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The reliability of paleovegetation records inferred from soil
phytolith assemblages and SOM (soil organic matter) carbon iso-
tope analysis was examined in light of previous pollen and char-
coal reconstructions. The sampled latosol is located in south-
central Brazil (Salitre), at a boundary between forest and cerrado.
The derived mean age of phytoliths and SOM at each level is the
result of a balance between continuous translocation and selective
dissolution. It increases with depth in a regular, quantifiable fash-
ion that allows paleoenvironmental interpretation. Phytoliths and
SOM tracers first record a savanna phase, associated with the last
Holocene long dry period occurring between ca. 5500 and 4500 yr
B.P. Two periods of tree community development followed, be-
tween ca. 4000 and 3000 and after ca. 970 yr. B.P., leading to the
present cerrado/forest association. The dry spell interrupted this
trend about 970 + 60 yr B.P. The second development of woody
elements was contemporaneous with an increase in anthropogenic
fires. Therefore, climate was more important than fires and human
activities in constraining the growth of vegetation during the last
nine centuries at Salitre. More generally, despite pedogenic pro-
cesses, soil phytoliths and §*°C values of the SOM may be accurate
tracers of vegetation changes. © 1999 University of Washington.

Key Words: paleoenvironment; late Holocene; soil; phytolith;
carbon isotope; charcoal; Brazil.

INTRODUCTION

paleoenvironmental interpretations of soil-particle sequence
has been questioned (Cahen and Moeyersons, 1977). Parti
distributions in soils are governed by four main pedogeni
processes: translocation, dissolution (or mineralization), deni
dation, and colluviation (Johnson, 1990; Kekly al., 1991,
Colinetal.,1992; Boulett al.,1995; Alexandrest al.,1997a).
Particle translocation results from illuviation and/or fluid trans-
portation in pores and from burrowing animals such as ant
termites, and worms, which bring to the surface materials fror
greater depths. Selective dissolution is related to the chemist
and surface area of the particles and to the stability of SON
silica particles/clays aggregates (Bartoli and Wilding, 1980)
Analysis of soil particles can provide useful paleoenvironmen
tal information only if the age of the particles at each level cau
be reconstructed. In this paper, we present evidence that t
mean age of phytoliths and SOM in the uppermost 2.6 m of
latosol in central southern Brazil increases with depth in
regular, quantifiable fashion. The mean age of particles at ea
level results from a balance between continuous translocatic
and selective dissolution. We then examine the reliability o
paleovegetation records inferred from soil phytolith assemn
blages and SOM carbon-isotope analysis by comparison wi
pollen and charcoal data previously published. Finally, we
reconstruct the movement of a boundary between forest al
cerrado and its relation with paleofires during the late Holocen
period.

Soils contain charcoal, soil organic matter (SOM), phyto-

liths, and human artifacts that are potentially useful for recon-

STUDY AREA

structing paleoenvironments. Because soils are widespread,

even in dry areas where lake sediments are often lacking,The study area is located near Salitre de Minas (Mina
bioclimatic data obtained from them are particularly desirableerais State, Brazil, 19°S, 46°48) (Fig. 1). The climate is
for reconstructing past climates. However, the reliability dfopical, with an average annual rainfall of 1600 mm, a 4- tc
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188 ALEXANDRE ET AL.

)v gﬂ phytoliths they produce: (1) cross and dumbbell morphotype
Sd— o are produced in abundance by the Panicoideae, which cons
BRAZI mostly of C4 grass adapted to warm and wet environments; (.

saddle morphotype is produced in large amounts by the Chl
ridoideae, which consist of C4 grass adapted to warm and d
environments; (3) rectangular and circular morphotypes ar
produced in large amounts by the C3 Festucoideae. All grass
produce elongate, point-shaped, and fan-shaped morphotyp
This classification has been criticized because of multiplicity
and redundancy of many grasses (Brown, 1986; Mulhollanc
1989), which prevent the determination of plants on a specie
EZlMesoph. forest or genus level. However, many studies have also demonstrat
%g;’:“ that assemblage analysis is a very accurate way to character
grass (Poaceae) communities of vegetation, which is not po

FIG. 1. Map showing location of the study area in southeastern Braz®#ible by pollen analysis (e.g., Kurmann, 1985; Piperno, 198¢
After Ledru (1993). Twiss, 1992; Fredlund and Tieszen, 1994; Piperno and Becke
1996; Alexandreet al.,1997a; Fredlund and Tieszen, 1997a,b)

