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Abstract. The distributioii of kace elements was investigated in surfwe waters in two upper 
Amazonian basins. Three main factors of the geochemical characterisation of the rivers 
explained mainly by weathering and dilution pmcesses. are : substrate lithology. mining 
activities, and organic matter _content. The disiolved elements. reflects the l i thd~gí~il  
d i f fwa i s  h m e n  the Mamors and Beni basins. hx&sìn t&utaries of the Mamore R. are 
ehmctwised by high eoncentt.ations of Mfi, St, Mo, Ba md U while high coneenkitions of As, 
Zn, Cd and Cs characterise tributaries of the Beni R. Dissolved Sr, Ba, Mo, Rb, U correlate with 
major ions and appear to be predominantly derived from soluble rocks. 1nfIw"e of the shale 
emsim explain the high crmcmtrations o€V, Zn f i t  and Pb measwed in Beni tributarie?. The 
high v&es of Co, Ni and Mn reflects the Palaeozcric devitical Sepies h m  th drainage b;tSiYiF, 
of the Tipuani and CYlallana rivers. The higher content of Mn in the €chilo river may reflects the 
predarninance of carbonate roch. Regarding to the anthropogenic influence, rhe high Zn, As, 
and Cd concentrations measured in the Taquesi river can be explained by important mining 
ac ti$ti&. 

INTRODUCTION 
Most published kace element budgets and oceanic meidence time (Martiti and Meybeck, 1979) 
reiy on few possibly unrepresentative data ivhTle the widespread use of clean techniques has in 
many cases substantially dereased estimates of trace glement concentrations, especially those 
of the transition _e!gm_r!$ j-n j-jv-gp (Biller n d  &yl_llY85; A l h ~ g  et al, 1990). Accprding to 
%hang and Huang (1 W3}, tveí¿th&ing and wsiÕn exert a major cdntxol on dissolved tram metal 
eoncentrations in the Huanghe iiver. Dupe et al {1996) condude that U, Rb, Ba and Sr 411 the 
Congo tiver are controlled by the dissolution of the main rock types while the abundance of 
Rare Earth Elements or transition elements are controlled by the presence of colloids. The 
partitioning of elements khveen the dissolved and solid phases may also influence trace 
e l m "  concentrations in large river systems, bttt few recent studies (D~iprd et al, 19%) have 
-foewed m this aspect. In order to improve the howledge of proeases whieh g ~ ~ m  b e e  
element distributions in riven and to better constrain -budgets. it is necessary to produce more 
data sets on relatively small dramage basins encompassing the diversity range of litholog, 
climate and relief. J3is paper focmes on trace elements o/, h4n, Co, Ni, Cu, Zn, As, Rb, Sr, 
Mo, Cd, Sb, Cs, Ea, Fb, and U) in both dissolved and suspended matter for tlw Mamore and 
Beni watersheds in the Bolivian part of the Amazon basin. Data are used to investigate trace 
element behaviour in a tectonically active area within the humid tropics. Because they represent 
an important part of the largest world river basin and also becatka it is a relatively firktíne 
region where the contribution of the atmospheric marine murce is limited (Stallard and 
Edmond, 188 I), the Ma"% and Beni basitis are ideally skiited to ~ S S ~ S S  the diRerrettt factors 
that control trace element transport by rivers (Elbaz et al., IOW). 
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DESCRIPTíON .OF THE S T U D Y ' m A  
Bdi.vian. Amaz.mian basin with the M.amsre and Bai. sub-hasine (Fig.1. } represents the An.dsan 
headm ters .of the Madeira 'Ri&, .one .of the 4 most important tributaries .of the Amazon .River. 
This i-egbn provides iimst Qf .die yield .of .the Amamia trjver for both dissolved loads aiid 
sediments (Roche and Femandez, 1988; C~iyot, 1.9933). These highly turbid i-hers flowing out 
f?om the Andes correspond to white water rivers. The Bolivian part of the Madeira ,drainage 
basin rmçhes 0,9 IQ" h2, with 25% in. Andes, 27% QII Bnzi21ían shield an.d 48% in plain. 
Andean .tributaries .of t h e ' h i  .and Mamm, .river .drain hoth semi-arid arcas .of high altihide, 
fioin 6400 in, .and .atas of .tmpica.l Imrnid forest of .the piedmait. Andean rivet% export an 
average of 500 10" t of sediments by year, and the half ofthis burdens is transported by the Beni 
Riva in Rumnabaque (Guyot 1993). The. Andean tributaries of the Beni river .drain intrusive 
m-n-itk E& w e k d  $y ibi& .~~~.EENB-IY dem&$ " .  , . -hm the 0rdmici.m iip.mMed hy grey- 
ge& to dark shales and &&stone with ages ranging'fkk the lower Patawmic to Tdtary. 
Devonian sequences with -"&e sediments are well -represented -in the drainage basins of the 
ichilo, Chimore, Yapacani and Grande rivers. Carbonate rocks and evaporite fonnations f'roin 
abundant outcrops in &e Mamme.sub-hasin, especially in the Grande &er catchment whereas 
.. in~s. ive . ._ gz.n.kt  ~&P&&X! M h  s~dfide gg!kg.i$ esist i.n the 5sn.i .sUb-bmí-n.. 

