INTERPRETATION OF
MICROMORPHOLOGICAL FEATURES
OF SOILS AND REGOLITHS

Edited by Georges Stoops, Vera Marcelino and Florias Mees

The aim of the book is to provide researchers and students with a tool for the interpretation of
micromorphological features of soils and regoliths. After an introduction and overview by the Editors,
micromorphological aspects of specific regolith types and their pedoplasmation are highlighted,
followed by a systematic discussion of the micromorphological signature of various pedogenic
processes. Successive chapters deal with specific diagnostic horizons, types of features and soil-
forming processes. The topics that are treated include freeze-thaw features, redoximorphic features,
calcareous, gypsic and siliceous formations, textural features, spodic horizons, oxic materials, vertic
features, volcanic soils, laterites, surface crusts, salt minerals, authigenic silicates, phosphates,
sulphidic and sulphuric materials, surface horizons, organic material, and features related to faunal
activity.The last chapters deal with the impact of man on soil profiles, and the use of micromorphology
in archaeology and palaeopedology.

The book is written by a team of more than 40 authors of 15 nationalities, representing different
schools but using the same concepts and terminology.

Cover photos:

Top photo: Kalistrontite crystals in a semi-arid soil from Namibia (cross-polarized light).

Middle photo: SEM image of goethite in a laterite from western Congo.

Bottom left photo: Vivianite crystals in bog ore from northern Belgium.

Bottom middle photo: Lenticular structure due to frost action in a soil from Norway.

Bottom right photo: Hematite-impregnated material with illuvial kaolinite coatings in ayoung laterite from Burkina Faso.

ELSEVIER books.elsevier.com



Contents

Contributors

Preface

List of Abbreviations

1 Micromorphology as a Tool in Soil and RegolithStudies

1

O N o g bk~ WD

Introduction

Soil and Regolith Genesis

Soil and Regolith Classification

Palaeopedology, Quaternary Geology and Archaeology

Soil Management and Other Applications

Correlations Between Micromorphology and Physical Data
Monitoring Experimental Work and Analyses

Conclusions

References

2. Micromorphological Features and Their Relation to
Processes and Classification: General Guidelines and Keys

1

2.

Introduction
1.1. Criteriafor w s/m Formation and Relative Chronology
1.2. Relicts of the Parent Material
1.2.1. Nature of the Parent Material
1.2.2. Degree of Weathering
Key to Features
2.1. Microstructure and c/f-Related DistributionPatterns
2.1.1. Coarse Monic Basic Microstructure

XXiX
XXXi

0 O o o o0 WON P

B &G &G

N



Vi

Contents

2.1.2.
2.1.3.
2.1.4.
2.1.5.
2.1.6.
2.1.7.
2.1.8.
2.1.9.

2.1.10.
2.1.11.
2.1.12.
2.1.13.
2.1.14.

Enaulic Basic Microstructure
Chitonic Basic Microstructure
Gefuric Basic Microstructure
Granular Microstructure
Crumb Microstructure
BloCky Microstructure

Platy Microstructure
Lenticular Microstructure
Spongy Microstructure
Vesicular Microstructure
Vughy Microstructure
Channel Microstructure

Massive Microstructure

2.2. Groundmass

221
2.2.2.
2.2.3.
224,

Heterogeneity
Special Fabric Types
Coarse Material
Micromass

2.3. Organic material

2.4. Pedofeatures

24.1.
2.4.2.
2.4.3.
244,
245,
2.4.6.

References

Textural Coatings and Infillings
Iron and Manganese Oxides
Calcium Carbonates

Gypsum

Pedogenic Silica and Silicates
Other Minerals

20
20
21

22
22
22
23
23
23
23
24
24
24
24
25
25
26
27
28
28
30
31
31
32
32
33



3. Colluvial and Mass Wasting Deposits

1
2.
3.

5.

Introduction

General Features of Translocated Material
Colluvial Deposits

3.1. Laminated Colluvium

3.2. Non-laminated Colluvium
3.3. Post-depositional Alterations
Mass Wasting Deposits

4.1. Solifluction deposits

4.2. Landslides

4.3. Debris-flow deposits

4.4. Grain-flow deposits
Conclusions

Acknowledgments

References

Saprolites
1

Introduction

2. The Saprolite Profile
3.
4. Saprolites on Specific Lithological Rock Types

General Micromorphological Features

4.1. Igneous Rocks
4.1.1. Granite
4.1.2. Diorite
4.1.3. Gabbro
4.1.4. Andesitic Rocks
4.15. Basalt
4.2. Metamorphic Rocks
4.2.1. Gneiss
4.2.2. Schists

Contents vii

37
37

38
39
39
41
1
42
43
43
44
45
46
46
46

49

B 8 8

52
52

55
55
56
58

59



viii

Contents

5.

