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Melal panitien patterns in the ridai flats of the Marennes O leron Bay arc studied in crder 10 
dctcrmine metal associations, mcta! availabil ily for the bicla, and the change of these 
associations arter burial. Il is a sludy Icading 10 a better undcrstanding of mcta] carly 
diagcncsis and diffcrcntiation bctween surface metal enriehment - caused by diagcnetie 
migration, or by anthropogenic flux. 
The metal partition patterns in the supcrficial sediments indicate that the major pan of the 
mobile fraction of metals is in association with Fe·Mn oxides. The metal fractions associated 
with o rganic matter are relativcJy small. The decrease of metal reducible fraction with 
increasing depth is an evidence of oxide dissolution under reducing condit ions. The increase of 
metal sulfJde·organic fractio n with an increasing depth of burial, suppons the idea of metal 
sulflde format ion. The calculation showsthat the total sulfur in the sediments is in e:tccss, wÎth 
re.~pcct to iTOn extracted by the hydrogen pe ro:tide treatment. This assumes the e:tistence of Fe 
fract ion as FeSl or FeS. Mn enrichment in the surface sediments i5 the result of Mn dissolution 
and upward migration and precipitation. Nevert heless, Pb e nrich ment seems to bc the result 
of high Pb anthropogenk: flux. 

Ouano{. AC/a, 1982. 
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Bordeaux. France, 8· 14 Scptember. 1981 , 
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Diagénèse précoce et pollution des sédiments de la baie de Marennes-Oléron : 
application de l'extraction séquentielle des métaux. 

L'extraction séquentie lle des métaux a été réalisée sur des sédiments de la ba ie de Marennes
Oléron dans le but de préciser les associat ions de ces métaux avec les différentes fracl ions 
li thologiques, leu r disponibil ité pour le biota, et les changements que subissent les associations 
au cours de l'enfouissement. L'étude conduit à une meilleure connaissance des effets de la 
diagénèse précoce sur les métaux et à une différenciation des enrichisseme nts liés aux 
migrations diagénétiques , ct de ceux qui sont dus aux apports anthropogéniques. 

La répartition des métaux dans les sédiments superficiels montre que la fraction mobile est 
principalement liée aux oxydes de Fe et Mn. La fraction associée à la matière organique est 
re lativement faible. La décroissance de la fraction réductible avec la profondeur montre que 
les condi tions réductrices induisent une dissolution des oxydes. L'accroissement des teflCurs en 
métaux liés à la fraction oxydable évoque une formation de sulfures méta lliques croissante 
avec l'enfouisseme nt. L..c calcul montre que dans les sédiments le soufre total est en excès par 
rapport au fer extrait par le traitement à H20 2. II paraît donc logique de penser que la majeure 
partie du fer extrait par cette attaque est sous forme de FeS2 ou FeS. L'enrichissement en Mn 
e n surface est le résultat d'une dissolution de Mn en profondeur, de sa migration vers le haut ct 
de sa précipitation à l' interface. Au contraire l'enrichissement en Pb semble dû à des appons 
d'origine anthropogénique. 

Oc~anol. Acta, 1982. 
SCORlIABO/ UNESCO , 

Actes Symposium International sur 
Bordeaux. 8-14 septembre 1981 , 119· 128. 
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1N:rRODUCnON 

The trace mctal panition panerns in the sedimcnls in 
dîfferenl environme ntal conditions have been recentl )' Stu· 
died by man)' aUlhors who used differcnt approaches and 
methods to stud)' mctal mobilization, associations, availabi
Iii )' 10 biota pollution and diagencsis (e.g. Chester, I-Iughes, 
1967 ; 1969; Chester, Messiha I-Ianna , 1970 ; Nisscnbaum, 
1972; Presle)' I!l al .• 1972; Gibbs, 1977 ; Brannon el al .• 
1977 ; Loring, 1978; Filipck, Owen , 1978; Eaton, 1979 ; 
Skei , Paus, 1979 ; Benrand , 1980; Kilano el al. , 1980). 
This stud)' is concerned with Mn , Fe , Cu, Ni and Pb 
panition patterns determining metal associations with diffe· 
rent componenls of scdime nrs as weil as factors controlling 
the metal associalions in the surface sediments and afler 
burial. The cha nge of metal associations aftcr bu rial gives us 
an idea about mctal mobilizatio n. carly diagcnesis and 
pollution. Three fractions arc defined ; the)' arc reducible, 
oxidizable and residual. 
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Ten surface sediment samples and IWO cores were collecled 
from the tidal Oats of the Marennes Oléron Bay (Fig. 1). 
Core 8 (100 cm lenght) îs locatcd at the eastern side of the 
ba)' and core 7 (JO cm length) at the weslern side. After the 
interslitial water extraction, Ihe sedime nts arc dricd al a 
lempcrature of 60-70 oC. Grain sizc analysis, clay minera· 
logy and mineraI asse mblages arc perforrned. Organic 
carbon is determined by the wei oxidation of sediment 
samples (Strickland. Parsons, 1968). Total su lfur is deter· 
mined in the sedi ments by the Lcco mcthod: CaCO) 
pcrcentagc by the volumetrie CO~ determination ; Al % in 
the tOlal sediment samples b)' alomic absorption. Mn . Fc . 
Cu. NÎ and Pb in the three suecessh'e fractions and in the 
sediment completel)' dissolved by HF-He! 0 4 arc al50 
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analyzed b)' alOmÎe absorption. This method 1s explained in 
Figure 2 (Chester, Hughes, 1967 ; Presley el al. , 1972). The 

. tOlal concentration of mctals is in good agreement wilh the 
tOla l sum of the fractions. They differ by less than 10 % in 
most cases . 