MATERIALS AND METHQDS 
Sampling Procedures 
Water samples were .collected ín April 1994 at the end .of the rainy period. Samples for trace 
elements were collected in acidclean high density polyethylene botcles {washed sLiccessively 
with aqua regia, hydrochloric acid, nitric acid, and finally filled with sub-boiled 1% nitric acid 
in Milli-Q water until sampling). The last conditioning work was done under a laminar air flow 
(class-100, US nams), Dissolved and smpended phases were separated immediately after 
cullection by vac~lum filtration &irou& p-we&ted 3nd acid wished 0.22 ym Teflon filters 
{Millpore). The filtrate was transferred to acid-cleaned IOW density polyerhylene Nalgene 
bottles and acidified to pH2 using sub-boiled nitric acid 12N until analysis. Filtration blanks 
were run on the field. Contamination was genera€ly negligible except f i r  Zn and Cd which are 
inox sibjected cantamination than other traces, 
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Samyfes Treatments 
For mct dCXrh?tlE deteminarion, the SPM on the membranes was dried at W C  for 24 ho~m.  A 
HNO3-HF-HC1O4 digestion was carried out in sealed Teflon (FEP} beakers. The membranes 
were removed and the solrition WS evaporated to near dryness. The residue was dissolved in 
wb-boiling distilled HNOS arid then &lutBd with sub-boiled Milli-Q water prior to analysis. HF 
and HCIO+ were Merck Supraput p d e  acids. Digations were pe r fwed  wider a laminar air 
flow clem bench. Blanks were negligible when compapared. to sample ConccnEt-aEions. 

Analytical Determintitian 
Analysis of digested SPM and w3ter samples were performed 'by Inductively Coupled Plasma- 
Mass Spectrometry (ICP-MS). Concentrations were established by calibrating peak intensity 
acquired in peak jump mode with standards solutions. For dissolved samples lndium was used 
as an intemal standard to correct for changes in peak intensities dur to instmment.al drift. 
However, EP-MY m g  prochce spectral interferences and &tis analyríeal mrs aeeording to 
elements and matrix composition @ha0 and Horlick, 1991). This problem is systematically 
evaluated for each analytical sequence. Tne tnce element data presented in this paper are 
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Three main factors of the geochemical characterisation of the studied riven explained mainly by 
svea.thering and djlutian processes, axe: i) sub@xi.te l i t h ~ l ~ g ~  îi) mining activities, and. iii) 
organic matter content. Using statk&cid methods {KA), the cmbined use of hk geachemkal 
d2k with geological inhmtim on sach watershed demonstrates the fiu?damenr$t mk of the 
weathering processes on the trace chemistry of the Andean rivers. 