Moreover, Alexandreet al., (1997b) demonstrated by modern

5-month dry season, and an average annual temperature, g fossil phytolith assemblage analysis of sediments that t
20°C. The area is located in a transition zone between ge cover density of a given vegetation can be estimated wi
cerrado tree and tall grass savanna and the mesophytic SefBkuracy through the proportion of the circular rugose phytc

decidgous .forest. Salitre is a 3.5-km—widel dolina.—shaped d8n produced by dicotyledons. This morphotype appears relz
pression lying at the center of an ultramafic-alkaline bedro ely resistant to dissolution in latosols (Alexandet al.

complex. The bottom of the depression lies at 980 m and j8974 Finally, Palmae are well indicated by the circula
occupied by a peat bog from which the pollen data wetgonate morphotype (Piperno, 1988).

obtained (Ledru, 1993; Ledret al., 1994, 1996). The slopes 1,5 phytolith analysis appears to be especially accurate f
are covered by latosols developed at the expense of a S0yIfsing forest and grassland dynamics. However, their reliabi
100-m-thick saprolite that overlies fenitized Proterozoq{y as paleoenvironmental indicators in soils has been poor

quartzites and shales. The soils extend as high as 1180 dflyied (Kellyet al., 1991: Piperno and Becker, 1996) becaus
Denudation and colluviation do not affect these soils (Boetet 5 cesses controlling phytolith distributions within soil profiles

al., 1995). i i are barely understood.
The profile sampled is developed on a slope, under a forest

patgh surrounded by the cerrado. It is vertically zoned into s[x Extraction and quantification. Following extraction of or-
hquzons sepgrated from.one gnother by grgdqt|onal bounda@%ﬁic matter and iron oxides by wet chemical methods, phy
(Fig. 2a). Ey|dence of high blolog|9a| activity mcludes abungjiths and charcoal were separated using heavy liquid from tf
dant roots, filled holes (tens of centimeters in diameter) causgd,, 50-um fraction (Kelly, 1990; Alexandret al.,1997a) and

by roots, or animal fecal pellets. The main minerals shown Ryaighed. Charcoal particles were counted under the optic
X-ray analysis are kaolinite, gibbsite, goethite, hematite, amCroscope and subtracted from the final weight.
quartz. Pieces of charcoal (millimeters to centimeters in diam-

eter) are scattered throughout the profile (Fig. 2b). They yield-raxOnomy and counting.Two hundred phytoliths were
megn“C ages that increase with depth (Fig. 2 and Table 19 nteq under the optical microscope (690 Six morpho-
Their abundance-with-depth indicates that a number of firgg,oq \ith taxonomic significance previously described, wer
occurred in the area between ca. 6000 and 3000 yr B.P. (Vergihinguished (Fig. 3a): (1) circular rugose, (2) circular crenate
et al., 1994), in conjunction with a dry phage recorded b¥3) elongate, point-shaped, and fan-shaped, (4) cross and du
pollen (Ledru, 1993; Ledret al.,, 1994, 1996). Fifteen samplesyq| (5) saddle, and (6) rectangular and circular. The proportio
covering 5 to 20 cm of soil thickness were collected from O (g the \woody flora in the reconstructed formations is inferrec
2.3 m depth. from the ratiod:p whered = dicotyledon phytoliths ang =
Poaceae phytoliths (Alexandet al., 1997b).

The modern assemblage extracted from the soil humic hc
rizon is used as reference for the fossil assemblage interpre
tion. Its correlation with the surrounding vegetation is dis-

Background. The basic grass phytolith classification deeussed on the basis of a wide investigation of cerrado gra
fined by Twiss (1969, 1992) has shown that three grass syiwtoliths (Sendulsky and Labouriau, 1966; De Campos an
families are discriminated by the shape of the main short céthbouriau, 1969; Da Silva and Labouriau, 1970n&ahl and

Salitre

PHYTOLITH AND SOM CARBON-ISOTOPE ANALYSIS

Phytoliths
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TABLE 1
Radiocarbon Dates of Charcoal from the Soil Profile and of Organic Matter (OM) from the Peat (Cores LC91/1 and LC3)

Lab number Material Depth (cm) ¥C age (yr B.P.) Reference

OBDY 1254 Soil, charcoal 20-30 600 40 Vernetet al., 1994
OBDY 1255 Soil, charcoal 70-80 3160 40 Vernetet al., 1994
OBDY 1251 Soil, charcoal 100 3660 90 Vernetet al., 1994
OBDY 1252 Soil, charcoal 140-150 5840 50 Vernetet al., 1994
OBDY 1250 Soil, charcoal 180-190 6330 30 Vernetet al., 1994
OBDY 970 Peat (LC91/1), OM 14-20 970 60 Ledruet al., 1994
OBDY 551 Peat (LC3), OM 17-20 3066 210 Ledruet al., 1994
OBDY 556 Peat (LC3), OM 30-32 4350 525 Ledruet al., 1994
OBDY 555 Peat (LC3), OM 42-44 5560 365 Ledruet al., 1994

