Contents

1 Introduction ............ooiiiiiiiiii e 1
O. Huber and J.A. Zinck
References . ......ooooiiiiiiiii 4
2 Tropical and Subtropical Peats: An Overview .......................... 5
J.A. Zinck
2.1 INtrodUCtION ...ttt ettt et e 5
2.2 Peat Extent and Distribution ... 5
2.2.1 Peats in Temperate and Boreal Regions .......................... 6
2.2.2 Peats in Tropical and Subtropical Regions ....................... 7
2.3 Peat Formation and Development .............ccoooiiiiiiiiiiinneennn.. 9
2.3.1 Topography and Water Regime ........................ooit. 9
2.3.2 Source and Quality of Water ................oiiiiiiiiii.... 10
2.3.3 GEOAYNAMICS ...ttt et et e 11
2.3.4 Time and Rate of Formation .................cccooiiiiiiii.... 12
2.3.5 Vegetation  ....oeiuuiiiiiint et 13
2.3.6 Peat and Climate Change .................cooiiiiiiiiiiiinn.... 14
2.4 Features of Peats and Peatlands ...l 15
2.4.1 Physical Peat Properties ...........cccooiiiiiiiiiiiiiiiiiiin.... 15
2.4.2 Chemical Peat Properties ...........ccovvviiiniiiiiineeinnnennnn. 17
2.4.3 Biological Activity in Peats ............ccooiiiiiiiiiiiiiinii, 18
2.4.4 Characteristics of Peatlands ...................ccooL 19
2.5 Peat Classification ...........ooeeeiiiiiiiiiiie et 19
2.5.1 Classifications Based on Landscape Features .................. 20
2.5.2 Classifications Based on Peat Properties ....................... 20
2.5.3 Multicriteria Classifications .............oovviiiiiiiiiiinnn.... 21
2.6 Peat and Peatland as Resources ...............ccooiiiiiiiiiiiiiian 22
2.6.1 Reclamation and Multipurpose Uses .............cccooeeinn.... 22
2.6.2 Carbon Storage and Potential Release of Greenhouse Gases .. 23
2.7 CONCIUSION ...ttt ettt e 24
References .......oooiiiiiiiiii i 25

xi



Xii

3

Contents

The Venezuelan Guayana Region and the Study Areas:

Geo-ecological Characteristics ....................cccoiiiiiiiiin.. 29
O. Huber and P. Garcia
3.1 INtrodUCHiON . .euee ettt e 29
3.2 Geology and Paleoecology ..........ccoiiiiiiiiiiiiiiiiiiiiiiii 31
3.2.1 Geologic HiStory .....oovuieiiiineiiin e i eiiaeeeenns 31
3.2.2 Regional Geology ........coviiiiiiiiiiiniiiini i, 35
3.2.3 Paleoecological Considerations ...............ccceevuiunnnn.... 37
3.3 Physiography, Climate, and Vegetation ................ccccooiiiee.... 40
33,1 Lowlands ....uuieieiii 42
332 Uplands  oovvnniiiie e 48
3.3.3 Highlands ....viiiiiiii i e 51
3.4 StUY ATAS ottt ettt 59
3.4.1 Duida-Marahuaka Massif and Cerro Huachamakari ........... 61
3.4.2 Cuao-Sipapo Massif .......ooiiiiiiiiiiiiii i 66
3.4.3 Sierrade Maigualida ... 70
3.5 CONCIUSIONS vttt ettt e et ettt 75
3.5.1 Geologic History: The Making of a Continent ................. 75
3.5.2 Physiography ........coouuiiiiiiii i e 76
3.5.3 Paleoecology .....ooiiiiiii 76
3.5:4 CHMALE oottt ettt et et 77
3.5.5 Vegetation  ....ooiiuiiiiiiie it e 78
References .......cooiiiiiiiiii i 80
APPENAIX . ettt e 85
Tepui Peatlands: Setting and Features .................................. 91
J.A. Zinck and P. Garcia
4.1 INtroduCtion ......ceuuiuuiiie ettt 91
4.2 Rock SubStratum ...........oooiiiiiiiiiiii i 91
4.2.1 Cover Rocks: The Roraima Group ...................ooiin 93
4.2.2 Basement Rocks: The Parguaza Granite and Other
Igneous—Metamorphic Rocks ..............ooiiiiiiiiii. .. 97
4.3 Geomorphic Landscape ..........ccouiviiiiiiiiiiiiiiiii i 97
4.3.1 Mesetas and Domes ..........oooeiiiiiiiiiiiiiiii i 97
4.3.2 Karst and Pseudokarst Morphology ....................ooool 99
4.3.3 Origin of the Micro-relief ..., 108
4.4 Peatland Types ...coeuuruuiiniei it 109
4.4.1 Depression Peats ..........c.oiviiiiiiiiiiiniiiiiiiiiiaaa, 110
4.4.2 SIope Peats ...oouuiiiiiiitii e 112
4.4.3 Narrow-Valley Peats ..........oooiiiiiiiiiiiiiiiiiiin . 112
4.5 Peatland Patterns ............oooiiiiiiiiiiii i 113
4.5.1 Spatial Variability ...... ... 113
4.5.2 Stratification of the Peat Mantles ......................oie 118
4.6 ConcClUSIONS ..ottt ettt 122
4.6.1 Physical Setting of Peatlands ................cooooiiiiia, 122
4.6.2 Peatland Types and Patterns ...........c...coiiiiiiiiiiinan. 122

