because of
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a lack of irrigation water and crop failure, since local
water resources were, directly or indirectly, entirely
dependent on rainfall and the perched aquifer until
the British period (Schembri 2003).

The mean monthly air temperature varies from
12 to 26° C, and rarely falls to zero for sufficiently long
periods to affect plant growth (Haslam 1969; Chetcuti et
al. 1992). The arid period extends from approximately
the last third of March to the first third of September,
with peak aridity reached between June and August
and maximum temperatures of up to 43° C (Chetcuti
et al. 1992). Ground (grass) temperatures may be much
higher that the air temperature and values up to 49°
C have been measured. Relative humidity is gener-
ally high, from 65-80 per cent, with wind prevalent
throughout most of the year. This is important as it
exposes dry un-vegetated soil to wind-winnowing,
rendering already low-quality agricultural soils even
more depleted.

The natural vegetation of the islands must be
adapted to excess water during the wet season and to
drought and heat in the dry season. Plant growth is
thus restricted during the dry and hot summers with
the main growing seasons being spring and, to a lesser
extent, autumn (Haslam 1969; Haslam et al. 1977). This
is reflected in the landscape which is generally green
throughout the wet period, but appears mostly parched
and bare of vegetation during the dry period given that
many non-phanerophytes (phanerophytes = trees and
shrubs) survive the dry season in the form of seeds
(annuals) or some form of subterranean perennating
organ (Haslam 1969; Schembri 1997).

The terrestrial vegetational assemblages of the
Maltese Islands may be grouped into three categories,
as follows: a) major communities that are part of the
successional sequence towards the climatic climax,
b) minor communities which are either specialized
to occupy particular habitats or occupy habitats that
are rare on the islands, or are relics from a previous
ecological regime, now surviving in a few refugia,
and c) vegetational assemblages of disturbed habitats,
which are those occupying land subject to periodic
disturbance, usually as a result of human activities,
but also natural disturbances, such as the flooding of
dry-valley (wied) watercourses following heavy rain
(Schembri 1997). The present day vegetational assem-
blages of the Maltese Islands have been described
by Haslam (1969), Lanfranco (1984, 1995), Lanfranco
and Schembri (1986), Anderson and Schembri (1989),
Schembri (1993, 1997) and Cassar et al. (2008).

These combined themes of chronology, climate,
soils and vegetation will be developed further by
the palaeoenvironmental data presented below in
Chapters 2-5.
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Notes

1 ‘Facies’ is a term that provides a specific characteriza-
tion of a group of rocks with distinct similar features.
In sedimentary rocks, it embraces major features such
as the main composition (e.g. quartz sand, clay or
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limestone facies), the sedimentary layering (e.g. cross
bedded facies, etc.) or the main fossils. These are then
related to an interpreted environment in which the
sediments were deposited. Consequently, the rock can
be referred to as beach-facies, lagoon facies, reef facies,
and so on.






Temple landscapes

The ERC-funded FRAGSUS Project (Fragility and sustainability in small island environments: adaptation,
cultural change and collapse in prehistory, 2013-18), led by Caroline Malone (Queens University Belfast)
has explored issues of environmental fragility and Neolithic social resilience and sustainability
during the Holocene period in the Maltese Islands. This, the first volume of three, presents the
palaeo-environmental story of early Maltese landscapes.

The project employed a programme of high-resolution chronological and stratigraphic
investigations of the valley systems on Malta and Gozo. Buried deposits extracted through coring and
geoarchaeological study yielded rich and chronologically controlled data that allow an important new
understanding of environmental change in the islands. The study combined AMS radiocarbon and
OSL chronologies with detailed palynological, molluscan and geoarchaeological analyses. These enable
environmental reconstruction of prehistoric landscapes and the changing resources exploited by the
islanders between the seventh and second millennia sc. The interdisciplinary studies combined with
excavated economic and environmental materials from archaeological sites allows Temple landscapes to
examine the dramatic and damaging impacts made by the first farming communities on the islands’ soil
and resources. The project reveals the remarkable resilience of the soil-vegetational system of the island
landscapes, as well as the adaptations made by Neolithic communities to harness their productivity, in
the face of climatic change and inexorable soil erosion. Neolithic people evidently understood how to
maintain soil fertility and cope with the inherently unstable changing landscapes of Malta. In contrast,
second millennium Bc Bronze Age societies failed to adapt effectively to the long-term aridifying trend
so clearly highlighted in the soil and vegetation record. This failure led to severe and irreversible erosion
and very different and short-lived socio-economic systems across the Maltese islands.
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