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During the past 40 years colluvial and alluvial deposits have been used in Brazil as good indicators of regional
landscape sensitivity to Quaternary environmental changes. In spite of the low resolution of most of the
continental sedimentary record, geomorphology and sedimentology may favor palaeoenvironmental

lc<e51/londs: interpretation when supported by independent proxy data. This paper presents results obtained from
Sfraltliwrl;mh pedostratigraphic sequences, in near-valley head sites of southern Brazilian highlands, based on
Quategmfryy geomorphologic, sedimentologic, micromorphologic, isotopic and palynologic data. Results point to

environmental changes, with ages that coincide with Marine Isotopic Stages (MIS) 5b; 3; 2 and 1. During
the late Pleistocene, although under temperatures and precipitation lower than today, the local record points
to relatively wet local environments, where shallow soil-water saturated zones contributed to erosion and
sedimentation during periods of climatic change, as during the transition between MIS 2 and MIS 1. Late
Pleistocene events with ages that coincide with the Northern Hemisphere Younger Dryas are also depicted.
During the mid Holocene, slope-wash deposits suggest a climate drier than today, probably under the
influence of seasonally contrasted precipitation regimes. The predominance of overland flow-related
sedimentary deposits suggests an excess of precipitation over evaporation that influenced local
palaeohydrology. This environmental condition seems to be recurrent and explains how slope morphology
had influenced pedogenesis and sedimentation in the study area. Due to relative sensitiveness, resilience and
short source-to-sink sedimentary pathways, near-valley head sites deserve further attention in Quaternary
studies in the humid tropics.

Climate changes
Environmental changes

© 2008 Published by Elsevier B.V.

1. Introduction produced by proxy ice-core records (Aharon and Chappell, 1986; 51

Coltrinari, 1993; Iriondo, 1999; Thomas, 2004). 52

As proposed earlier (Bigarella and Mousinho, 1965; Meis and 53
Monteiro, 1979), alluvial and colluvial deposits are widely recognized 54
today as good indicators of local and regional landscape sensitivity to 55
environmental changes in the humid tropics (Thomas, 2004). They 56
allow the establishment of formal quaternary stratigraphic units 57
(Moura and Mello, 1991; Melo et al., 2001) and a characterization of 58
the responses of landforms to regional expressions of global changes 59

During the past 40 years the study of erosive and sedimentary
processes in topographic hollows has been a common topic for
Brazilian research in geomorphology and quaternary geology (Bigar-
ella and Mousinho, 1965; Meis and Machado, 1978; Meis and Moura,
1984; Moura et al., 1991). Since the 1960s, the role of the so-called
colluvial ramps as slope-channel coupling landforms is emphasized
on the basis of sedimentary evidence (Bigarella and Mousinho, 1965;

Meis and Moura, 1984). More recently, the role of topographic hollows
connected to the drainage network was approached into the far-
reaching theoretical framework of the channel-heads characterization
and modeling (Dietrich and Dunne, 1993). Erosive and sedimentary
cycles and hemicycles, surges of geomorphic processes and their
connection to environmental controlling factors are important issues
for geomorphology and Quaternary geology studies because they
allow drawing inferences about climatic teleconnections and millen-
nial oscillations that seem realistic in terms of the information
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(Servant et al., 1989; Moura et al., 1991; Turcq et al., 1997; Stevaux and 60
Santos, 1998; Modenesi-Gauttieri, 2000). 61

However, although colluvial deposits are widely spread features in 62
tropical and subtropical Brazil (Melo and Cuchierato, 2004), direct 63
correlative proxy data is usually scarce (e.g. Turcq et al., 1997), making 64
difficult the definition of relationships between landform evolution, 65
controlling environmental factors and global climatic changes. In 66
addition, due to the main processes at work on slopes, the general 67
scarcity and low resolution of the quaternary continental record 68
(Thomas and Thorp, 1996; Thomas et al., 2001) tend to be enhanced in 69
colluvial mantles, since ephemeral flows usually produce unorganized 70
sediments, preventing sound interpretation (Bertran and Texier, 1999; 71
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Nemec and Kazanci, 1999, Bertran and Jomelli, 2000; Fard, 2001). In
this context, the identification of particularly sensitive terrains and
landforms in which climate-driven erosive and sedimentary events
may be produced and preserved seems to be crucial (Thomas, 2004).

Due to its territorial dimensions, Brazilian lands are under the
influence of several climatic regimes, ranging from equatorial and
tropical, to mild subtropical climates. This article presents a study of
colluvial and alluvial mantles in southern Brazilian subtropical
highlands, where mild climates now predominate. Geomorphologic,
stratigraphic, sedimentologic, geochronologic, palynologic, isotopic
and micromorphologic data, obtained from three near-valley head
sedimentary sequences are presented. Since the study sites are located
near valley head areas, the fact that these geomorphic units are
effective sources of information for Quaternary interpretation is
enhanced (Moura et al., 1991; Dietrich and Dunne, 1993).

2. Setting, material and methods

The study sites are located in the northern highlands of Santa
Catarina State, in southern Brazil, in the municipality of Campo Alegre
(Fig. 1). Campo Alegre is located in the “Sdo Bento do Sul” Plateau,
which is characterized by a rocky, stepped, hilly landscape, strongly
influenced by differential weathering and erosion, displaying cuesta-
like fronts along the Plateau's border. Neoproterozoic trachytes,
rhyolites and ignimbrites from the Campo Alegre volcano-sedimen-
tary basin compose the local bedrocks (Biondi et al., 2001). Weath-
ering of these rocks gives place to important clay deposits, probably
influencing morphogenesis during the Quaternary, as deep alteration
mantles are common, together with colluvium and alluvium and soils.

Local altitudes range from 850 to 1200 m a.s.l. and the climate is
mesothermic, with relatively temperate summers (Koppen's Cfb type).
The mean annual temperature is about 16.4 °C and mean precipitation
varies from 1600 to 1800 mm per year. Tropical and subtropical
vegetation coexist in the region, forming the so-called Araucaria forest
(Mixed Ombrophic Forest). Natural and introduced grasslands are also
frequent, with gallery forests extending along hollows and valleys
(Oliveira and Pereira, 1998). Preliminary geomorphologic surveys in
the area had revealed important quaternary deposits preserved in
hollows and valley heads (Oliveira et al., 2001). Colluvium, alluvium
and buried peat deposits and soil epipedons bear evidence of local
environmental changes, the timing of which embraces, so far, a
relatively large span of the Last Glacial Cycle (LGC).