Labouriau, 1970). This investigation of cerrado grass contra-In this study, phytolith data are discussed together witl
dicts the basic pattern of the Twiss classification on one poipllen data from the same area (Ledru, 1993; Leeiral.,
C4 Panicoideae (e.gTrachypogon, Eriochlogg which domi- 1994, 1996).

nate the cerrado, and C4 Chloridoideae (€ tloris, Eragros-

tis) yielded, in significant proportions, the rectangular angdom

circular morphotypes. As no C3 Festucoideae are now wide-

spread in the cerrado, rectangular and circular morphotypedMeasurement of organic carbon content and SOM carbol
cannot be correlated either with C3 Festucoideae or with ametope analysis. The organic carbon content of the2-mm
other grass subfamily in this area. fraction was measured using a C—H-N analyzer. Precision
results is greater than 0.3%. THE/**C ratios of SOM ground,
sieved, and homogenized @200 um were measured on a dry
combustion elemental analyzer (CHN NA 1500, Carlo Erba
coupled to a Fisons SIRA 10 isotope ratio mass spectromet
(Girardin and Mariotti, 1991). Isotope abundance was ex
pressed in5*°C versus PDB8"C%o = [(**C/*’C)eampe — (*°C/
C)ppe)(°C — *C)ppp)] * 1000. Repeated*C measurements
of a carefully ground and homogenized reference soil yielde
a precision (ir, 8 aliquots) of 0.06%o.

Background on SOM carbon isotopesCarbon isotope
fractionation between plant matter and atmospheric €§30-
ciated with photosynthesis is smaller for C4 plants than for C:
plants. The averag&"”C values of C3 and C4 plants are26
and —12%o, respectively. The main control of SOM®C is
litter input. However, numerous studies demonstrated that is
tope fractionation during decomposition, humification, and dif:
ferential preservation ofC-enriched SOM components (e.g.,
Gohet al., 1977; O’'Brien and Stout, 1978; Nadelhoffer and
Fry, 1988; Martinet al., 1990; Mariotti, 1991), as well as
recent variations in thEC content of atmospheric GQFriedli
et al., 1986; Marino and McElroy, 1991), could caus&

Ay N enrichment of forest SOM with depth. Thi¥C enrichment is
25 pm always lower than 4%., far smaller than the 14%. difference
between C3 and C4 plant litter. Therefore, given the time limit:

FIG. 3. (a) Microphotographs of the five morphotypes with taxonomiégmposed by the turnover rate of SOM, it is possible to deter
significance distinguished in this study: (1) circular rugose, (2) circular crenajgine from thes™®C value of SOM if a change has occurred

(3a) elongate, (3b) point-shaped, (3c) fan-shaped, (4) dumbbell, and (5) sadd| . . - .
(b) Microphotographs of the two phytolith surface types: (1) with small ethﬁh time in the proportions of C3 and C4 plants in the

pits (a few micrometers in diameter) and (2) with wide etch figures (about RY€Tlying vegetation (e.g., Mariotti and Peterschmitt, 1994
wm in diameter). Boutton, 1996; Desjardinst al., 1996).
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RESULTS SOM Data

Phytolith Data Organic carbon content (Fig. 2¢) represents 20% of<tR2e
mm soil fraction (dry weight) in the organi&, horizon (0-5
Phytoliths (Fig. 2e) account for 0.1% of th€200.um cm). It decreases rapidly in the organo-mineral Horizon
fraction (dry weight) in the humic horizomA(), and tend to (4—20 cm) to 2.7% of thec2 mm soil fraction between 20 and
decrease below, interrupted by three peaks of abundancei@icm depth. It decreases gradually downward, up to 1.02%
20-40, 80-90, and 140-190 cm depth. They represent 0.00¢%% <2 mm soil fraction at 220-230 cm depth. This profile
of the <200-um fraction at the bottom of the soil section. does not show evidence of any buried soil or organic palec
Elongate, point-shaped, and fan-shaped morphotypes shewyizon.
two types of irregular surface features (Fig. 3b): small etch pitsThe distribution of the5**C values of the SOM (Fig. 2d)
a few micrometers in diameter (type 1) and wide etch figureows three trends: (1) from the bottom of the profile up tc
about 5-10um in diameter associated with irregular and70-160 cm, it decreases froal9 to —22%o: (2) from 160 up
angular edges (type 2). Proportions of the two types of surfage40 cm, it stabilizes between22 and—21.5%o; and (3) from

features on theT fan—.shaped phytoliths are illustrated in Figu® cm, it decreases rapidly to reaek28%. in the organic
2f. Surfaces with wide etch figures increase from 0 to 1008yizon, which is in equilibrium with present litter inputs.