REOIENCES ..ttt 123



Contents xiii

5 Laboratory Methods for Characterization of Peat Materials ........ 127
R. Schargel, P. Garcia, and D. Jiménez
5.1 INtroduCtiON ...ttt 127
5.2 Criteria Used for the Recognition of Organic Soils in the Soil
TaAXONOMY ...ttt ettt et 127
5.3 Laboratory Methods Specific for Organic Soils ...................... 129
5.3.1 Sample Preparation ..........c.ccoveeiiiiiiiiiniiiiiieeiiiinaan. 130
5.3.2 Mineral Content ............cooviiiiiiiiiiiiiiiiiiiiiiiinn. 130
5.3.3 Pyrophosphate Color ............cooiiiiiiiiiiiiiiiiiiiiinaen. 130
5.3.4 Fiber Volume ........cooiuiiiiiiiiiiiiiiiiii i 131
5.3.5 Soil Reaction (pH) ...oovuiiiiiiiiiiiii i 132
5.4 Testing Laboratory Methods on Selected Venezuelan Histosols .... 132
5.4.1 The Test SOils .....cooiiiiiiiiii i e 132
5.4.2 Laboratory Determinations .............c.coovveeinieieennnaenn. 132
5.4.3 Assessing the Tested Methods ..................ccocoiiiiin... 133
5.5 Laboratory Determinations Performed on the Guayana Histosols .... 135
5.5.1 Soil Sampling .....ooiiiiiiii e 135
5.5.2 Analytical Methods Applied ...........ccooiiiiiiiiiiiiiinn. 136
5.6 CONCIUSIONS ...ttt ettt et e ee 137
References ........oooiiiiiiniii 138
6 Properties and Classification of the Tepui Peats ...................... 141
P. Garcia, R. Schargel, and J. A. Zinck
6.1 IntroducCtion .........coeeiinuiiiiiii it e 141
6.2 Morphological Features ..............cooiiiiiiiiiiiiiiiiiinnaiaaan. 142
6.2.1 Layer Types and Sequences ............c.covvveeiiieeinnnnnn... 143
6.2.2 ROOt CONLENT ...ttt ettt eeeeiane 147
6.2.3 S0Il ColOr ..vuiit i 149
6.2.4 Drainage Conditions .............ccooiiiiiiiiiiiiiiiiinnnnnnn.. 149
6.3 Physical Properties ... 149
6.3.1 Dry Matter and Fiber Contents .................ccvivnnnn... 150
6.3.2 Mineral Content .............ooiviiiiiiiiiiiiiiiieeiinn. 155
6.3.3 Bulk Density .......cooiuiiiiiiiiiiiii i 156
6.3.4 Field Water Content ...........oveeiiunieiiinreiiineeeennneenns 158
6.4 Chemical Properties ........... ..o 159
6.4.1 Organic Matter Content .............ccooeeeeiiiiiiiiiinnnnnn.. 159
6.4.2 Soil Reaction and Acidity ..........ccoviiiiiiiiiiiiiiiiiiae 165
6.4.3 Cation Exchange Capacity and Exchangeable Cations ....... 167
6.4.4 Nutrient Status and Dynamics .............coveiiiviiinnnn. 170
6.5 Spatial Variations ..........oeeuiiiiiiiii i e 171
6.5.1 Relationships with Landscape Position ....................... 171
6.5.2 Relationships with Rock Substratum .......................... 173
6.6 Taxonomic Classification .............cooooiiiiiiiiiiiiiiiinnneeeenn. 174
6.6.1 Organic SOilS .......oiiiiiiiiiiiii i i 175

