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INTRODUCllON

The Quaternary deposits of the Amazon basin In BrazB are still now very imperfectly

known. The difficulties of penetration within a huge tropica/ forest and a poor human occupation are

probably the most Important factors. Though very scarce, the published papers especially during the last

fifteen years, allowed us to reach the conclusion that this area was also subjected to fluctuation in

paleocIlmate which was woridwlde active during the Quaternary. This certainty Is based on ecological

(SIMPSON & HAFFER, 1978; COIJNVAUX, 1979; OCHSENIUS, 1985 and VANZOUNI, 1986), palynological

(VAN DER HAMMEN, 1974 and ABSY, 1985), pedological (SOMBROEK, 1966; SOUBIES, 1980, and

SANFORD et al., 1985), geornorphological (TRICART, 1974, 1977~ and AB'SABER, 1977), and
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sedimentological (DAMUTH &FAIRBRIDGE, 1970; BAKER, 1978; SERVANT et al., 1981, and SHOWERS &

BEVlS, 1988), rarely studied but weil concorclant arguments. Arid paleoc1imates probably dominated sorne

araas of the Amazon basin during the Quatemary, introducing a savanna-type vegetation trequently burned

ln drlest seasons and consequently inducing soil erosion. At that tlme the humid evergreen forest was

probably reduced to some "refuges". However, very few age determinations and more crtterious researches

have been done ln thls area, and some chronologically established paleoclimate crisls is Iimited to the

Holocene epoch.

UntU the end of 1985, trench and brazilian scIentIsts composed a team of participants

mainly from ORSTOM (Institut de Recherche Scientifique pour le Développment en Cooperation) and USP

(University of Sâo Paulo), with a financial support of ORSTOM, CNPq (Conselho Nacional de

Desenvolvimento CIentffIco e Tecnol6gico) and a local help during the field work of DOCEGEO (Geologia e

Mlneraçâo) ln the solution of this problem. The Serra dos Carajés (State of Para), within BrazUian Amazon

has been chosen by this team. The researches OOlng developed in thls area integrate a multidisciplinary

project of ORSTOM, named GEOCIT, whose main objective Is to make the paleoenvironmental, mostly

paleoc1lmatlc reconstitution of Intertropical areas ~ow latitude) tram 30,000 years B.P. until today. Here are

presented the first radiochronological ages in Amazon Pleistocene deposits, and sorne other preliminary

Informations.

THE lAJŒS OF THE SERRA DOS CARAJÂS

The Serra dos Carajâs, situated in a stralght line about 500 km southward of Belém (Fig.

1), presents the wor1dwic1e famous big Iron ore deposits (18 bUlion tons. of 66%Fe20~, and important

rnanganese, gold and copper ore deposits, discovered by DOCEGEO ln 1967. Extensive lateritlc p1ateaus

(about 5 x 30 km), deveioped upon "banded-iron formation", constItute the 700 to 890 m high Northem and

Southem Serra dos Garajas "emerglng" trom a dense evergreen forest

The surface of the p1ateaus, representing a pre-Cretaceous erosional plane covered by

savanna-type vegetation, exhibits numerous smali Iakes (some hundreds of meters to less than two

kUometers long). These lakes are situated within partially interconnected and semi-dosed depressions,

whose form looks Iike dolines in a karstlc landscape, and their waters apparently were origlnated from

pluvial waters runnlng through surrounding Iateritic s10pes. They are relatlvely shallow (maximum depth of

about 18 m), and show severa! stages of silting by fine to very fine sediments, very rich in organic carbon

and smali carbonized woods. As they are located in the headwaters of small rivers forming the regionaJ

hydrographie net, free of erosionaJ processes and receMng the "pollen rains" precipltated withln the area,

possibly they represent the ideal recorcls of changes in paleoclimate and past vegetations of the area.
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Agure 1 • location map of the studied area (State of Paré., Brazil).