from the top to the bottom of the soil section.
The phytolith diagram is presented as Figure 2g. Five zones
may be discriminated on the basis of ttig ratio and of the DISCUSSION
Poaceae phytolith spectra:
Pedogenic Processes Conducing to Phytolith and SOM
Zone 1 (230-200 cm).Ratios d:p at 230 and 200 cm, Distributions
respectively, equal to 0.3 and 0.5. The Poaceae morphotypes

are only represented by the elongate, point-shaped, and fanlhe decrease and stabilization observed with depth in th
shaped morphotypes. abundance of organic carbon is common to tropical and ten

perate soils. It may be modeled as a bicompartmental distrib

Zone 2 (200-130 cm: charcodfC dating according to 1ion, the result of particle translocation and mineralizatior
Vernet et al., 1994: 6336 60 yr B.P. at 190-180 cm and (Jenkinson and Rayner, 1977; Parmal., 1987). A bicom-
5840+ 50 yr B.P. at 150—140 cm).Among Poaceae phyto- Partmental distribution assumes two pools of organic com
liths, dumbbell and cross morphotypes appear, remaining lfunds. One pool is recycling rapidly and is in dynamic
der 3%; rectangular and circular morphotypes remain undguilibrium. The input for that pool is litter at the top of the

1.5%; saddle morphotype is present in weak proportion onlyRffile. With time, the organic matter in that pool is translo-
150-140 cm. Ratial:p varies between 0.3 and 0.8. cated downward and is mineralized, decreasing to trace leve

at the bottom of the profile. The second pool is more stable ar
Zone 3 (130—40 cm; charcodf'C dating according to its translocation leads to a constant abundance distribution wi

Vernet et al. (1994): 3660- 90 yr B.P. at 110—100 cm and depth. At the base of the soil profile, nearly all of the organic
600 = 40 yr B.P. at 30—20 cm). Ratio d:p stabilizes around matter is in the stable pool. Paleoenvironmental significance «
1 and 1.3. Grass phytoliths with precise taxonomic significanée SOM 8*/C and 8 °C mean values have commonly been
become more represented: cross and dumbbell morphotygissussed in terms of a similar bicompartmental mode
increase, fluctuating between 6 and 9%; saddle morphoty({§&Brien and Stout, 1978; Balesdent and Guillet, 1982). The
remains under 1.5%; rectangular and circular morphotypgeneral pattern of the phytolith distribution is somewhat sim
increase between 3 and 6% but only from 110-100 cm. ilar to that of organic carbon. We interpret it as a bicompart
mental distribution, by analogy with the bicompartmenta
Zone 4 (40—20 cm; charcodlC dating according to Vernet model of distribution of the SOM. Such an interpretation ha:
et al., 1994: 600+ 40 yr B.P. at 30-20 cm).Ratio d:p been already made to discuss a phytolith distribution in
remains equal to 1. The main feature of this zone is ti@tosol of Congo (Alexandret al., 1997a). It is here corrob-
significant increase of saddle morphotype, which surpasswated by the following points: if phytoliths surfaces with wide
1.5% for the one and only time in the entire sequence. etch figures are more weathered than phytolith surfaces wi
small etch pits because of a longer residence time in the so
Zone 5 (from 20 to O cm).Ratio d:p increases to 1.5.their increase with depth suggests that (1) each phytolith a
Among Poaceae phytoliths, cross and dumbbell morphotyEssmblage is a mixing of young and old particles and (2) th
and rectangular and circular morphotypes account each for B¢an residence time of phytolith assemblages increases w
of the total phytolith sum, whereas saddle morphotype abutepth, which permits us to discuss the soil phytolith sequenc
dance is less than 1.5%. as a paleoenvironmental record.
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Phytolith and SOM Carbon Isotope Records a b
Because of the salitre depression shape, we will assume for Arboreal Pollen Arboreal Pollen Poaceae
this discussion that the main sources of allogenic particles 0 — ‘

found in the soil (e.g., phytoliths, charcoal, organic compo-  *®*°E

nents) are local. =
Phytolith record. The Poaceae phytolith assemblage of th%: <
humic horizon corroborates the dominance of tall C4 Panig o
coideae over short C4 Chloridoideae in the present vegetatiof§., sasostioL
A d:p ratio of 1.5 results from the mixing between phytoliths <
that originated in both the forest patch and the surrounding
cerrado. Using this modern assemblage as reference, five floral
associations can be reconstructed from the phytolith sequence:

Zone 1 records a vegetation with abundant grasses. Woody
elements are far less developed than today. The lack of short
cell phytoliths characteristic of grass subfamilies would haveFIG. 4. Pollen diagrams from two cores from the Salitre peat (from Ledru
involved grass phytolith production, dispersal, and/or presét-2l-, 1994). (a) Core LC3. (b) Core LC91/1.
vation different than those found under modern conditions.