4.2.3. Amphibolites

4.2.4. Serpentinite

4.2.5. Phyllites and Slates
4.3. Sedimentary Rocks

4.3.1. Siliciclastic Rocks

4.3.2. Calcareous Rocks

Conclusions

References

5. Pedoplasmation: Formation of Soil Material

1. Introduction
2. General Features
3. Disappearance of the Original Rock Fabric
4. Development of Microstructure and Porosity
5. Other Changes
5.1. Changes in Grain-Size Distribution
5.2. Colour Homogenisation and Limpidity Changes
5.3. Changes of the b-Fabric
6. Pedoplasmation on Carbonate Rocks
7. Conclusions
References

6. Frost Action

1
2.

Introduction

Microstructure

2.1. Platy and Lenticular Microstructure
2.2. Granular Microstructure

2.3. Microstructure Stability
Groundmass

3.1. Micromass

3.2. Coarse Material

60
60
61
62
62
62
63
63

69
69

70
71
73
74
74
74
75
76
78
78



Contents ix

4. Pedofeatures 96
5. Implications for Pedostratigraphy 101
6. Summary and Conclusions 102
References 104
7. Vertic Features 109
1. Introduction 109
2. Microstructure 110
3. Groundmass 112
3.1. Coarse Fraction 112
3.2. Micromass 113
3.2.1. Colour 113

3.2.2. Db-fabric 114

3.3. Pedofeatures 116
3.3.1. Feand Mn Oxide Pedofeatures 116

3.3.2. Carbonate Pedofeatures 117

3.3.3. Gypsum Pedofeatures 119

3.3.4. Textural Pedofeatures 119

4. Degradation of Vertic Features in Cultivated Soils 120
5. Vertic Features in Palaeosoils ibal
6. Conclusions bl
References 122
8. Redoximorphic Features 129
1. Introduction 129
2. General Genetic Aspects 130
3. Nature and IdentiFication 131
3.1. Intrusive Redox Pedofeatures 132
3.2. Impregnative Redox Pedofeatures 133

3.3. Depletion Redox Pedofeatures 135



x Contents

4.

5.

Significance
4.1. Duration of Water Saturation
4.2. Special Cases
4.2.1. Stratified Soils
4.2.2. Paddy Soils
4.2.3. Bog Iron
4.2.4. Dark Parent Material
4.3. Relict versus Contemporary Features
Conclusions

References

9. Calcium Carbonate Features

1

Introduction
11. Carbonate Mineralogy
1.2. Microscopic Techniques
1.3. Terminology
Groundmass
2.1. Coarse Fraction
2.2. Micromass
Pedofeatures
3.1. Coatings
3.1.1. General Aspects
3.1.2. Pendants
3.1.3. Laminar Crusts
3.2. Hypo-and Quasi-Coatings
3.3. Infillings
3.3.1. General Aspects
3.3.2. Needle-Fibre Calcite

3.3.3. Coarse-Grained Cement

136
136
139
139
139
140
140
140
142
142

149
149

149
150
151
152
152
154
154
154
154
154
157
158
159
159
159
161



7.

3.4. Nodules
3.4.1. General Aspects
3.4.2. Pisoliths
3.5. Root-Related Features
3.5.1. Calcified Root Flairs
3.5.2. Rhizoliths
3.5.3. Microcodium
3.6. Calcified Filaments
3.7. Biogenic Crystal Intergrowths
3.7.1. Earthworm Granules
3.7.2. Faecal Spherulites
3.7.3. Remains of Mollusca
Recrystallisation and Dissolution
4.1. Recrystallisation
4.2. Dissolution
Associated Features
5.1. Dissolution of Silicate Minerals
5.2. Calcium Oxalate Occurrences
5.2.1. Lichens and Fungi
5.2.2. Calcium Oxalate Phytoliths
Formations with Combinations of Calcareous Features
6.1. Palustrine Carbonates
6.2. Complex Calcrete Profiles
Conclusions

References

Gypsic Features

1.
2.