SEDIMENTARY SEQUENCE AND SOME RADIOCARBON AGES

The Figure 2 shows the litho/ogy and radiocarbon ages of the first sample obtalned by a

v1bro-corer, whlch Is now being submitted to a detaUed study. This drill core was coIlected t'rom one of the

Iakes , sltuated ln Southem Serra dos Carajés, praetically fulfilled by sediments and now s1most entIrely

Invaded by aquatlc grasses. In a fine to very fine, domlnanUy c1ayey-sUty deposlt, It Is possible to recognize

three successive sedimentary cycles. Each of them beglns wIth a yellow1sh to IIght-brownlsh Iayers, very rlch

ln siderite and poor ln organlc carbon Oess than 5%). These sediments are followed by a brawnlsh-black

argUlaceous sediments, s1most exempt of siderite but very rIch ln organlc carbon (40 to 50%), Iocally

containlng concentrated carbonlzed wood fragments. ThIs succession Is suggestive of, at least, two phases

of abrupt paleoenvlronmental change ln the ares. The last change, observed between 20,000 years and

10,000 years B.P. (uppennost siderite layers) couId be contemporaneous wIth the Iast worldwlde glacial

stage (Würm or Wisconsin), and the o/der IImlt of the lower siderite layer may be situated between 40,000

and 50,000 years B.P., near the maximum IImlt of the 14C conventlonal datlng method.

Then these deposlts caver a quite long t1me Interval of the Quatemary perlod, and

certalnly they represent the o/dest records of paleoenv1ronmental changes up to that tlme studled ln the

area.

OTHER ANALYTlCAL RESlILTS

The prellmlnary resuJts of physical, chemical and mlneraloglcal analyses are presented ln

the Figures 3 and 4, and ln the Table 1. AIthough incomplete, striking dlfferences are shawn between

organlc matter and siderite Iayers, and their possible s1gnlflcances in terms of paleoenvironmentaJ changes

reconstitution are here consldered.

Phyalcal analyses

Water contents and densltles - changes in these parameters are dlrectly related to the

composition of the sediments (Fig. 3). Slderlte-rlch Iayers are charaetertzed by lower water contents and

hlgher densltles whUe the organic matter-rlch Iayers are represented by hlgher water contents and lower

densltles. These parameters have been measured after drylng the samples w1thin an oven at 105 0 C durlng

48h.

Grain size analyses - organic matter-rlch Iayers are particularly dlfflcult to be dlspersed,

then It Is very problematlcal to Interpret the grain size distribution s10ng the core. These sediments exhlblted
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dominantly a c1ayey-silty size with very scarce sand size fraction. The organic matter was previously

ellminated by H20 2• while the ferruginous cement was attacked by Hel, and afterwards a wet sieving

allowed us to separate the fractions =<50 J.&m trom 50 J.&m - 2 mm.

CheRllcal analyses

Hydrogen Ion concentration (PH) - ln generaJ. the measured vafues were very Iittle

changeable belng sltuated between 5 and 6. The first upper 100 cm, as weil as the slderite-rich layers. were

characterlzed by systematlcally lower pH (in average 5.5). This parameter was measured by index paper for

pH.

Organic carbon and nitrogen - the contents of bath elements dimlnish in siderite-rlch

layera, and the curves representing their trequencies are almost para/lei (Fig. 3). Walkley & Black method

and Kjedahl method have been used. respectively for detenninations of organic carbon and total nitrogen

contents. The samples have been prevlously dried ln the open air.

Fe203 and P205 - there are tremendous increasing of Fe20 3 content, followed by less

Important growth of P205 vafues. In slderlte-rich layera ln relation to ether portions of the core. This tact Is

suggestlng that probably some environmental conditions changed more-or-less abrupUy durlng the

formation of these layers. Total phosphorus and total Iron contents have been detennined, respectively by

colorimetrie and atomlc absorption methods. The samples have been previously dried ln the open air.

Mineralogiesl compositions

The preliminary results are shawn ln Table 1. Semi-quantitative evaJuations contained in

this table correspond to organic carbon trse estimations and ln some cases the percentages by weight of

thls rnaterIaJ were between 60 and 95%. The mineraJogicai specimens identified ln this paper can be

grouped into two classes: Inherited (detrital) and authigenic (neotonned) fractions.

Inherlted fraction

Quartz - very fine to fine sand fraction. Iimpid and very angular grains J which are

scattered a10ng the core and especially concentrated within siderite-rich layers.