6.6.2 Organomineral Soils ............ooiiiiiiiiiiiiiii i 180



Xiv

Contents
6.7 CONCIUSIONS ...ttt ittt et eeees 182
6.7.1 Morphological Features ............c...ccoiiiiiiiiiiiiiina... 182
6.7.2 Physical Properties ...........c.cooveeiiiiiiiiiiiiiiiiniinnnnen. 183
6.7.3 Chemical Properties .............oooeiiiiiiiiiiiiiiiiinnn... 184
6.7.4 Soil Variability .........cooiiiiiiiiii 185
6.7.5 Soil Classification ..............ooeiiiiiiiiiiiiiiiiiiiinnnnn... 186
References ........oooiiiiiiiiii i 186
Tepui Peatlands: Age Record and Environmental Changes .......... 189
J.A. Zinck, P. Garcia, and J. van der Plicht
7.1 INtroduCtion ......oeeeieiniiiit e 189
7.2 Sampling and Dating Method ............ccooiiiiiiiiiiiiii i 189
7.2.1 Peat Sampling .......oiiiiiiiii 189
7.2.2 Radiocarbon Dating and Calibration ......................... 190
7.2.3 Calibration Graphics ..............coiiiiiiiiiiiiiiiiiian 191
7.2.4 Conventional and Calendar Ages ................coooeeennn. 193
7.3 Site Description and Age Record ..............cooiiiiiiiiiiiiiinn 195
7.3.1 The Marahuaka-Huachamakari Area ........................ 195
7.3.2 The Cuao-Sipapo Area ..............ooeiiiiiiiiiiiiiiiennnnn. 199
7.3.3 The Maigualida Area ............cooviiiiiiiiiiiiiiieiieennn.. 206
7.4 Interpretations and Correlations: Peat Formation
and Environmental Changes ............c.ccovviiiiiiiiiineeiiineeennnn. 208
7.4.1 The Effect of Topography and Water Dynamics
on Peat Formation ...............ooiiiiiiiiiiiiiiiii i 208
7.4.2 The Effect of Geodynamics on Peat Formation ............. 210
7.4.3 Peat Age—Depth Relationship .............coooiiiiiiiiin. 211
7.4.4 Rates of Peat Deposition and Depositional Gaps ............ 215
7.4.5 Peat Age—Elevation Relationship ...................ooiin.t 218
7.4.6 Peat Decomposition and Age ...........oiiiiiiiiiiiiiii. 219
7.4.7 Variations in Peat Nature ................coiiiiiiiiiiiiiin... 221
7.4.8 The Fire Effect ... 223
7.4.9 History of Peat Formation and Climate Change ............. 223
7.4.10 Indicators of Environmental Changes ........................ 229
7.4.11 Fate of Tepuian Peats: A Vulnerable Ecosystem ............ 230
7.5 CONCIUSIONS ...ttt ettt e ee 232
7.5.1 Peat Formation and Dating ..............ccoooiiiiiian. 232
7.5.2 Relationships  .....uieiiiiiiiiiii e 233
References .......ooooioiiiiiiiii 235
Origin of Organic Matter Leading to Peat Formation
in the Southeastern Guayana Uplands and Highlands ................ 237
E. Medina, E. Cuevas, and O. Huber
8.1 INtroduction .......oiiiiiiiiiiie e 237

8.2 Site DESCIIPLION ...ttt ettt eaanees 238



Contents XV

8.2.1 Highland Tepui Sites .......ccvuiviiiiiiiiiiiiiiiineeiiiaeann 239

8.2.2 Upland Tepui Site .......oomiiiiiiiiiiiiiiiiii . 240

8.2.3 Gran Sabana Upland Sites .............coiiiiiiiiiiiiiinaan. 240
8.3 Results: Relationship Between 8'°C Values and Peat Age .......... 240
8.4 DISCUSSION ...ttt ettt 242
8.5 CONCIUSION  ...vviiiiiiiii 243
References ... 243

9 Synthesis: The Peatscape of the Guayana Highlands ................. 247

J.A. Zinck
9.1 INtroduCtiOn  .......uuuuiiiiii e 247
9.2 Why Do Peatlands and Peats Matter? ...............ccoooviiinneen. 247
9.3 Setting and Formation of the Peatlands: The Peatscape ............. 248
9.4 Morphological, Physical, Chemical, and Taxonomic

Characteristics of the Peats ................. i 250
9.5 Vegetation of the Peatlands: Present and Past ....................... 252
9.6 Environmental Changes: Diachronic Inception and Polygenetic

Evolution of Peats ........ ... 254
9.7 The Highland-Lowland Connection: A System Approach .......... 256
9.8 Concluding Remark .......... ... 258
Reference ... 259

Appendix: Site and Profile Characteristics ................................. 261



2 Springer
http://www.springer.com/978-3-642-20137-0

Peatlands of the Western Guayana Highlands,
Venezuela

Properties and Paleogeographic Significance of Peats
Zinck, lLA.; Huber, 0. (Eds.)

2011, XV, 295 p. 120 illus., 45 illus. in color.,
Hardcover

ISBEM: 978-3-642-20137-0



	Contents