Pedostratigraphic sequences were identified and described in the
field (Finkl, 1984). Colluvial and alluvial deposits, interstratified with
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buried epipedons and peat horizons, constitute the main features 114
observed. Since the terms “colluvium” and “alluvium” may vary in the 115
literature, they are used here in their broad senses to mean, 116
respectively, detritus transported by various processes on slopes and 117
detrital material transported by streams or rivers. The expression 118
“valley head” is used as an equivalent to “hollow” and “unchanneled 119
valley” to mean topographic convergent areas, upslope of the channel 120
network, in which channelized and unchannelized sediment transport 121
may occur. When slope and stream sediments happen to be mixed in 122
the same site as, for instance, near a valley head environment (Dietrich 123
and Dunne, 1993), they are referred to as colluvial-alluvial deposits. 124

Sedimentary units and buried epipedons were described according 125
to their color, thickness, geometry, texture and gravel content. Samples 126
were systematically taken from both sediments and soils for several 127
studies. Textural analyses were conducted according to standard 128
procedures (Lima, 2005) and the results were displayed on ternary 129
plots for classification. Muddy samples were classified following 130
Flemming (2000) and samples with important gravel content (more 131
than 5%) were classified according to Folk (1974). In some 132
instances, textural data is displayed as the textural index (%-2 um . 133
%10 «m), wWhich expresses a ratio between the relative proportion of 134
grains smaller then 2 pm and those larger then 10 um. Samples which 135
are mainly composed of weathered lithic fragments, or alterorelicts, 136
were impregnated with polyester resin for analysis under polarizing 137
microscopy (Scholle; 1979; Bullock et al., 1985; Delvigne, 1998). When 138
judged appropriate, analysis between macroscopic and microscopic 139
scales of thin lenses was made with the use of digital images (De 140
Keyser, 1999) obtained from a CanoScan-2710 slide-scanner device. 141

Soil carbon analysis of buried soil samples (total organic C and >C) 142
was ‘carried out at the Stable Isotope Laboratory of the Centre for 143
Nuclear Energy in Agriculture (CENA), in Piracicaba, Brazil. The organic 144
carbon results are expressed as a percentage of dry weight. 1>C results 145
are expressed as 6'3C with respect to PDB standard using the 146
conventional & (%.) notations: 147

513C(%0) = [(Rsample/Rstandard) - ]} -1000 (1)

where Reample and Rygandara are the *C/'2C ratio of the sample and 148
standard, respectively. Analytical precision is +0.2%. (Pessenda et al., 150
2004). 151

Excavated organic deposits were sampled for pollen analysis in 152
two sedimentary sequences. Twenty-four (24) samples of 0.5 cm?, at 153
10 cm intervals along 150 cm and 75 c¢cm core samples were collected 154
in plastic bags and stored under cool (ca. +8 °C) and dark conditions 155
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Fig. 1. Study area location.
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after their return from the field. Samples were processed with stan-
dard pollen analysis methods, using HF (78%) and acetolysis. To
determine the pollen concentration, one tablet of exotic Lycopodium
clavatum spores was added to each sample. A minimum of 300
pollen grains were counted. For pollen identification, the Behling's
pollen collection was used (containing about 2000 Brazilian species)
together with pollen morphological descriptions (Behling, 1993). For
plotting of the pollen data, calculations and cluster analysis TILIA,
TILIAGRAPH and CONISS software was used (Grimm, 1987).

Radiocarbon ages were determined at Beta Analytic Incorporation
(USA); at the Institute of Physics of the Erlangen-Niirnberg
University (Germany) and at 'C Laboratory of CENA, University of
Sdo Paulo - Piracicaba (Brazil). Thermoluminescence (TL) and optic
stimulated luminescence (OSL) ages were obtained at the Laboratory
of Glasses and Dating from the Faculty of Technology of Sdo Paulo
(FATECSP - Brazil).

3. Results and analysis
3.1. The stratigraphic record

Three pedostratigraphic sequences are reported. Distances bet-
ween each sequence vary from about 0.5 to 1.5 km, embracing an area
of approximately 4 km?2. All reported sequences are located between
the Rio Itapocu river basin and the Rio Negro river basin, in small first
order catchments (see Fig. 1). The Itapocu River flows to the east, along
the local “Serra do Mar” range escarpment, and the Negro River is a
tributary of the Iguagu River which flows to the west, from the
western flank of the “Serra do Mar” range, entering the Parana River
and reaching the Atlantic Ocean along the coast of Uruguay and
Argentina, in the “La Plata” estuary. Results are presented according to
the relative increase in distance of each sedimentary sequence from
the drainage divides.

3.1.1. Near-divide sedimentary sequence

The pedostratigraphic sequence illustrated in Fig. 2 was preserved
near the drainage divides of the so-called “Cerro do Touro” hill, one of
the highest summits in the study area. The sequence is part of a system
of colluvial ramps, which remain perched over a dissected first order
valley.

Colluvial lenses and layers intercalate with thick buried epipedons
(pedostratigraphic units 5 and 11 of Fig. 2). The sequence is truncated
at the centre of the figure by channel-like features, constituting cut-
and-fill sedimentary structures, filled by undifferentiated colluvium,

1 meter

227 Aorzons
Q Colluvia

Fig. 2. Schematic illustration of the pedostratigraphic sequence, which is located near
the divides. Numbers correspond to main sedimentary units. Note the apparent increase
in the volume of sediments, which is suggested by the increasing width of the gully
infilling sets (A, B, C, D) upwards.

1 meter

5 25 50 75 95

Fig. 3. Distribution of samples in the Flemming diagram. Squares indicate samples from
buried epipedons. Circles indicate colluvial samples. Different genetic materials tend to
cluster in different zones of the diagram.

the geometry of which follows the present topography. The sequence 196
ends up with the present-day thick umbric epipedon at the top. 197
Textural classification of materials from this section may be observed 198
in Fig. 3. 199

As expected, different materials tend to distribute along different 200
zones of the diagram, contributing to faciologic analysis (Flemming, 201
2000; Oliveira and Lima, 2004). Material from colluvial units are 202
grouped around the centre of the diagram, while samples under the 203
influence of pedogenesis are distributed along a wider range of 204
textural classes, depending on their silt content. Gravel content in 205
colluvial samples ranges from 4.3% to 12.38%, falling to 0.41% in 206
samples from the buried palaeosoils. 207

According to radiocarbon ages (Table 1), unit 5 was probably de- 208
veloped during the Last Glacial Maximum (LGM) and unit 11 during a 209
period between the LGM and the Holocene. No vegetal remnants were 210
identified inside these buried epipedons and pollen analysis showed 211
only degraded pollen grains, precluding pollinic study. The black color 212
of the horizons (10YR 2/1) and their carbon content indicates buried 213
umbric epipedons (Lima, 2005). Soil carbon content and &C soil 214
carbon content of the set buried soils are displayed below (Fig. 4). 6'3C 215
values indicate a mixture of Cs type (trees) and C,4 type (grass) vege- 216
tation in both palaeosoil horizons. These soil organic matter (SOM) 217
results indicate the presence of herbs and trees, which is typical of the 218
Brazilian Cerrado/Campos transition. 219