Dissolved trace elemes&i 

The geochemistry of dissolved elements reflects the lithological differences between the 
Mamore and Beni basins. Andean tribubries of the M a m m  R. are characterised by high 
mncencratimsi of Mn(55 fo 4290 Wí), %(&4 to 1.943 nM), Mo (2.5 to 20.3 nM), Ba (99 to 
399 nM) and U (0.3 to 3.9 nh4) ivhi-te high concentrations of As (1.9 to 310.6 nM), Zn (3.8 to 
218.5 nM), Cd (0.03 to 1.66 nM) and Cs (0.06 to 2.57 nM) characterise Andean tributaries of 
the Beni R with maximim vahes measured in the Taquesi R. (Figure 2). Compared ta &e 
already available data fbm the A m a n  Basin (Furch1 984; Gibbs, €9777; Konhawr et al, 1994) 
Cd and Zn cgincetl&acíotls a@ siignificandy higher probably as a ustilt o-€ sulfide mineralization. 
The range of U data (<);O19 to 7.548 nh4) is larger than that measired by Pahner and Edmond 
(1993) in the same drainage basin (0.010 and 1.06 nM). This discrepancy is the result of the 
high values observed. in che Grande river which had not been investigated by these authors. 
Otherwise most trnce elements are present concentratiais i11 the rang established as 
normal for. other large rivas- Dissohed Sr, Ba, Mo, Rb, U and to a ksser extend Zn and Cd 
correlate with major ions and appear to be predominantly derived from soluble rocks 
(carbonates, evaporates or sulphides essentially contained in shales). Influence of the shale 
emsion h m  Silurian and Devcnian series explain tiie’kigh   on cent rations of V, Zn, Cu and Pb 
measu-ed îu Beni tribukmies. Additiarially, the high values of Co, Ni and E/ln reflects the 
Palaeomic dehitical series From the: drainage basins of the Tipiani and Challana rivers. 
Uranhm is strongly correlated with alkalinity ( R p r e  3), excepted in the Tipani Challana and 
Taquesi rivers in agreement with U inorganic speciation \&ích is dominated by carbonate 
CQ~TI~~~XS. The a+tions compmd to-rivas whem pyrite drainage is likely ocçuning and 
which have also Zii, Cd and Cu anadies .  The higlier content of Mn m the ichilo river may 
%flats the predominance of carbona-te mks in his M a m m  t;ub-b.;tsin. Regarding to the 
anthropogenic influence, the high Zn, As, and Cd mncentratìons measured in the Taquesi river 
can be exp1aimd by imprtant mining activities. High values of V measured at the end of the 
dv x w n  in 
phytap1ancton biomass. 

~ v g @  (‘bl?Ok $at-”) 0B.n CQqlgtgI with thr: d?creasjng gf the 
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.$.usp-eid& ~%&c.ula.t.e ~a.t.eriai (SPM) 
Detailed evaluation of the minera log^ and major element chemistry.nf.SPM have been already 
.undertaken ._ . .- . - - . . - . . (GLiyc% 1W}, .SPM is made Lip .df days C5? to 76%) :a.nd gL1.8.m (15 to 33%} -\.vit11 
subordinate amounts of plagioclase and K-feldspar. Illite .(53%), kaolinite .(XI%), .chlorite (1 8%) 
and smeetite (9%) are .the main elay minerals in .the Madeiia basin. No obviom differ" has 
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bem .detected hehveen the Beni .and Mamore sub-basins. The major .elexnent .chemistry .of ‘SPM 
is domiilated .by Si, Al .and K which iqmseiit .inore tham 95% .of the total .amount. Fu.rtlier” 
the solid load is enriched in K over Na and Mg over Ca in agreement with the abundance of clay 
minetals. Otherwise the negative correlation between ‘Si and Al indicates that rhe mineral 

highly variable, .the tmw .element.cancentratiom .do n0.t show any relationship with the location 
of the .samples .and no .significant diffetence .is .obse& between the tive basins. The trace 
element concentrations in SPM are similar to those dvarzea sediments and soils fionhauser et 
al 1994) except that the c.oncenrratiom of Sr and to a lesser extend Ba are relatively low. The 
-- finationation .. - .. - ___. . . - .- ’Qf tmce ._ _. - - - elements - _.. . _ _  ... j-n SPM ha? &-n g.tpjbu~d t~ the SQjtinig gf feldspas dL1hng 
transport in water, and to the mixing .between .clay minerals and .quartz. nesse min&Is, 
-refraotoiy to weathering .ancl introdLiced -in .tl;ater -fivers by mechanical .etmion, have -not 
contributed to the dissolved load and the contribution of silicate phases remains rather small. 

cQmPQ?.í!-iQn Pf 5P-M i3 dRV.km8.l by VP-giUg P?QPQ-~Q-? af g!G-& .nd P!3Y -V.iU-e?!W .AlthPJ&& 
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