Ferruginous nodules - mlcro-agglomerates of goethite or very fine quartz grains

cemented by goethite, with rounded-to-irregular shapes (sometimes p1acoidal) smooth surfaces (sometimes

scorlaceous and vacuolar), exhibiting reddish to brawnish coIours. At first glance, the great resemblance of

these micro-nodules and sorne fine-grained products presenUy derived trom superficial degradation of
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Table 1 - Semi-quantltative frequencles of Inherlted and authigenlc minerais 810ng the core CSS-2.
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adjacent ferruginous cuirasses suggests that probably their provenance is related to erosion of these

duricrusts. These ferruginous cuirasses, originated by chemicaJ weathering of "banded-Iron formations"

OaspUlte). are essentially composed of aluminous goethite accompanied by few quartz, kaolinite. hematite,

rnagnetite. etc. and thelr average chemicaJ composition. according to BEISIEGEL (1982) and COELHO

(1986) is: Fe20 3 = 81.17%; FeO = 0.70%; AJ20 3 = 8,10%; Si02 = 0.70%; P20 S = 0.48%; n02 = 0,38%;

Mn02 = 0.28%; ignition 1085 = 9.10%. The phosphorus content of this material is sufflciently high, which

couId expIaln the hlgh content of this element ln siderite-rich Iayers (Fig. 4).

Other Inherited components - ln almost entIre core, here analysecl. there are small

quantitles of fine grained minerais, Iike kaollnite. Dlite (sensu latu). anatase and rutile, which were probably

lnherfted trom the ferruginous cuirasses. where already have been identlfied. Occaslonally, some other

minerais. Iike zircon. tourmaline, silllmanite. kyanite, staurolite. epidote, and hornblende have been

Identlfied, however the provenance of thls mlneraJogicaJ suite Is more problematic and could be eventually

related to the metasedlmentary and metavolcanlc rocks IntercaJated within "iron-banded formation".

Authigenic fraction

Phosphates - rounded or irregular fine sandy grains. with whitish or brownish coIours of

phosphate composition, are Iocally abundant withln organlc c1ays. They are amorphous to X-ray diffraction

analysis and under electron microprobe analyser they exhibited changeable contents of P, Si and AI.

SporadicaJly they are accompanied by a weil crystallized phosphate, which has been identified by X-ray

diffraction analysis as strengite (FeP04.2H20).

Amorphous sllica - siliceous sponge spicules. occurring as very thin tubes (50-80 p.m

long and sorne p.m of dlameter), transparent and coIourless, have been abundantly found in the upperrnost

part of the most recent organic clay. although they have been encountered much more scarcely ln other

portions of the core. On the oIder hand. within the organic rnatter-rich Iayers and only there. occurs an

amorphous sUica identified through a "dome shaped" curve outIined by X-ray diffraction analysis. whose

peak is centered approximately at 3.34.A.

Siderite crystals - they have been found as well-tormed monocrystaJ (Fig. SA and Fig. SB)

100-200 p.m long or as sea-urchin Iike aggregates, when the crystals are bigger than in the first case. They

are reddish brown, yellowish to greenish coloured and their faces are atways characterized by conspicuous

corrosion figures.

Other authigenic components - some framboldal pyrite granules have been identified

during field works when tasting the vibrcrcorer. P085ibly. in sorne organic clay layers manganese micro

concretions could occur ln mixture with quartzose sand.
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Figure 5A - A well-developed siderite crystal of the core CSS-2 as seen under SEM. Observe the conspicuous corrosion figures on

the surface.
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Figure 5B • Morphology of siderite crystals from the core CSS-2 with indexation of faces after SEM photography.
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GENERAL DISCUSSIONS

The anaJytJcaJ results ratlfied, wIth more certainty, which was suggested by the

macroscoptc examlnatlon of the sedlmentary sequence, i.e., that the nature of sedimentation wtthln the

studied Iake changed cycllcally through the lime. Is Il possible, as we suggested in the beglnnlng of thls

paper, ta assume a climatle cause for this cyclic phenomenom and, then, whlch would be the cUmates that

prevaDed durtng that tlme? We wouId try ta 8Il8Wer these two questions based on the available anaIytical

results.

A cllmatle cause ?