According to the topographic position of the sequence, SOM 220
analysis suggests that trees and bushes were established near the 221
water divides of the study site, during the LGM. In addition, 222
stratigraphy and radiocarbon dates suggest a change of sedimentary 223
pattern along the sequence. Before and around the LGM, probably 224
under the influence of diffusive mass movements and low tempera- 225
tures, colluvial lenses and layers intercalated to thick umbric epi- 226
pedons (see Fig. 2). After the LGM, evidence suggests that gully erosion 227
produced cut-and-fill structures that were quickly buried under a 228
thick colluvial layer. This gully erosion episode took place after *C 229
15,260+80 years BP, probably documenting a change of the site’s 230

Table 1 t1.1
Data for radiocarbon ages of the watershed sequence samples

t1.2
Laboratory code (#) Beta-124761 Beta-106474 t1.3

Field code (#) CA.24-10.A1 CAS-1 t1.4
Depth of the sample (m) 12 22 t1.5
Stratigraphic unit 11 5 t1.6
Analysis AMS AMS t1.7
Age ('C years BP) 15,260+80 19,130+110 t1.8
6'3C (%) -25.0 -25.0 t1.9
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Fig. 4. Soil organic carbon content and 6'C values of the watershed site buried soils. Generally, 5'>C values range from —30 to - 22 per thousand for Cs type plants (trees) and from -17

to -9 for C4 type ones (grass).

hydrologic pattern, passing from diffusive mass movements to
concentrated overland flows. The evident increase in thickness of
the last colluvial layer (unit 12), combined with increasing amounts of
infilling material in the main gully incision (A, B, C, D subunits),
suggest a period of increasing local sedimentation on the slope.

3.1.2. Valley head sedimentary sequence

The sequence illustrated in Fig. 5 was surveyed at the inner
downslope border of a clay quarry. It represents a typical accretionary
valley head environment, in which episodic erosion and sedimenta-
tion had intercalated with soil development and slow decomposition
of organic matter, under the influence of shallow water-table levels.
Further details on '*C, OSL and TL ages are given in Tables 2 and 3,
respectively.

The set begins, at the base, with a 30 to 50 cm thick colluvial
layer composed of sub-parallel lenses of weathered gravels,
displaying subsidiary cross-lamination (unit 1). This unit rests dis-

cordantly over the deeply weathered neoproterozoic pyroclastic 247
bedrock and probably dates from an early LGC period (TL 90,000 248
411,000 years BP). An abrupt but continual muddy transition above 249
led to a buried peat bog, 150 cm thick (unit 2). The ages obtained for 250
unit 2 suggests that the upper part of the unit was probably formed 251
during marine isotope stage number 3 (MIS 3), while the lower part 252
is apparently older than the limit of radiocarbon dating (Tables 2 253
and 3). 254

Unit 2 peat bog is covered by about 1.5 m of undifferentiated mud 255
material, strongly altered by hydromorphy (unit 3). The top of this 256
hydromorphic unit preserves remnants of a buried ochric epipedon 257
truncated by erosion (unit 4) (Fig. 5). A lag deposit composed of well- 258
sorted coarse sands is found along the resulting stratigraphic 259
disconformity. This sandy deposit was dated by OSL as 6625 260
750 years old and marks the limit between pleistocenic and 261
holocenic sequences at this site. The lag deposit is covered by 75 cm 262
of muddy gravel material, displaying normal grading (unit 5). The 263

NW

SE : NE SW

Profile| 90° inflexion

LOE 6.6 ka. ue 37 k5a: 4

Present umbric horizon
Colluvial / alluvial layers

| Buried ochric epipedon

Buried peat, grading to umbric epipedon
at higher topographic levels

Fig. 5. Schematic representation of the valley head pedostratigraphic sequence. The numbers correspond to main sedimentary units. Note the general concave geometry of the lower

sedimentary units and the general convexity of the upper ones.
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Table 2

Data for radiocarbon ages of the valley head sequence samples

Laboratory code (#) # 953/CENA # 520  # 851/CENA # 444 Erl-5456
Field code (#) Paleo-2 CA-TOPO PH-09/02-2
Depth of the sample (m) 2.5 5.4 6.9
Stratigraphic unit 4 2 (top) 2 (base)
Analysis AMS Radiometric AMS

Age (C years BP) 37,000+1425 49,300+9700-4250  >50,000
63C (%o) -19.5 -29.0 -28.82

sedimentary set terminates with 2.5 m of very-finely-stratified
colluvium, made up of alternated lenses of weathered gravel, sand
and silt sized particles (units 6 and 7). The dates obtained allow
dividing the sequence into two different sub-sequences, the first from
the Pleistocene (units 1, 2, 3 and 4) and the second from the Holocene
(units 5, 6, 7 and 8).

3.1.2.1. Results from the pleistocenic units. — Detailed textural analysis
was performed on samples of units 2, 3, 4 and 6. The buried peat
deposit (unit 2) was subjected to detailed sedimentologic and
palynologic investigation. Textural classification of unit 2 materials
is illustrated in Fig. 6. Viewed as a whole, samples of unit 2 may be
grouped in two separate levels: an inferior, texturally coarser level and
a superior, texturally finer level, as illustrated in Fig. 7. The two textural
levels are separated at a depth of approximately 590 cm by a strong
enrichment in clay-sized material.

The summary pollen percentage diagram of a core taken from
this peat layer (unit 2), including pollen concentration and the
cluster analysis dendrogram, shows that the pollen diagram also can
be divided into two local pollen zones: respectively, zone I and zone
I (Fig. 8). The pollen percentage diagram shows the major
significant taxa based on the total pollen sum (Fig. 9). Identified
pollen taxa were grouped into Campos, Araucaria forest and Atlantic
rain forest.

Pollen zone 1 (150-45 cm, 11 samples) is characterized by abundant
Campos (grassland) pollen taxa (60-67%), primarily Poaceae, followed
by Cyperaceae, Baccharis, and Asteraceae subf. Asterioideae and other
taxa such as Apiaceae, Eryngium and Valeriana, which occur in lower
percentages. Araucaria Forest pollen sums are moderate (25-32%),
represented primarily by Myrtaceae, followed by Podocarpus, Wein-
mannia, Melastomataceae, Myrsine, Ilex, Symplocos and Daphnopsis.
Pollen grains of Araucaria angustifolia, except one single grain, are
missing. Percentages of Atlantic Rain Forest pollen taxa are low (1-3%)
and represented only by single grains such as Alchornea, Celtis and
Moraceae/Urticaceae. Aquatic pollen taxa are absent or were found
only in single grains. Tree fern spores of Cyathea and Dicksonia are
recorded in low percentages. Other fern spores are more frequent,
primarily represented by the Blechnum imperiale-type and monlete
psilate spores. Percentages of moss spore are rare.