Introduction
Crystal Morphology
2.1. Occurrences in Nature

Contents xi

163
163
164
165
166
167
168
169
170
170
171
172
174
174
175
176
176
178
178
179
180
180
181
181
182

195
195

196
196



Xii

Contents

3.

6.

2.2. Experimental Studies
Groundmass

3.1. Powdery Gypsic Materials

3.2. Microcrystalline gypsic materials
3.3. Rupture-resistant Gypsic Materials
3.4. Aeolian Gypsic Materials
Pedofeatures

4.1. Infillings and Coatings

4.2. Nodules

4.3. Crystals and Crystal Intergrowths
Other Features Common in Soils with Gypsum
5.1. Dissolution Features

5.2. Calcite Pseudomorphs

Discussion and Conclusions

References

11. Textural Pedofeatures and Related Horizons

1
2.

3.

Introduction
Clay Coatings
2.1. General Characteristics

2.2. Confusion with Micromorphologically Similar Features

2.3. Formation

2.3.1. General Aspects

2.3.2. Specific Types of Clay Coatings
2.4. Destruction and Alteration

2.4.1. Mechanical Processes

2.4.2. Alteration and Secondary llluviation
2.5. Related Features
Textural Pedofeatures Other Than Clay Coatings
3.1. Coarse-Grained Coatings

197
198
200
200
201
203
203
204
204
205
208
208
209
210
211

217
217

218
218
219
220
220
223
224
224
226
228
228
228



3.2.
3.3.
3.4.

Layered Coatings
Infillings

Silt Cappings

4. Horizons Related to Occurrences of Textural
Pedofeatures

4.1.
4.2.

4.3.
4.4,
4.5.
4.6.
4.7.
4.8.

General Aspects

Argic Horizon

4.2.1. Sandy Argic Horizons
4.2.2. Loamy Argic Horizons
4.2.3. Clayey Argic Horizons
Agric Horizons

Natrie Horizons

Nitic Horizons
Beta-Horizons

Argic Horizons in Palaeosoils
Eluvial Horizons

5. Quantificationof Clayllluviation

6. Conclusions

Acknowledgments

References

12. Spodic Materials
1. Introduction

2. Spodic Horizonsand Ortstein

2.1
2.2.
2.3.

Microstructure and c/f-Related Distribution
Coarse Material

Fine Organic Material

2.3.1. Polymorphic Material

2.3.2. Monomorphic Material

2.3.3. Occurrence

Contents xiii

229
229
230

230
230
231
231
232
233
233
233
234
234
235
235
237
239
240
240

251
251

253
254
255
257
257
257
259



xiv Contents

2.4. Short-Range-Order Aluminosilicates 261

3. Related Horizons 261
3.1. Surface Horizons 261
3.2. Eluvial (Albic and/or E) Horizons 262
3.3. Placic Horizons 264
3.4. Other Horizons 266

4. Conclusions 266
References 267
13. Regoliths and Soils onVolcanic Ash 275
1. Introduction 275
2. Microstructure 276
3. Groundmass 280
3.1. Coarse Material 280
3.1.1. Identification of Components 280

3.1.2. Alteration Before Pedogenesis 282

3.1.3. Sedimentary Features 284

3.1.4. Evolution in Soils 286

3.2. Micromass 288

4. Organic Material 290
Pedofeatures 291
5.1. llluvial Clay Coatings 291
5.2. Authigenic Clay Coatings 292
5.3. Other Pedofeatures 293

6. Conclusions 295
Acknowledgements 296
References 296
14. Oxic and Related Materials 305
1. Introduction 305

2. Microstructure 306



Contents XV

2.1. General Features 306
2.2. Origin of Granular Aggregates 307
2.3. Degree of Development and Degradation of the
Granular Microstructure 310
3. Groundmass 312
3.1. c//-Related Distribution 312
3.2. Coarse Mineral Material 312
3.2.1. General Features 312
3.2.2. Weathering of Quartz 313
3.3. Fine Mineral Material 315
3.4. Organic Material 316
4. Pedofeatures 316
4.1. Channel Infillings and Coatings 316
4.2. Iron Oxide Pedofeatures 317
4.3. Gibbsite Coatings and Nodules 317
4.4. Clay Coatings and Infillings 318
4.5. Siliceous Pedofeatures 320
6. Conclusions 320
References 320
15. Lateritie and Bauxitic Materials 329
1. Introduction 329
1.1. Historical Background 329
1.2. Definition of Laterite 330
1.3. The Standard Laterite Profile 331
2. Ferritic Laterites 332
2.1. Soft Laterite or Mottled Clay Zone 332
2.1.1. General Characteristics 332
2.1.2. Hematite Nodules and Coatings 332

2.1.3. Other Coatings, Infillings, Nodules 334



xvi Contents

2.2. Hard Laterite

2.2.1.
2.2.2.
2.23.
224,
2.2.5.