This prevents further interpretation and indicates the limit of
soil phytolith analysis. , , )

Zone 2 records a grassland dominated by tall C4 grassed’0llowing this dry episode, zone 5 records the return o
with a density of tree or shrub cover far lower than the modefPnditions more favorable for the growth of vegetation. A
one. For the Holocene, only one savana phase, associated {Hd increase in the density of shrub and tree cover and
warm and dry conditions, has been recorded at Salitre B§crease in short C4 grass abundance led to the present a:
pollen from the peat between 5560370 and 435Q= 540 yr C|at|or! qf forest and cerrado. F!nally, the phytolith record from
B.P. (Fig. 4a; Ledret al., 1994). It was contemporaneous witH€ SOil is in good agreement with pollen data from the peat an
an increase in fires in the area (Vereetl., 1994). This latest strengthens th'e precision of the. reconstruction of the mo:
and driest episode is well documented over tropical Souificent vegetation changes at Salitre.

America (Soubis, 1980; Bradburet al., 1981; Absyet al.,
1991; Se(rvanEt al., 1993; Ledru,ye1993; Ledreet aI.},l 1996, >OM Carbon Isotope Record

Abbottet al.,1997; Salgado-Labourizet al.,1997). Based on At the top of the profile3**C of the SOM is characteristic of
the assumption that phytoliths in the soil profile were producedforest humic horizon (Mariotti and Peterschmitt, 1994; Des
by Holocene vegetation, the bottom of phytolith zone 2 woujdrdinset al., 1996). Decay-with-depth of SOM in equilibrium
at least be younger than 5560 370 yr B.P. with forest inputs (C3 plants), isotope effects associated wit

Zone 3 shows the development of trees and/or shrubs, whialmification, differential SOM preservation, and recéhiC
remain less abundant than today. This change may be relatedanations of atmospheric COmply a rapid but limited"C-
the generation of conditions wetter than the previous onesrichment of SOM in the topsoil, followed by a steady en-
(literature cited above) and to a decrease in fires (Vezhal, richment at lower depths, the whole enrichment being limite
1994). Pollen data (Fig. 4b) have also recorded such an in-3 to 4%. as generally observed (Boutton, 1996; Nadelhoffe
crease of arboreal taxa between 435340 and 3060- 210 and Fry, 1988; Mariotti and Peterschmitt, 1994). In agreemel
yr B.P., followed by the development of a vegetation regardedth this classic pattern, a 2-m-deep ferrallitic soil close tc
as similar to the modern one (Ledzual.,1994). Phytolith data Salitre, assumed to be in equilibrium with forest inputs, show
show, with more accuracy, that if the grass association wa£%. enrichment, which is mostly located in the uppermost 4
close to that of the cerrado, the present density of the tree couar (Desjardingt al., 1991). The Salitre SOM*°C profile is
was not reached yet. different: the first°C shift in the uppermost 40 cm is greater

Zone 4 records a slight decrease of trees (also corroboratiean 7%o., while the second shift, in the 40 lowest cm, account
by pollen data at 97G- 60 yr B.P., Fig. 4b) and a brief but for 3%.. These features indicate two major changes in the loc
significant development of short C4 grasses. This might flera: at the bottom of the section, the SGNC signature is
related to a brief, very dry episode, which may have be¢he result of mixing between C3 and C4 plants, as in a tre
contemporaneous with a mediaeval dry spell identified in P&avanna. A first increase of the density of shrubs or trees (bo
agonia and California (Stine, 1994). The lack of dat&€3 plants) is recorded from 230 to 170 cm depth. A secon
on modern paleoenvironmental changes in South Amerisgep in the expansion of C3 plants is recorded above 40 c
does not warrant further discussion of the significance of thdgepth, which led to the present association between forest a
event. cerrado.

970160

{y

5560:80 [

7990180 [ 409"*60[

50 <50

50% 50% 10%
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Finally, both phytolith assemblages afAdC values of the S. Savin, L. Abel, L. Lumbert, F. Tessier, and M. Brooks for helpful discus-
SOM Clearly show evidence of two stages in the developme?iﬁns and corrections. This paper greatly benefited from reviews by D. F
of trees at Salitre after ca. 5000 yr B.P., but do so at differenp®™o and an anonymous reviewer.
depths. SOM appear more rapidly translocated through lower
horizons than phytoliths. REFERENCES

The correspondence between phytolith and pollen records

. . . Abbott, M. B., Seltzer, G. O., Kelts, K. R., and Southon, J. (1997). Holocen
permits us to place the first stage of tree expansion betWeeyaleohydrology of the tropical Andes from lake recor@uaternary Re-
4350 = 500 and 3060+ 210 yr B.P. and the second after gearcha7,70—80.