In pollen zone II (45-0 cm, 5 samples) pollen grains represent the
Campos vegetation, which are continuously predominant along the
sequence (60-70%). Percentages of Eryngium and some other Campos
pollen taxa are somewhat lower, while other taxa remain unchanged.
The sum of the Araucaria Forest group is similar to zone I, but the

Table 3

Data for luminescence ages of the valley head sequence samples

Laboratory code (#) LVD-1127 LVD-662
Field code (#) CA-base-LOE CA-SC-73

Depth of the sample (m) 34 7.5

Stratigraphic unit Lag deposit 1 (base)
Dating method OSL TL

Annual dose (uGy/yr) 436+40 1800+40

P (Gy) 2.89 150

Age (years) 6625750 90,000+ 11,000

5 25 50 75 95

Fig. 6. Flemming textural classification of materials from unit 2 buried peat bog. Most of
the peat material is characterized as Flemming type sandy mud (50 to 75% of mud),
slightly sandy mud (75-95% of mud) and mud (>95% of mud).

composition changed, as Myrtaceae percentage is slightly lower than 307
in zone I, and percentages of Podocarpus are markedly higher. Also, 308
percentages of Weinmannia became rare. Percentages of the group of 309
Atlantic Forest taxa remain at low levels (1-2%), but pollen of 310
Melastomataceae/Combretaceae decreases, while Myrsine increases. 311
Tree fern spores and the Blechnum imperiale-type decrease in this 312
zone. 313

This pollen record suggests a change in composition along unit 2 314
from an older period of relatively drier and warmer climate (pollen 315
zone 1), to a younger period of wetter and colder climate (pollen 316
zone. II). This inference is based on the higher percentages of Podo- 317
carpus and the rare occurrence of Weinmannia in the younger pollen 318
zone II.-Indeed, Podocarpus needs relatively wet environment for 319
growth and Weinmannia would be sensitive to lower LGC tempera- 320
tures (Behling, 1993). 321

The 6'3C analysis of unit 2 suggests the predominance of tree 322
species, or Cs type grasses as Cyperaceae, along the entire unit (Fig. 10). 323
Total carbon content decreases continuously from the base to the top 324
of the profile. The association of C3 grasses and trees in unit 2, the age 325
of which coincides at least with MIS 3, may be explained either as a 326
consequence of early MIS 3 general interstadial trend, or as a 327
consequence of the local concave topography of the buried valley 328
head, making a transitive environment between grasslands in the 329
summits and gallery forests in the valleys. 330

Units 3 and 4 are mainly constituted by material classified as 331
clayey slightly sandy mud, suggesting an apparent low energy envi- 332
ronment for deposition of unit 3. Unit 4 radiocarbon age indicates 333
that this soil epipedon had developed by the end of MIS 3 (Table 2). 334
SOM data obtained from this unit is also displayed in Fig. 10, where 335
more enriched 'C values indicate the presence of less dense 336
vegetation, probably with C4 type herbs increasing in importance. 337
Globally, SOM results coincide with pollen data (Figs. 8 and 9), 338
suggesting the predominance of a relatively wet local climate 339
condition during the formation of the LGC peat bog (unit 2), which 340
was followed by a relatively local climatic degradation, probably due 341
to increasing dryness, leading to the formation of unit 3 altered 342
muddy material and to unit 4 ochric epipedon, usually formed under 343
warmer conditions in Brazil. 344

These results suggest that periods of erosion and sedimentation 345
had alternated with periods of soil development, in a local environ- 346
ment where a shallow water table gave rise to peat accumulation, 347
slow deposition and hydromorphic weathering. This local soil 348
saturated pedoclimatic condition had probably prevailed during the 349
early MIS 3 interstadial, by the end of which deposits and soils of unit 350
3 and 4, together with SOM data, bear evidence of increasing dryness. 351
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Fig. 7. Grain size ratio (<2 um/>10 um) estimated at 5 cm intervals for the 150 cm long peat bog.

3.1.2.2. Results from the holocenic units. The beginning of the set
holocenic sequence is marked by the erosive discontinuity over the unit
4 ochric epipedon. LOE dating of the lag deposit along the discontinuity
suggests that unit 4 was truncated by erosion during the Mid Holocene
(see Table 3). The first deposit over the erosive discontinuity is a 75 cm
thick normal graded layer of muddy gravel (unit 5). This layer is covered
by about 2.5 m of finely stratified colluvial/alluvial material composed
of alternated lenses of gravel, sand and mud (units 6 and 7) (see Fig. 5).
Since clasts of these layers are completely weathered, forming loose
alterorelicts (sensu Delvigne, 1998), their textural analysis was con-
ducted by optic microscopy. Samples from the erosive discontinuity
and from units 5 and 6 were analyzed.

Results of the micromorphologic analysis of samples from this
transition and from samples of unit 5 and 6 suggest: a) shearing near
the top of the buried truncated epipedon (unit 4); b) relatively rapid
local burying, following erosion of unit 4; c) carbonized small roots in
pedotubules of unit 4; d) clastic deposition inside unit 4 cracks and e)
post-depositional weathering of overlaying units (units 5 and 6)
(Oliveira et al., in press).

Unit 6 is composed of alternated lenses of mud and gravel. If 371
plotted in ternary diagrams for textural classification, the muddy 372
subunits would be classified as Flemming's clayey sandy mud (C-V) 373
and very clayey slightly sandy mud (D-V), while the gravelly subunits 374
would classify as gravelly mud, muddy gravel and gravelly muddy 375
sand, according to Folk's ternary diagram (Folk, 1974). Fig. 11 illustrates 376
scanned images of thin lenses obtained from a sample of unit 6 (Fig. 377
11A) and from one sample of contemporary rain-wash deposits (Fig. 378
11B). The latter was created over the bare floor of the study site clay 379
quarry (Fig. 12), about 50 m from the pedostratigraphic sequence, after 380
three days of rain, amounting to about 59.7 mm. Clastic material from 381
holocenic and contemporary deposits of Fig. 11 seem to come from the 382
same source area. 383

A comparison of the scanned thin lenses shows similar structures, 384
although some important differences may be noted (Table 4). 385
Alternation of coarse and fine lamina is common in both holocenic 386
and contemporary samples. Inner detailed structures show that the 387
holocenic sample (Fig. 11A) is mainly composed of discrete massive 388
and compacted lamina of mud, sands and gravel, since 67% of the 389
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Fig. 8. Summary pollen percentage diagram, including pollen concentration.and the cluster analysis dendrogram, of the buried peat bog.

laminae are massive (units 1, 2, 3, 4, 6, 9', 10, 11), while 33% display
preferential organization (units 5, 7, 8, 9) (Table 4). The present-day
rain-wash sample (Fig. 11B) has 53% of massive lamina (units 1, 2, 3, 4,
7, 8, 13), while 47% are better organized (units 5, 6, 10, 10', 11, 12, 14)
(Table 4). Massive and preferentially organized lamina in the
contemporary sample present a more openly-packed framework
structure, mainly composed of sand, gravel and some mud.

The geometry of lamina in both samples shows that fine gravel and
coarse sand compose lenticular bodies, while fine sand and mud tend
to make parallel-sided lamina (Fig. 11), eventually developing inner
lamination, clearly visible under microscopy. The holocenic deposit
displays better sorting and better inner ‘organization in finer
sediments (fine sands and mud), while poor sorting and massive
lenses are mainly made by coarser sediments (Table 4). The
contemporary deposit does not display any clear textural relationship,
in spite of a tendency to improve inner organization in the lower mode
matrix-supported lamina (Table 4).