General Characteristics
Nodules

Kaolinite-Goethite Coatings
Goethite Coatings and Infillings
Other Features

2.3. Gravel-Rich Layer

3. Bauxites and Bauxitic Laterites

4. Conclusions

References

16. Topsoils - Mollic,Takyric and Yermic Horizons
1 Introduction

2. Organo-Mineral Surface Horizons

2.1. General Features

2.2. Mollic Horizon

2.2.1.

Orthotype

2.2.2. Variants
3. Surface Horizons in Desert Soils

3.1. Takyric Horizons

3.1.1

Orthotype

3.1.2. Variant
3.2. Yermic Horizons

4. Conclusions

References

17. Soail OrganicMatter
1 Introduction

2. Organic Materials
2.1. Fresh Materials

334
334
335
336
338
339
341
342
345
346

351
351

352
352
353
354
355
360
361
361
361
362
364
364

369
369

370
370



18.

5.
6.
7.

2.2. Decomposed Materials
2.3. Charcoal and Related Materials
Soil Organic MatterHorizons and Profiles
3.1. Moder
3.2. Mull
3.3. Anmoor
3.4. Mor
Peat and Related Materials
4.1. Peat
4.1.1. Fibric Horizons
4.1.2. Hemic Horizons
4.1.3. Sapric Horizons
4.1.4. Peat Ripening
4.2. Dy, Gyttja and Sapropel
Organic Pedofeatures in Mineral Horizons
Organic Sedimentary Features

Applications and Conclusions

References

Features Related toFaunal Activity

1

2.

Introduction

11 Soil Fauna and Micromorphology

12. Diversity of the Impact of Soil Fauna on Soils
Faunal Voids

2.1. Channels

2.2. Chambers

2.3. Modified Voids

Pedofeatures

3.1. Excrements

3.2. Coatings

Contents  xvii

371
376
377
380
382
383
383
383
383
384
384
384
385
385
386
388
389
390

397
397

397
399
402
402
404
405
406
406
408



XVili

Contents

19.

20.

4.
5.

3.3. Infillings
3.4. Other Pedofeatures

Features Related to Faunal Impact on Profile Development

Conclusions

Acknowledgments

References

Physical and Biological Surface Crusts and Seals

1
2.

3.
4.

Introduction

Physical Crusts

2.1. Structural Crusts
2.1.1. Disruptional Seals and Crusts
2.1.2. AggradationalSeals or Crusts
2.1.3. Vesicular Crusts

2.2. Sedimentary Crusts

Biological Soil Crusts

Conclusions

References

Salt Minerals in Saline Soils and Salt Crusts

1

o b~ 0w D

Introduction

Flalite

Thenardite and Mirabilite

Bioedite

Other Highly Soluble SaltMinerals

5.1. Chlorides

5.2. Sulphates
5.2.1. Aphthitalite
5.2.2. Burkeite
5.2.3. Eugsterite
5.2.4. Glauberite

409
409
411
413
414
414

419
419

422
423
423
426
427
428
433
434
435

441
441

443
446

449
449
449
449
449
450
450



8.
9.

5.2.5. Hexahydrite, Epsomite andStarkeyite
5.2.6. Konyaite
5.2.7. Syngenite
5.3. Sodium Carbonates
5.4. Nitrates
Bassanite and Anhydrite
Poorly Soluble Sulphate Minerals
7.1. Celestite
7.2. Kalistrontite
7.3. Barite
Mineral Assemblages

Conclusions

References

21. Pedogenic and Biogenic SiliceousFeatures

1
2.

5.