970 = 60 yr B.P. Comparison between time scales based gksy, m. L., CLeef, A., Fournier, M., Martin, L., Servant, M., Sifeddine, A.,
phytolith reconstruction and on charcodC dates (Fig. 2) Ferreira Da Silva, M., Soubies, F., Suguio, K., Turcg, B., and Van De
show that phytoliths are translocated more rapidly than charHammen, T. (1991). O_ccurre_nce of four episodes of rain forest regr_ession‘
coal: for instance, the middle of the 4350500 to 3060+ 210 sohutheast_ernI Arqazoma during tr(lje Iajt E0,0CLO yr_s.dF|rst c_ompanzon wq
yr time span recorded at 140-130 cm depth by phytoliths isgtlze(:l;mg;%&lg;g'omcompte Rendus de [Academie des Sciences de Parl
recorded_ at 110_]_'00 cm depth by Ch_arcoal_ (3&6@0 yr Alexandre, A., Meunier, J.-D., Colin, F., and Koud, J.-M. (1997a). Plant
B.P.). This comparison also shows that if the first developmentmpact on the biogeochemical cycle of silicon and related weatherin
of trees corresponds to the end of a long fire period, the mosgroblems.Geochimica et Cosmochimica Ad4.(3), 677—682.

recent tree expansion corresponds to an increase in fires. Alexandre, A., Meunier, J.-D., 1zine, A.-M., Vincens, A., and Schwartz, D.
(1997b). Grassland dynamics in intertropical Africa during the late Holo-
cene: A phytolith analysisPalaeogeography, Palaeoclimatology, Palaeo-
ecology136,213-229.

| h A . fi Id b ible f he | Balesdent, J., and Guillet, B. (1982). Les datations paf@edes matiees
n Sout merica, fires cou e responsible for the ateorganique des sols. Contributior’@tude de I'humification et du renouvel-

Holocene variations in the boundaries between forest and saement des substances humigugsiences du sdt, 93-112.

vanna (Soubig 1980; Desjardinset al., 1996; Salgado- Bartoli, F., and Wilding, L. P. (1980). Dissolution of biogenic opal as a
Labouriauet al., 1997)_ Our results show that at Salitre, ex- function of its physical and chemical properti€3oil Science Society of
pansion of trees between ca. 4000 and 3000 yr B.PAmerica Journak4, 873-878.

corresponded to a decrease in fires, in agreement with VerBeilet, R., Pessenda, L. C. R., Telles, E. C. C., and Melfi, A. J. (1995). Un
etal, (1994). This change led to the development of a Vege_evaluatlon de la vitesse de I'accumulation superficielle de matmr la

faune du sol goartie de la datation des charbons et de I'humine du sol

tation association with less wood than the modern one. A dryExempIe des latosols des versants du lac Campestre, Salitre, Minas Ger:

spell, recorded by phytoliths at ca. 900 yr B.P., was notgrésil. Compte Rendus de I'Academie des Sciences de R20glla),
recorded by SOMS™C signatures because it was mainly ex- 287-294.

pressed by a change among the C4 grasses. It was followedbytton, T. W. (1996). Stable carbon isotope ratios of soil organic matter an
expansion of trees and an increase in human-induced firelgeir use as in_dicators of vegetation and clir_nate chahgéMass Spec-
(Vernet et al., 1994). This implies that climate was more trometry of Soils” (Bouttarand and Yamasaki, Eds.), pp. 47—-82. Dekker

. . . L. .__New York.
important than fires in constraining the growth of vegetaﬂoglradbury 3. P.. Leyden, B., Salgado-Labouriau, M., Lews, W. M., Schuber

du”_ng the last _nme Cent_ur'es_at Sal_ltre' ) o ~ C.,Jr., Binford, M. W., Frey, D. G., Whitehead, D. R., and Weibezahn, F. H

Finally, despite selective dissolution (or mineralization) in (1981). Late Quarternary environmental history of Lake Valencia, Venezu
the studied soil, and mixing between young and old elements adla. Science214(4527),1299-1305.
each depth, phytoliths arid*C values of the SOM are accurateBrown, D. (1986). Prospects and limits of a phytolith key for grasses in the
tracers of vegetation changes. As impact of tropical land surCentral United StateJournal of Archaeological Scienckl, 221-243.
face conditions on the Holocene global climate variability he&hen, D., and Moeyersons, J. (1977). Subsurface movements of stone a
been hypothesized (Gasse and Van Campo 1994) this stu ts and their implications for the prehistory of Central Afriature266,

. . . L . 2—-815.

shows that soil phytthhs and SOM_ can pr_owde mformatlo olin, F., Brimhall, G. H., Nahon, D., Lewis, C. J., Baronnet, A., and Danty,
concerning the dynamics of the major tropical vegetation a

) : ¢ ) Sk. (1992). Equatorial rainforest lateritic mantles: A geomembrane filter.
semblages, which otherwise may be unavailable for regiongseology20, 523-526.