The two samples have a similar geometry of coarse and fine
lamina and lenses. In general, the inner organization is quite similar,
although a slight ‘majority of massive lamina is observed in the
holocenic sample. In spite of this, the holocenic lamina have a strong
correlation between grain size and sorting (r=0.72), while the
contemporary lamina display no significant correlation between
textural characteristics (Table 4). In addition, the holocenic lamina
are slightly better sorted than the contemporary ones (67% of
holocenic and 60% of contemporary lamina classify as well to very
well sorted sediments).

Little doubt exists about the origin of the contemporary deposit,
since it is the fresh result of rain-washing flows, witnessed in the field
(Fig. 12). Concerning the holocenic deposit, if we take into account,
first, its depositional setting (an unchanneled swale); second, the
general structural similarities between coarse and fine lamina in

holocenic and contemporary samples; third, the general description 422
of the holocenic deposits at the stratigraphic section, we must 423
suggest: a) that both contemporary and holocenic deposits are 424
typically slope wash deposits; b) that rain-washing flow is the main 425
depositional agent in both cases (Oliveira et al., in press). This 426
suggestion is also supported by the differences between the two 427
samples: a) the pluvial contemporary deposit is better organized, 428
although poorly sorted, probably due to the continuous variation of 429
precipitation rates during the three rainy days recorded, leading to 430
mechanical sieving and impregnation of coarser sediments by finer 431
ones, during lowering flow rates (Ferreira and Oliveira, 2006); b) the 432
torrential holocenic deposit is mainly massive, although better 433
sorted, suggesting sporadic variable pulses of precipitation with 434
rapid deposition, which are characteristic of drier environments. 435
Indeed, massive, parallel laminated and graded sandy laminae are all 436
indicative of depositional processes associated with fluctuations of 437
fluid flow strength. Massive and laminated sands, which predominate 438
in the holocenic sample, indicate rapid deposition, while grading, 439
more frequent in the contemporary sample, is usually associated with 440
fluctuations in flow energy. Considering this evidence, general and 441
detailed structures found in the holocenic Unit 6, of this valley head 442
sequence, suggest that the holocenic units were formed in an alluvial 443
fan-like setting, during the early to mid Holocene, under the in- 444
fluence of rain-washing flow. 445

As a result, the holocenic sequence reveals deposits that had 446
probably formed under the influence of pulses of rain-washing over 447
the adjacent slopes of the study valley head, implying local footslope 448
aggradation in a sedimentary setting that was probably marked by 449
long dry seasons during the mid Holocene. Indeed, relative dryness is 450
required to explain such deposits, since it causes the necessary 451
rarefaction of vegetation for rain-washing flows over relatively bare 452
slope surfaces, building up alluvial fan structures (see Fig. 12). 453
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3.1.3. Valley bottom sedimentary sequence

The sedimentary sequence is located about 700 m downslope from
the near-divide study site (see Section 3.1.1 above), and pertains to the
same drainage system. The sequence was built up in an alluvial fill, at a
reach where the deep incised first order valley widens, upslope from a
local rocky base level. As suggested by Fig. 13, the sedimentary
sequence looks like a typical floodplain deposit with alternating
channel fill sands and overbank mud (Miall, 1985).

valley head sedimentary sequence. Generally, 6'>C values range from -30 to -22 per

The sequence begins with a colluvial layer, set over one of the side- 462
slopes .of the valley floor (unit 1). An undated umbric epipedon 463
evolved over this layer (unit 2) (Lima, 2005), before it was buried 464
under a second colluvial layer (unit 3). Erosion of colluvia, soil and 465
valley floor probably preceded deposition of the sandy and gravel 466
onlaping alluvial lenses of units 4 and 5. The unit 5 gravel layer 467
preserves plant material inside, resting discordantly over the previous 468
units. A peat deposit was developed over these gravels (unit 6), which 469

10 mm B

Fig. 11. Scanned images obtained from thin sections of Quaternary (A) and contemporary (B) deposits. Images were taken under transmitted light. Numbers indicate the sedimentary

units, the transition of which is emphasized by drawing lines. Note glebule (G) at the base of
was associated with soil erosion.

unit 2, in (A), which actually is a fragment of soil aggregate, indicating that the deposit

channel processes in southern Brazilian highlands, Catena (2008), doi:1
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Fig.12. Sedimentary pattern of a slope wash deposit, created along the floor of the study
clay quarry, after a 60 mm rain event. The deposit was located upslope of the valley head
pedostratigraphic sequence, about 50 m away.

was partially truncated by erosion, probably in association with the
deposition of a channel fill (unit 7), marking the beginning of the
floodplain deposits. A series of overbank clayey and silty deposits
follows (units 8,10, 12, 13, 15, 16 and 17), alternated with sandy lenses
(units 9, 11 and 14). Unit 18 is the current epipedon, which is already
partially buried under a thin and discontinuous layer of colluvium
from the adjacent side-slope (unit 19). Further details on '“C and TL
ages obtained from materials of the sequence are given in Tables 5
and 6 respectively.

The textural classification of materials in the sequence is
illustrated in Fig. 14. Most of the deposit is composed of muddy
material. Overbank sediments-and buried epipedons range from
Flemming textural types, slightly sandy .mud (D) to mud (E), while
channel fill sediments range from sandy mud (C) to muddy sand (B),
plotting in different domains of the diagram. The gravel content of
sediments varies from 10% to 50% in colluvial samples and does not
exceed 5% in alluvial samples. There is no SOM analysis for material
from the sequence.

A core of the buried peat layer (unit 6) was studied by pollen
analysis. The summary pollen percentage diagram of the core can be
divided into two local pollen zones, zone 1 and zone 2 (Fig. 15).

Pollen zone 1 (223-188 cm, 4 samples) is characterized by
abundant Campos (grassland) pollen taxa (70-85%), primarily Poaceae,
followed by Cyperaceae, Asteraceae subf., Asterioideae and Baccahris.
Araucaria Forest pollen sums are moderate (10-20%), represented
primarily by Melastomataceae and Myrsine, followed by Weinmannia
and Myrtaceae. Pollen grains of Araucaria angustifolia are missing. The
representation of Atlantic Forest pollen taxa are low (1-3%) with some
single grains such as Alchornea and Moraceae/Urticaceae. Tree fern

spores of Cyathea and Dicksonia are recorded in low percentages. 499
Other fern spores are more frequent, primarily represented by the 500
Blechnum imperiale-type and monlete psilate spores. 501