Introduction

Forms of Silica

2.1. Quartz and Chalcedony
2.2. Cristobalite and Tridymite
2.3. Opal

Non-Biogenic Silica

3.1. Silcretes

3.2. Duripans

3.3. Fragipans

Biogenic Silica

4.1. Phytoliths

4.2. Other Forms of Biogenic Silica

Conclusions

References

Contents  xix

451
451
451
451
452
452
455
455
456
457
459
460
461

471
471

472
472
474
475
478
480
482
484
485
485
487
488
488



Contents

22. Authigenic Silicate Minerals - Sepiolite-Palygorskite,

Zeolites and Sodium Silicates 497
1 Introduction 497
2. Sepiolite and Palygorskite 497
2.1. Thin Section Studies 498
2.2. Transmission Electron Microscopy 501
2.3. Scanning Electron Microscopy 502

3. Zeolites 504
3.1. Thin Section Studies 505
3.2. Transmission Electron Microscopy 508
3.3. Scanning Electron Microscopy 508

4. Sodium Silicates 509
5. Conclusions 511
References 511
23. Phosphatic Features 521
1. Introduction 521
2. Phosphate Occurrences as Groundmass Components 524
2.1. Coarse Fraction 524
2.2. Micromass 526
2.3. Guano Deposits 529

3. Phosphate Occurrences as Pedofeatures 531
4. Conclusions 537
References 537
24. Sulphidic and Sulphuric Materials 543
1. Introduction 543
2. Sulphidic Materials 543
2.1. Pyrite 544
2.1.1. Pyrite Framboids 545

2.1.2. Other Aspects of Pyrite Occurrences 547



25.

2.2.
2.3.

Sulphides Other than Pyrite
General Fabric of Sulphidic Layers

3. Sulphuric Materials

3.1
3.2.
3.3.
3.4.
3.5.

4, Sulphide Oxidation Products in Contexts other than

Jarosite
Iron Oxides
Gypsum
Silica

Other Minerals

Acid Sulphate Soils

4.1.
4.2.
4.3.

Jarosite
Gypsum
Other Sulphate Minerals

5. Conclusions

References

Anthropogenic Features
1 Introduction

2. Microstructure

21

2.2.

Agricultural Soils
2.1.1. Tillage

2.1.2. Other Practices
Technosols

3. Groundmass

3.1

3.2.

Coarse Mineral Components
3.1.1. AgriculturalSoils
3.1.2. Technosols
Micromass

4. Organic Components

5. Pedofeatures

Contents  xxi

549
549
550
550
552
554
555
555

556
557
558
558
559
560

569
569

571
571
571
572
574
575
575
575
576
576
577
578



XXii

Contents

26.

5.1. Large-scale Field Practices
5.1.1. Tillage

5.1.2.
5.1.3.

Fertilisation

Irrigation and Wet Cultivation

5.2. Urban Soils
6. Conclusions

References

Archaeological Materials
1. Introduction

2. Natural Soils and Sediments Employed in Construction

2.1. Turf

2.2. Ground-Raising Constructional Materials

2.3. Floors, Surfaces and Walls

2.4. Organic Floor Coverings

3. Waste Materials

3.1. Inorganic Waste Materials

3.2. Organic Waste Materials

3.2.1.
3.2.2.
3.2.3.
3.24.

Herbivore Dung
Pig Dung

Dog Coprolites
Human Coprolites

4. Manufactured Materials
4.1. Stone Tools
4.2. Plasters and Mortars

4.3. Metalworking

5. Conclusions

Acknowledgments

References

578
578
580
581
582
582
583

589
589

589
590
592
595
598
599
599
602
602
605
605
607
609
609
610
611
613
614
614



Contents  xxiii

27. Palaeosoils and Relict Soils 623
1. Introduction 623
2. Methodology 624

2.1. Recognition of Palaeosoils and Relict Soils 624
2.2. Reconstruction of History 627
2.2.1. Discontinuous Soil Evolution 627
2.2.2. Soil Memory 628

2.2.3. Systems Analysis of Polygenetic Palaeosoils
and Soils 631
3. Common Types of Hierarchies 631
3.1. Textural Features 632
3.2. Ferruginous Features 636
3.3. Calcitic Facies 639
4. Reworked Materials 641
4.1. In situ Soil Reworking and Mass Transportation 641
4.2. Transport in Suspension 645
4.3. Aeolian Processes 645
5. Palaeoenvironmental Significance 647
6. Transitions in Palaeosoil Sequences and Their Significance 649
7. Reconstruction of The History of Relict Soils 651
8. Dating Palaeosoil Development 653
9. Diagenesis 653
10. Conclusions 654
References 654
Author Index 663

Subject Index 707