CONCLUSIONS

that lack lake sediments. Da Silva, S. T., and Labouriau, L. G. (1970). Corpos silicosos de Graminez
dos Cerrados. IlIPesquisa Agropecuaria Brasileira, 167-182.
ACKNOWLEDGMENTS De Campos, A. C., and Labouriau, L. G. (1969). Corpos silicosos de Gramir

eas dos Cerrados. IPesquisa Agropecuaria Brasileird, 143—-151.

This work was Supported, in France, by the French programs PE(ﬂ,eSjardinS, T., CarneiI’O-FilhO, A., Mariotti, A., ChaUVel, A., and Gil’ardin, C.
ECOFIT, and PROSE and by a special grant of the ORSTOM TOA Depart-(1996). Changes of the forest-savanna boundary in Brazilian Amazon
ment (Action Incitative Salitre). In Brazil, support came through a FAPESP during the Holocene revealed by stable isotope ratios of soil organic carbo
grant: Projecto Terto, processo 91/3518-0. The authors are especially Oecologial08, 749—756.
grateful to S. Fouchet and M. Richard for SOM analysis (ORSTOM-Bond{desjardins, T., Volkoff, B., Andreux, F., and Cerri, C. C. (1991). Distribution
France) and M. Grably and C. Girardin for SCAWC analysis (Laboratoire de  du carbone total et de I'isotop€C dans des sols ferrallitiques du Bresil.
Biogeochimie Isotopique, UPMC, France). We also express special thanks tdScience du Sdt9, 175-187.



194 ALEXANDRE ET AL.

Fredlund, G. G., and Tieszen, L. L. (1994). Modern phytolith assemblages fromindia as revealed by carbon isotope ratios of soil organic madecologia
the North American Great Plaindournal of Biogeographg1, 321-335. 97,475-480.

Fredlund, G. G., and Tieszen, L. L. (1997a). Phytolith and carbon isotopartin, A., Mariotti, A., Balesdent, J., Lavelle, P., and Vuattoux, R. (1990).
evidence for late quaternary vegetation and climate change in the southerBstimate of organic matter turnover rate in a savanna soi’®ynatural
Black Hills, South DakotaQuaternary Research7,206-217. abundanceSoil Biology Biochemistrg2(4), 517-523.

Fredlund, G. G., and Tieszen, L. L. (1997b). Calibrating grass phytolifulholland, S. C. (1989). Phytolith shape frequencies in North Dakota grasse

assemblages in climatic terms: application to late Pleistocene assemblaggs comparison to general patternournal of Archaeological SciencEs,
from Kansas and NebraskBalaeogeography, Palaeoclimatology, Palaeo- 489-511.

ecology136,199-211. Nadelhoffer, K. J., and Fry, B. (1988). Controls on natural nitrogen-15 an

Friedli, H., Lotscher, H., Oeschge, H., Siegenthaler, U., and Stauffer, B.carhon-13 abundances in forest soil organic mageil Science Society of
(1986). Ice core record of théC/*°C ratios of atmospheric COn the past America Journals2, 1633—1640.

two centuriesNature 324, 237-238. O’Brien, B. J., and Stout, J. D. (1978). Movment and turnover of soil organic

Gasse, F., and Van Campo, E. (1994). Abrupt post-glacial climate events inater as indicated by carbon isotope measuremsoitBiology Biochem-
West Asia and North Africa monsoon domaigsyrth and Planetary Science istry 10, 309-317.

L 126,435-456.
. ettt.ars 6,435 ?6 . ) ) . Parton, W. J., Schimel, D. S., Cole, C. V., and Qjima, D. S. (1987). Analysi:
Girardin, C., and Mariotti, A. (1991). Analyse isotopique ul en abondance of factors controlling soil organic matter levels in Great Plains grassland:s

naturelle dans le carbone organique: Un systeme automatique avec robg0i| Science Society of America Joursdl, 1173-1179
reparateurCahier Orstom, Serie Rilogie XXVI 4, 371-380. ) ) o . .
prep 9 . . P.‘perno, D. R. (1988). “Phytolith Analysis: An Archaeological and Geological
Goh, M., Stout, J. D., and Rafter, T. A. (1977). Radiocarbon enrichment of soi Perpective.” Academic Press, San Diego
organic matter fractions in New Zealand sofoil Sciencel23,385-391. ) ' ' ) ) o
p Perno, D. R., and Becker, P. (1996). Vegetational history of a site in thi

. . . i
Jepkmson, D.S., and Rayner, J. H, (1.977)' The t_urnovgr of ?O'I organic mattecentral Amazon basin derived from phytolith and charcoal records fron
in some of the Rothamsdet classical Experime&sil Sciencel23(5), .
natural soilsQuaternary Researci5, 202—-209.