In pollen zone 2 (188-152 cm, 4 samples) pollen of the Campos 502
vegetation are still frequent (50-60%), but markedly less so than in 503
zone I. Percentages of Poaceae decrease while Cyperaceae percentages 504
increase at the top of the core. Other Campos pollen taxa remain 505
unchanged. The sum of the Araucaria Forest group increase, especially 506
by Myrtaceae and Weinmannia. Also, other Araucaria Forest taxa 507
appear, such as the Lamanonia speciosa-type, Clethra, the Symplocus 508
tenuifolia-type and S. lanceolata-type. Percentages of the group of 509
Atlantic rain forest taxa remain at low levels (1-2%). Ferns such as 510
Blechnum imperiale-type decrease in this zone, while tree fern Dick- 511
sonia sellowiana and Monolete psilate percentages increase, followed 512
by Cyathea and Trilete psilate types. 513

This Late-glacial age pollen record suggestsa change from an older 514
period with a relatively dry and cold climate (pollen zone 1), before 515
14C 11.8 ky, to a younger period with a wetter and warmer climate s
(pollen zone 2), ending at 'C 11.3 ky. This is reflected by a change from 517
Campos with some gallery forest towards larger areas of Araucaria 518
forest, mainly in the form of gallery forest along the valley. The general 519
expansion of the gallery forest, the increase of tree ferns such as 520
Dicksonia sellowiana and Weinmannia trees also indicates wetter and 521
warmer conditions during the pollen zone 2 period. Since the top of 522
the deposit is missing, probably truncated by erosion before burial, no 523
further conjecture is possible at this time. 524

Globally, this first order valley sequence bears evidence of shallow 525
braided channel sedimentation around TL 86 ky. This LGC deposit was 526
covered by peat, formed in a shallow swampy environment at the site 527
valley bottom, at least around the Late Pleistocene (>'C 11.8 ky BP to 528
¢ 11.3 ky BP). Radiocarbon ages, together with pollen record, sz
indicate a relatively rapid change in vegetation composition, in about 530
500 years, which coincides with the end of the northern hemisphere's 531
Younger Dryas. The peat deposit was partially truncated and covered 532
by undated overbank deposits characteristic of single thread channels, 533
suggesting a switch from an earlier braided system, passing from a 534
swampy environment, to a low-energy fluvial single thread system. 535

3.2. Stratigraphic correlation 536

Based on measured ages, the different pedostratigraphic sequences 537
were superposed in a graphic sedimentary log (Fig. 16) that presents 538
the maximum thickness of the main layers at each site, as well as their 539
general characteristics. Organized as such, the study deposits may be 540
divided in three different sequences: Lower Sequence, Intermediate 541
Sequence and Upper Sequence. 542

As suggested by Fig. 16, the study ages coincide with a relatively 543
wide LGC time span, embracing several recognized climatic events in 544
both hemispheres, such as marine isotopic stages (MIS 5, MIS 3, MIS 2 545
and MIS 1), substages (5c¢, 5b, 5a), millennial oscillations on climate 546
improvement periods (Belling/Allered interstadials; warming trend 547
before Antarctic Cold Reversal) and Late Pleistocene events (Younger 548
Dryas) (Bond et al., 1993; Blunier et al., 1998; Blunier and Brooks, 549
2001; Cortese and Abelmann, 2002). The study record is truncated, as 550
usual, and one radiocarbon age is technically ambiguous, but the 551

Table 4 t4.1
Data for radiocarbon ages of valley bottom sequence samples

t4.2
Beta 203292 t4.3

NE-F6-AM16 t4.4

Laboratory code (#)
Field code (#)

Depth of the sample (m) 1.88 t4.5
Stratigraphic unit 6 (Middle) t4.6
Analysis Radiometric t4.7
Age (C years BP) 11,850+-70 t4.8
63C (%o) -18.8 4.9
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sedimentary source-to sink pathway of the study near-valley head
sites is definitely short and coincidences seem consistent. In addition,
independent radiocarbon and luminescence ages reported for all three
Southern Brazilian States (Parand; Santa Catarina; Rio Grande do Sul)
also suggest the likeliness of a regional signal in Southern Brazil (Fig.
17), probably linking erosive and sedimentary events to global and
hemispheric climatic trends, which could be summarized as follows,
according to Fig. 16 idealized sedimentary sequence.

3.2.1. The Lower Sequence

a) About TL 90 ky to 86 ky: erosion of weathered mantles and
deposition of gravels with subsidiary cross-lamination on slopes and
adjacent valleys. Correlative global and hemispheric events: MIS 5b
stadial (N.H.) and change from interstadial to stadial condition (S.H.)
(Aharon and Chappell, 1986; Cortese and Abelmann, 2002). Possible
scenario: erosion and deposition by rain-washing and flash floods in
slopes and valleys, during stadial transition. b) About #C 49 ky BP, or
earlier (>50 ky): peat development and proxy evidence (pollen and
isotopes) for a relatively wet local environment, with changes in
temperature and humidity during the period (from dyer and warmer
towards wetter and colder). Correlative global and hemispheric
events: abrupt climatic oscillations in a longer-term cooling trend;
Dansgaard-Oeschger stadials (N.H.) and interstadial oscillations (S.H.)
of MIS 3 interstadial (Bond et al., 1993; Peterson et al., 2000; Cortese
and Abelmann, 2002). Possible scenario: abrupt changes during a local
MIS 3 insterstadial that was colder than today, but still humid enough
to develop and preserve peat deposits on'valley heads. c) About C
38 ky BP: development of ochric epipedon on valley heads and proxy
isotopic evidence of local vegetation rarefaction. Correlative global and
hemispheric events: same as above, during MIS 3 (Bond et al., 1993).
Possible scenario: although colder than today, relatively warm and dry
climate during one of the MIS 3 southern hemisphere interstadial
oscillations. The limit between Lower and Intermediate Sequences
(Fig. 16) may be determined by the stratigraphic site-discordance
created around OSL 6.6 Ky, but a causal relationship with any other
obliterated erosive or depositional event is not to be discarded.

3.2.2. The Intermediate Sequence

a) About *C19 ky BP: diffusive colluvial deposition; development
of thick umbric epipedons and proxy evidence (isotopic) of mixed
grasslands and forests (Cerrado) near the study drainage divides.
Correlative global event: MIS 2 last glacial maximum (LGM) in both
hemispheres (Sowers and Bender, 1995). Possible scenario: morpho-

correspond to main sedimentary units. The sequence was surveyed by manual drillings.