The studled lake, fram which core C8S-2 was obtained, is situated ln Southem Serra dos

Carajâs al latitude 06°15'S and longitude 50 0 30W occupylng an alongated depression (100-200 m w1de

and 600-700 m long), ent1re1y cJrcumscribed, BXcept toward an outJet where a very compact Iateritlc

pavement close the cuJvert., by smali hUJs wIth generally changeable gentle sfopes, but sometimes more

abrupt (Fig. SA). The hUis domlnate the landscape from 10 ta 100 m (FIg. 68), and thelr cuJrassed slapes,

dlssemlnated by ferruglnou8 blacks Qlthosols) and sorne termite constructions, are covered by a savanna

type vegetation. The dense tropical evergreen forest appears onIy as far as about 1 km from h9re, at the foot

of the scarp bordertng the cuirassed plateau (Fig. 68). Any evidenœ of underground drainage (water table

or other) has been observed, then apparentIy there are not other water source for the Iake, BXcept for direct

arrivai fram pluvial precipitations ruMlng as very Iittle dlsorganlzed streams across Jts slapes.

Subjected ta these conditions ft is possible 10 visualize oRy the foIIowing three possible

sources for the organomineral sediments whIch fulfUled the Iacustrine basin: hydrologlcal, mechanlcal and

chemlcal s10pe washlng, aquatic bioIoglcal (plants and animais) aetivitles and aerlal supplylng. These three

sources were dlreetly or Indlreetly controIled by cllmatic conditions. For axample, the Iake water depth and.

consequently, the type of life susceptible ta develop there are depandant of p1uviosity and evaporation rates,

which are in tum reIated ta the temperature, wind, etc.; slmlarty, the slope eroslon Is controIled by vegetal

caver whose nature la prImarlIy depandant of the climate, ete.

Then, is Il possible ta attrIbute a cllmatie signlficance for the cycIlc sedimentation

observed ln the studled deposits? This Is not absolutely correct because sorne non-cIlmatic ev9f1tS couId

play a roIe as Important as the cllmate modlfylng the sedlmentary envIronment. HO'N8YeI', the probablIlty of

non-cllmatic evant looks 10 be very low. It Is possible ta Imagine a talling down (coIlapse) of the culrassed

topography, followed byan active internai erosIon (lEPRUN, 1979); however, this mechanlsm couId cause,

for example, a tremendous evaeuatlon of the Iake or, contrarUy the Iake levai rislng. If thls k1nd of event have

p1ayed a role ta origlnate the depression, we have net observed any reœnt eviclenœ of Its intervention ln the

present geomorphoIogy.

It is 8180 possible ta imagine sorne tectonic perturbation which could simuarty modify the
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Figure 6A - Lake studied in the southern Serra dos Carajas surrounded by gentle slope relief and banded superficial vegetation.

Figure 68 - Oblique aerial view of the Southern Serra dos Carajas highland covered by a savanna-type vegetation and the

surrounding lowland with an evergreen rainforest.
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water level of the lake; however, there are not any evidence of this, and the evolutionary history of the Serra

dos Carajas, as it is known presently, does not indicates any important tectonic aetivity in this area after the

Precambrian limes.

Finally, it is possible to think to human activities affecting the area which, for example,

couJd modify by tire the nature of vegetal caver. But the presence of man ln this area is oot considered to

be oIderthan 8,000 years B.P. rGruta do Gaviâo·, Serra Norte - Folha de Sâo Paulo, 01/06/1987), and then

it is net possible to attribute for this eventual participation, except for the uppennost portion of the

sedlrnentary sequence!

Consequently, there is a high probability that the cyclic sedimentation composed of

altemated siderite-rich and organic matter-rich Iayers, studied in CSS-2 core, is in fact translating

paJeocIimatic changes which occurred in this Amazon area during the Iast 50,000 years.

Which climate ?

For each of the most important sedirnentary facies (siderite-rich and organic matter-rich),

is possible to look for their possible signiflcance studying the genetic conditions of the associated authigenic

minerais, as weil as the relative trequence of the inherited minerais.