298-305.
Johnson, D. L. (1990). Biomantle evolution and the redistribution of eart‘%algadq—Labourlau, .M' L., Casseti, V., Ferraz-Vicentini, K. R., Martin, .L"
Soubies, F., Suguio, K., and Turcq, B. (1997). Late Quaternary vegetation

materials and artifactsSoil Sciencel49(2),84-102. A ' .
Kellv. E. F. (1990). “Method for E ina Opal Phyioliths f Soil and and climatic changes in cerrado and palm swamp from Central Brazi
elly, E. F. ( ). “Method for Extracting Opal Phytoliths from Soil an Paleogeography, Palaeoclimatology, Palaeoecol@g$, 215-226.

Plant Material.” Unpublished internal document, Department of Agronom\éendulsky T., and Labouriau, L. G. (1966). Corpos silicosos de Gramineas d

Colorado State Univ., Fort Collins. Cerrados. 1 Anais de Acadermia Brasileira de Ciencas. 159196
Kelly, E. F., Amundson, R. G., Marino, B. D., and Deniro, M. J. (1991). Stable efrados. 1Anais de Academia Brastielra de Lences, e
rvant, M., Maley, J., Turcq, B., Absy, M.-L., Brenac, P., Fournier, M., anc

isotope ratios of carbon in phytoliths as a quantitative method of monitorir%e - ' -

vegetation and climate chang@uaternary Research5, 222—233. LeQru, M.-P. (1993). Troplcal forest changes during the late Quaternary i
Kurmann, M. H. (1985). An opal phytolith and palynomorph study of extant A;nc;(;\ and South American lowland&lobal and Planetary Changé,

and fossil soils in Kansas (U.S.ARalaeogeography, Palaeoclimatology, s

Palaeoecologyl9, 217—-235. Sondahl, M. R.-1., and Labouriau, L. G. (1970). Corpos silicosos de Graminea

Ledru, M.-P. (1993). Late quaternary environmental and climatic changes ind0S Cerrados. IVPesquisa Agropecuaria Brasileirs, 183-207.
Central Brazil.Quaternary ResearcB9, 90—98. Soubies, F. (1980). Existence d'une phasetse en Amazonie bsdienne
Ledru, M.-P., Behling, H., Fournier, M., Martin, L., and Servant, M. (1994). datee par la presence de charbons dans les sols (6000—3000 aGsiBF).
Localisation de la foied'Araucaria du Bfeil au cours de I'Holotee. ORSTOM, Serie Geoologel (1), 133-148.
Implications paleclimatiques Compte-Rendus de I'’Academie des Sciencestine, S. (1994). Extreme and persistent drought in California and Patagor
de Paris317,617-521. during medieval timeNature 369, 546 -549.
Ledru, M.-P., Soares Braga, P. I., Soubies, F., Fournier, M., Martin, L., Suguyiss, P. C. (1969). Morphological classification of grass phytoliteil
K., and Turcqg, B. (1996). The last 50,000 years in the Neotropics (SouthernScience Society of America ProceedB®) 109-115.
Brazil): Evolution of vegetation and climatPalaeogeography, Palaeocli- Tyiss, C. (1992). Predicted world distribution of C3 and C4 grass phytoliths

matology, Palaeoecology3, 239-257. In “Phytolith Systematics” (G. Rapp and S. C. Mulholland, Eds.). Plenum
Marino, B. D., and McElroy, M. B. (1991). Isotopic composition of atmospheric New York.

CQ; inferred from carbon in C4 plant cellulosiature 349, 127-131. Vernet, J.-L., Wengler, L., Solari, M.-E., Ceccantini, G., Fournier, M., Ledru,
Mariotti, A. (1991). Le carbone-13 en abondance naturelle, traceur de la dyM.-P., and Soubies, F. (1994). Feux, climats a@ations au Btsil central

namique de la matie organique des sols et dév@ution des péleenviron- durant I'Holocee: Les donhes d’un profil de sol acharbons de bois

nements continentauahiers Orstom, Serie Pedologi&XVl, 299-313. (Salitre, Minas Gerais)Compte-Rendus de I'Academie des Sciences d

Mariotti, A., and Peterschmitt, E. (1994). Forest savanna ecotone dynamics ifParis 319(1l), 1391-1397.



	INTRODUCTION
	STUDY AREA
	FIG. 1

	PHYTOLITH AND SOM CARBON-ISOTOPE ANALYSIS
	FIG. 2
	TABLE 1
	FIG. 3

	RESULTS
	DISCUSSION
	FIG. 4

	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