genesis and pedogenesis.in a local environment colder and dryer than 593
today, but stillhumid enough to develop thick umbric epipedons and 594
enable the establishment of trees and bushes around summital areas. 595
b) About C 15.3ky BP: scattered colluviation and umbric epipedon 596
development, followed by a change of local slope hydrology, passing 597
from diffuse mass movements towards gully erosion and cut-and-fill 598
structures. Correlative global and hemispheric events: climatic 599
improvement between MIS 2 and MIS 1; stadial period before 600
Bolling-Allered interstadials (N.H.) and warming trend before the 601
Antarctic Cold Reversal Oscillation (S.H.) (Sowers and Bender, 1995; 602
Blunier et al., 1997). Possible scenario: adaptation of hydrogeomorphic 603
systems during period of warming trend (Climatic Improvement), 604
approaching Termination I (Schaefer et al., 2006). c) Between 'C 605
11.8 ky BP and '*C 11.3 ky BP: peat development in a swampy valley 606
environment; proxy pollinic evidence of local climatic change from 607
colder and dry towards warmer and wetter conditions. Correlative 608
global and hemispheric events: end of the Younger Dryas (N.H.), Late 609
Pleistocene oscillations (S.H.) (Broecker, 1995; Sugden et al., 2005). 610
Possible scenario: rapid response of vegetation to climatic ameliora- 611
tion and lower energy depositional environments near the valley 612
heads in a period correlative to the end of N.H. Younger Dryas. There is 613
a gap in the study Intermediate Sequence, between 15.3 ky and 11.3 ky 614
that prevents interpretation about the transition between the Climatic 615
Improvement period and the eventual onset of the Late Pleistocene 616
Younger Dryas. The limit between the Intermediate and Superior 617
Sequences (Fig. 16) may be defined either by the OSL 6.6 ky 618
stratigraphic disconformity, or by any other erosive event among '“C 619
15.3 ky and 'C 11.3 ky. 620

3.2.3. The Upper Sequence 621
a) About OSL 6.6 ky: soil erosion; sedimentologic and micromor- 622
phologic evidence of dry conditions and wildfires; relatively thick well 623

Table 5 5.1

Data for luminescence age of the valley bottom sequence sample

Laboratory code (#) LVD-1128 f%%
Field code (#) CA-Terrago t5.4
Depth of the sample (m) 24 t5.5
Stratigraphic unit 5 5.6
Dating method il 5.7
Annual dose (uGy/yr) 1.150+26 t5.8

P (Gy) 100 5.9

Age (years) 86,000+10,500 t5.10 Q2
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Table 6

Comparison between South America LGC events reported by Iriondo (1999) and events deduced from the study sedimentary sequences

Late quaternary Patagonian pattern (P) Venezuelan pattern (V)

Study highlands pattern

stage
MIS 5 No mention No mention Stadial, or stadial transition. Flash floods on slopes and valleys
MIS 4 Cold. Extremely stable dryness Oscillating cold and warm climates No mention
MIS 3 Warming climate with 3 major Cold, followed by irregular climatic Colder than today and humid. 3 stratigraphic events (peat; mud
alternated events (humid/dry/humid) improvement and glacial events deposits; ochric epipedon). Warming and drying to the end of IS.
MIS 2 Similar to MIS 4 Cold and wet before 23 ky. Glacial Cold. Although dryer, relatively wet at 19.5 Kky.
events between 23 ky and 19.5 ky.
Climatic Increasing humidity by 15-16 ky Lower temperatures and dry climate Cold, but increasing humidity after 15 ky.
improvement before 13 ky

Late Pleistocene
(Younger Dryas)
Hypsithermal

Increasing dryness and torrential
events

Warm and humid climate. Floods and Warm and humid (9.35

Warm and humid (12.25 ky-11.96 ky).
Cold and humid (11.7 ky-9.51 ky)

Late Glacial conditions (dryer). Change to humid climate at
11.8 ky, with lowering fluvial energy.

ky-6.2 ky). Increasing dryness. Seasonal regimes and wildfires.

stratified rain-wash deposits on aggrading bare footslopes. Correlative
global and hemispheric evidence: Hypsithermal (N.H.); warmer
climates, either dry or wet (S.H.) (Iriondo, 1999). Possible scenario:
local mid Holocene dryness and a seasonal, contrasted climatic regime.

4. Discussion
4.1. Highland near-valley head climate constraints in Southern Brazil

Since no consistent evidence of local influence of tectonism has
come to light so far, the study's near-valley head stratigraphic record
seems related to the adaptation by local geomorphic systems to
environmental constraints that coincide with global and hemispheric
climatic changes. This adaptation to climate-driven factors seems to
follow a pattern in which important changes in erosion, sedimentation
and pollen taxa production tend to cluster around periods of transition
between stadials and interstadials, whatever the sign of the climatic
change, although warming periods seem to produce more important
geomorphogenic responses. During climatic “steady-state” periods,
such as interstadials and stadials, ochric and umbric epipedons and
peat deposits formed, in addition to less expressive diffusive
colluviation (Fernandes and Dietrich, 1996). This general pattern, if
correct, is probably due to local responses of geomorphic systems to
changes in the principal South American first-order climatic systems:
the ITCZ, the trade-winds and the three oceanic anticyclones: Azores
(AA), South Atlantic (SAA) and South Pacific (SPA).

The record of climatic changes in the South American plains
between MIS 4 and Little Ice Age was summarized by Iriondo (1999)
who identifies the influence of two main climatic pattern types,
derived from present-day dynamics of. South-American climatic
systems. On the basis of previously published data, the author points
to an inversed correlated climatic signal between northern and
southern South America during Quaternary climatic oscillations. This
inversed signal is explained as a consequence of the preponderant
influence either of the southern Pampean climatic type pattern (P), or
of the northern Venezuelan climatic type pattern (V). Comparison
between events reported by Iriondo (1999) and the study events is
illustrated by Table 7.

As far as the information reported in Table 7 coincide, events in the
study highlands fit better with the Patagonian (P) pattern, in
agreement with Iriondo’s climatic types distribution in South America
(Iriondo, 1999, p. 110), although coincidence seems stronger during
irregular oscillating periods (MIS 3, Climatic Improvement, Late
Pleistocene-Y.D.). During “steady-state” stages (MIS 2 and Hypsither-
mal) a mixed Venezuelan (V) pattern seems to preponderate.
Generally, these coincidences are coherent with the previously
mentioned apparent pattern of adaptation of the study geomorphic
systems to climate-driven factors, where periods of transition would
lead to morphogenesis while “steady” periods would induce umbric
epipedon and peat formation.

The explanation may be controversial, but probably relates to the 671
balancing effects of cold southern air masses and continental or 672
oceanic tropical air masses around the study area (Grimm et al., 2000). 673
The strong South America latitudinal asymmetry, caused by warm 674
ocean waters in the North and cold ocean currents in the South 675
(Iriondo, 1999), would tend to reinforce effects of regional tempera- 676
ture gradients during irregular oscillating periods, or transitions, 677
enabling expansion of the Patagonian (P) pattern to lower latitudes, 678
either as a result of spreading colder and denser southern air masses, 679
or as a consequence of weakening SAA influence. Tropical continental 680
and oceanic air masses would tend to increase in influence during 681
“steady-state” periods, either cold or warm, pushing the Venezuelan 682
climatic pattern (V) southwards. 683

Reported results from the Cariaco Basin, off the Venezuelan coast, 684
suggest that increased precipitation and river discharges are closely 685
linked to MIS 3 interstadial abrupt shifts, as recorded in Greenland ice 686
cores (Peterson et al., 2000). This would also suggest that northern 687
South. America climatic changes would be synchronous to the 688
northern hemisphere's major climatic changes, emphasizing the 689
existence of far-reaching teleconnection effects that link Milankovi- 690
ch's “sensitive latitudes” to equatorial climate, or vice-versa. Evidence 691
of a mixed Venezuelan “V” pattern at the study LGM and MIS 1 record, 692
during “steady state” periods, may be viewed as another example of 693
the teleconnection hypothesis. However, the reasons why the study 694
record suggests an extending influence of the “V” pattern climate to 695
areas where the “P” pattern would be expected (Iriondo, 1999) are still 696
not clear enough for further conjecture. 697