Siderite-rich layen - several authors studied elsewhere genesis of siderite (GARRELS &

CHRIST, 1967; CURTIS &SPEARS, 1968; BERNER, 1971; STUMM & MORGAN, 1981; POSTMA, 1981, 1982,

1983, and BERNARD & SYMONDS, in press) emphasizing the tact related to thennodynamic stability

dOmEJin of this minerai which is very restrict It couJd be precipitated onIy within very uncommon situation,

characterized by reducing environment with high C02 partial pressure, low sulphate content and moderate

calcium/iron ratio (Ca/Fe(2()); a medium pH is also necessary to avoid ils dissolution (pH>5). These

conditions allow us to understand why siderite is much less traquent ln sedimentary sequences than other

carbonate minerais. In generaJ, richness in S04-2 and Ca+2 of interstitial waters in marine environments

propitiate the formation of pyrite and/or calcite instead of siderite, except if sedimentation rate is very high

(BERNER, 1971: CURTIS etai., 1975; PYE, 1981, and POSTMA, 1982).

Siderite Is much more traquent within continental demains where waters impoverished in

sulphates are more favorable to ils formation, being cornmon in conflned and organic matter-rich

environments such as sediments and hydromorphic soiIs in deltaic environments (TANCREDI et al., 1975;

POSTMA, 1981, 1982, and SIEFFERMANN, 1988), anoxic Iacustrine deposits (GIRESSE, 1987; MALEY et al.,

1987; BERNARD &SYMONDS, in press, and BAHRIG, 1989), etc. Wlthin these anaerobic environments, the

required C02 and Fe+2 for precipitation of siderite will be directly produced by enzymatic activities of some

bacterias using fresh organic matter as electron donor (oxidation) and the ferrie compounds as electron

receiver (reduction) (OnOW & MUNCH, 1981; MUNCH &onow, 1983). On the other hand, BERNARD &

SYMONDS (in press) considered the possibility of participation of extra-sedimentary C92' as of volcanic

origin.
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The environmental conditions of Carajâs siderite-rich layers, characterized by

confinement, production or sl:Jpply of biodegradable organic matter, waters with a low content of 504-2 and

Ca+2 and richness in Fe, are in perfeet agreement with the above mentioned previous papers, and these

conditions probably have been always assured, particularly nowadays. A sample of peaty water collected

baside the boring site showed the following composition (ppm): 504-2 = 25,0; N03- = 2,1; NH4+ = 0,9; CI

= 21,0; P = 0,3; Ca = 3,2; Fe = 93,4; Si = 5,1; Na = 0,8; K = 1,7; Mg = 0,6; AI = 0,5, and pH = 6,3.

The reasen why siderite production was sornetimes tremendously intensified and

otherwhlle almost null Is not. then, perfectly understood. Possibly, sorne siderite could be dissolved during

diagenesis, based on whlch Is suggested by corrosion figures; however, this hypothesis is in disagreement

with the measured pH values (BERNARD & SYMONDS, in press).lt seems more probable, Iike suggested by

BAHRIG (1989) and aise by certain characteristics of the Carajâs deposits, that other factors, besides those

already mentioned, might have controlled the genesis of the siderite-rich layers. BAHRIG (op. cit.) studied

Eocene lacustrine deposits bearing occasional siderite-rich layers in Germany. The 013C and 0180 of

siderite layers and associated sediments, as weil as their petrographie studies, indueed the author to reach

the conclusion that they are probably related to changes in the paleoc/imate, especia/ly an increase of the,

precipitationjevaporation ratio within the drainage basin, which propitiated an additional supply of

allochtonous organic matter and other detrital particles toward the lake. An intensification of the bacterial

activity (methanogenesis) in the waterjsediment interface is also noted. At least two evidence observed in

the Carajâs siderite layers suggest that this Interpretation could be correct:

a) Only the siderite-rich layers present considerable amount of ferruginous micro

nodules which are undoubtedly of detrital origin (Table 1). It is possible to think that they have been equally

supplied for the organic matter-rich layers, being laterly dissolved, but this hypothesis is in disagreement

with their low Fe20 3 content (Fig. 4), as weil as with their pH values. The siderite-rich layers are aise richer

in quartz fragments, which are of detrital origin too. Plainly, it is necessary ta do more precise ca/culations,

particularly of detrital inflow (weight of the deposited carbonjweight of inorganic detrital fraction = per unit

surface per unit time interval) for the entire sedimentary column to confirm these higher clasticity ratios of

the siderite-rich layers.

b) At the base of the first two siderite layers, in contact with organic matter-rich materials,

there are two levels of abrupt contact (220 and 480 cm, Fig. 2) with indentations interpretable as a level of
1

desiccation cracks. Moreover, Jher~ is an important difference of age between the base of the first siderite
l ,1

layer (12,520 years B.P.) and underlying organic clays (22,870 years B.P.), which is suggestive of a

sedimentation hiatus.

There are many similarities between the case studied, in detail, by BAHRIG (op. cit.) and

that of Carajâs. Here the siderite-rich layer could be aise explained by a tremendous increase in

organomineral detrital influx sometimes during the past. After a long period of hydraulic deficit
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(precipitation< < evapotranspiration) the lake became completely dry, propitiating the development of

savanna-type vegetation in its s1opes, and an abrupt increase in ralnfall could promoted sorne erosion of

lacustrine sediments, and the lake again filled by water developecl a good condition for massive precipitation

of siderite, wlth high terrestrial organlc matter and ferruglnous detrital particles Inflow, suitable microbiaJ

fauna, etc.

Organie matter-rieh l8yera - these deposits succeed systematically the siclerite-rich

Iayers and, apparently are a consequence of a landscape evolving mosdy by dissolution processes. In fact,

the detrital fraction Is much less Important than in siderite Iayers, and simultaneously authigenic fractions.

IIke phosphates, sUlcophosphates, opale, etc. (Table 1) are Indicatlng that dissolution processes prevailed

upon transportation of detrital materials.

ln the same way, the low Iron content and the absence of ferruginous micr€rnodules in

the organlc matter-rich Iayers suggest that the Iron dynamics was quite different during these avents;

probably the iron supply to the lake was mainly ln the form of hydrosoluble or coIloidaI organic complexes

which have been only partlally retained within the basin due to the continuous lake water flowing off.

Sometlmes occurred the strengite authigenesis suggesting phases of better oxIgenized water (NRIAGU,

1972; NRIAGU & DEll.. 1974, and WARRY & KRAMER, 1976). The organic matter-rich Iayers are then

indicative of phases when occurred weil developecl vegetation caver with intensive hydrolisation of the

substrates. Possibly, the vegetation was of forest-type with many trees (there are sorne levels with

concentration of carbonized woods) which, at that latitude and altltucle, suggest humici tropical climate,

posSibly more humicl than today (annuaJ precipitation of 1,500 to 2,OOOmm and mean annuaJ temperature of

24 to 26°C).

On the ether hancI, the organlc matter-rich Iayers corresponding to 8,000 years B.P. to

present (80 cm to 0) are dlfferent tram others ln sorne charaeteristics: abundance of siliceous sponge

spicules and small charcoaJ fragments and absence of phosphate nodules and quartz. The absence of

quartz could be expIainecl by the fact that the Jake is presently a1most fuIfiIled by sediments and detrital

fragments could not reach the central portion of the depression, but the feasible meaning of the ether

charaeteristics remalns questionable. The association between sponge proliferation and charcoal fragments

could be net fortuitous. In fact, It is possible that important buming devastated eastem Amazon during that

time (SOUBIES, 1980, and SERVANT et al., 1989). The abundant charcoaJ fragments could record these

fires and the proliferation of sDiceous fauna could be a consequence of massive production of phytolithes

supplled to lake sediments through winds and/or s10pe running waters.

CONCLUSIONS
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The preliminary results of physical, chemical and mineraJogical analyses of a

sedimentary column sampled in a Southem Serra dos Carajâs (State of Para, Brazil) lake suggested very

c1earty that this Amazon area has been submitted to important alternate paleoclimate change during the last

50,000 years. This conclusion is in perfect agreement with palynological studies developed on the same

sample (ASSY et al., 1989). Moreover, additional age determinations and other analyses, including petrology

and isotope geochemistry (c5 13C and 15 180) of organic matter are presently being done by A Sifeddine at

ORSTOM (Paris), which could allow, in near future, to reconstruct better than presently the evolutionary

history of changes in the recent paleoclimate in this portion of Amazon area.
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