Iriondo’s bi-polar model also predicts local transient climatic 698
conditions. Concerning the study area, these local conditions may be 699

@ Channel fill

O Overbank muds
B Peat

O colluvium

SILT

5 25 95

Fig. 14. Flemming textural classification of materials from the valley bottom
sedimentary sequence. Different genetic deposits tend to cluster in different zones.
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Fig. 16. Idealized sedimentary log of all study pedostratigraphic sequence's deposits.
The numbers indicate the main sedimentary units, ordered by their age.

important, since the sites locate near the watersheds, about 1000 m a.
s.l, in valley heads of very:small catchments, perched between the
steep Atlantic Serra do Mar ranges and the gentle westerly dipping
Southern Brazilian Plateau highlands. Under these circumstances,
Atlantic Polar Cold Front migration and local orographic effects may be
equally important controlling factors, influencing the response of
hydrogeomorphic systems. This is probably the case for the evidence
found in this study of dryness during the mid Holocene, as well as for
the relatively wet conditions during MIS 3 and LGM.

Independent interpretation for the “Serra Campos Gerais” pollen
record had suggested a Holocene palaeoclimate with a long dry season
(Behling, 1997a). This may also have been the case for the study sites,
where no annual dry season occurs under modern climatic conditions.
This climatic condition with a marked seasonal dry period in early and
mid Holocene could be explained by a stronger influence from dry,
tropical continental air masses in Southern Brazil (Behling, 1993),
which would have blocked polar cold fronts farther south preventing

precipitation over the study area. Evidence of longer dry seasons in the 717
early Holocene were also found in different records from S and SE 718
Brazil (Servant et al., 1989; Behling, 1997b; Pessenda et al., 2004; Melo 719
and Cuchierato, 2004; Moro et al., 2004), suggesting a regional trend 720
which points to possible future local effects of current global climatic 721
warming. In addition, according to models run by Wasson and 722
Claussen (2002) this relative early-mid Holocene dryness would be 723
expected to occur in Australia and Africa, at similar latitudes, and even 724
at lower ones, as suggested by the short arid pulses depicted by high- 725
amplitude lake regressions in the main Ethiopian rift during the 726
period (Benvenuti et al., 2002). 727

The chronology of the study near-valley head stratigraphic record 728
is coincident with global and hemispheric events depicted in Green- 729
land and Antarctic ice caps (Bard et al, 1997; Blunier et al., 1998; 730
Blunier and Brooks, 2001; Clark et al., 2002; Weaver et al., 2003). 731
Conjecture about major regional climatic factors may explain why 732
transitions between stadial and .interstadial periods seem to be 733
associated with erosion and rain-wash deposition in the study slopes 734
and valleys, probably under the influence of contrasted seasonal 735
climatic regimes. Organic-rich soils and peat deposits, which need 736
conditions of water saturation for several months to fully develop 737
(Shotyk, 1992), are present in every sequence of the study. Their ages 738
coincide with LGC periods when global temperature was lower than 739
today, which is also supported by the study proxy data, suggesting the 740
existence of shallow soil-water saturated zones in topographic 741
hollows under the influence of local wet environments, low 742
temperatures and low evaporation rates. This local wet soil-environ- 743
ment condition would tend to maintain overland flow as an efficient 744
and recurrent mechanism through time, also explaining the dynamics 745
of alternate periods of pedogenesis and morphogenesis at the study 746
valley heads, implying anaerobic soil development during climatic 747
stable periods and soil erosion and local deposition under transient 748
climate conditions. 749

5. Conclusions 750

The study sites witness an important LGC stratigraphic record, 751
which give evidence of the adaptation of near-valley head areas to 752
climate-driven processes in the humid tropics. Due to their relative 753
scarcity in Quaternary colluvial-alluvial stratigraphy studies, a 754
number of results deserve mention: a) evidence of erosion and 755
sedimentation at early LGC stages; b) evidence of sedimentation and 756
pedogenesis during the LGM; c) evidence of hydrogeomorphic 757
changes during the Climatic Improvement, between MIS 2 and MIS 758
1; d) sedimentary evidence of pronounced dryness, at least under 759
contrasted seasonal regimes, during the mid Holocene; e) evidence of 760
rain-washing as an important geomorphic agent since the end of MIS 761
3, at least, until the mid Holocene; f) evidence of mixed grasslands and 762
forests around LGM topographic summits; g) pollinic, isotopic and 763
sedimentologic evidence of climate changes more complex than the 764
“warming and wet vs. cooling and dry” classic binomial model for the 765
humid tropics; h) evidence of secular adaptation of vegetation and 766
geomorphic systems to climatic changes at the Late Pleistocene. 767

To our knowledge, no similar near-valley head stratigraphic record 768
had been reported before in Brazil, and few in other countries embrace 769
such a wide site-to-site time span. The interpretation stresses the 770
influence of very local controlling factors that seem to respond to 771
regional and global climatic-driven processes. Under similar local 772
environmental conditions, the observed sedimentary pattern may 773
reflect regional trends, affecting southern Brazilian highlands. This 774
pattern suggests that near-valley head slopes and channels had 775
evolved under the influence of local shallow soil-water saturated 776
zones. Stadials would imply drier climate periods, but lower tem- 777
peratures and lower evaporation rates still would support local 778
saturated zones, improving the development of umbric epipedons, 779
the formation of peat deposits and pulses of overland flow and mass 780
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Fig. 17. Independent radiocarbon and luminescence ages reported for the Southern Brazilian States of Parana, Santa Catarina and Rio Grande do Sul. Luminescence ages are
underlined. The ages inside the rectangles refer to study results. Note the distribution of dating with respect to main Late Pleistocene marine isotopic stages (MIS). The figure was
compiled after Oliveira et al. (2001), Camargo (2005), Camargo Filho (2005) and Fett (2005).

movements on the slopes. During dryer periods, mostly warming but
also cooling, rain-wash erosion would be more influential.

This recurrent concentration of hydrologic-driven processes
through time is perhaps one of the most important influences of
valley head areas on the adaptation of drainage net systems to
environmental changes (Dietrich and Dunne, 1993). As a result, near-
valley head areas deserve further attention in Quaternary studies
since, besides their alleged sensitiveness and resilience, these areas
also express unambiguous short source-to-sink sedimentary path-
ways, generally improving the quality of the stratigraphic record. The
Southern Brazilian highlands, under relatively mild climate today,
probably constitute a special terrain for preservation and study-of
near-valley head Quaternary deposits. The verification of a similar
record in other countries may represent a clear contribution of
geomorphology to the improvement of Quaternary studies.
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