The hydroll:ylamine bydrochloride.aœtic Icid (reduciblt) 
rraction 

This Ircalment rcmoves that pan of mctal which is associai' 
cd wilh the iron and manganesc oxide phase. Carbonate and 
exchange mctals arc aise included in Ihis leachate, and acid 
soluble sulfides can eont ribute small amounts o f heavy 
metals in Ihe sulfide rieh sediment. These contributions arc 
nc\'e nheless, minor eomparcd to mctals in oxides and 
carbonates in mest circumstanccs (Presley et al., 1972) . 
Metals bound stnJcturally in silicates are li tt le artected by 
this treatmcnt aceording tO data by Chester and Hughes 
(1967). 

The hydrogt'n peroll:lde (oxidinlble) rractkm 

This extraction was intended tO dissolve sulfidcs and organic 
matter and to have a minor effeet on silicates. T he 
remaining organ ic carbon rcsisting the extraction by 1-1 20 2 
was examined in sorne samples after the trcatment ; it 
represents 8· )5 % of the original organic carbon. Clay 
mineraI asse mblages for some samples bcfore and l'I f ter the 
two extractions were compared. Il appears that clay minerai 
assemblages do not change arter the twO extractions. 

The residual fraction 

The residual fraction remallllng dter the hydrox)'laminc 
acelic acid and the pcroxide leaches. would in most sedi· 
ments. consist almost entirely of detrilal silicate mineraIs. 

RES ULTS AND DISCUSSION 

Sedim('nt charact('rist ÏClii 

The surface sediments in the intenidal zone of the Marcn
nes Oleron Bay (Fig. 1) represent a muddy sediment with a 



variable proportion of clay, si lt and sand. According to 
pouliquen (1975) the dist ribUlion fo Ihe surface sedimenls in 
the bay is divided into Ihree groups : 
a) clayey si ll facies (35-65 % clay) situated in the cast and 
the nonheastem side of the Bay ; 
b) mixed facies, whcre clay represents an imponant frac
tion (10-40 %) si tuated in the western side of the Bay j 

c) sand fac ies, where clay is less than JO %, situated in the 

Table 1 

METAL PARTITIONING OF SEDIMENTS FROM A BAY 

axis of .. Coureau Central " in the non h and center of the 
Bay. 
Table 1, represenls grain sire analysis, organic carbon 
pcrcentage, CaCO) pcrccntage, Al pcrccnlage. S percen
tage and clay minerais in the surface sediments and the Iwo 
cores. The composition of the clay phase is illite, montmo
ril1onite , kaolinitc and chlorite with a predominance of ill itc 
and montmorillonite. The other minerais arc quanz, calcite, 
dolomite and feldspars (alkaline and plagioclase). 

Craill Jiu organic carbou. carboniJIe. S. AI and clay mineraI diSlribuliQn ill lire surface sedimellis : core 8 (l1J(1 core 7 ilr lire M(lremles Oleroll /Jay. 
Granulom~tric. carbone orga nique. carbonate. S, AI ct distribution des min~ raux argileux dans les sédiments de surface. les carOlles 8 CI 7 de 
III Baie de Marennes Ol~ron . 

Sample < 2 ~m 2-16 Jl.m 16-63 Jl.m ;> 63 ~m M. 

Supcrficial 5Cdimcnts 

50 39 9 2 29 

35 30 4 31 31 

36 20 4 22 

34 41 18 7 

6S 35 40 10 " 
" 27 34 14 27 

45 36 2 17 24 

9·' 33 31 3 33 12 

]().S 19 20 8 " 18 

Ig 32 38 19 Il 21 

Core 8 

(0-2) 8 17 40 6 37 17 

(2-4) 8 " 16 48 21 

(4-6) 8 19 60 18 

(6-11) 8 37 37 24 22 

(11-16) 8 39 36 , 20 27 

(16-21) 8 36 4S 7 12 30 

(21·26) 8 32 " 
, 28 28 

(26-36) 8 31 38 8 23 

(36-46) 8 26 30 30 14 

(46-56) 8 37 41 13 9 

(56-66) 8 34 " JO 21 

(66-76) 8 " 34 19 12 23 

(76-86) 8 36 43 !3 8 25 

'21 

1. K. Ch. 

45 16 JO 

43 15 Il 

48 16 14 

47 14 13 

47 16 13 

46 15 12 

47 15 14 

56 17 " 
" 14 13 

48 17 14 

SB 12 13 

50 14 l' 

" 14 l' 
50 13 l' 
4S lS 13 

44 13 13 

46 13 13 

48 13 13 

46 14 14 

4S 14 14 

50 12 12 

48 14 l ' 

47 14 14 

Q.C. 
% 

1.32 

0.63 

1.15 

0.99 

1.01 

0.86 

1.10 

0.74 

0.63 

1.02 

1.51 

2.00 

1.63 

1.55 

1.53 

1.51 

1.32 

1.36 

1.53 

1.1 3 

1.43 

1.5) 

2.02 

11.5 

15 

15 

15 

" 
16.5 

16.5 

16 

23.' 

19 

18.5 

11.5 

16.5 

15 

16.5 

l' 
l' 
11.5 

18.5 

l' 
8.3 

8.3 

JO 

S 
% 

0.200 

0.160 

0.160 

0.152 

0.176 

0.136 

0.149 

0.142 

0.168 

0.189 

Al 
% 

9.18 

7.27 

6.58 

7.53 

6.66 

6.80 

8.09 

7.67 

4.09 

7.45 

0.140 7.59 

0.133 8.38 

0.125 8.01 

0.190 8.38 

0.347 7.94 

0.310 8.92 

0.3 10 9.29 

0.335 9.36 

0.490 8.91 

0.480 8.48 

0.675 9.23 

0.770 9.36 

1.390 9.29 
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Sample <21olm 2· 16 1olm 16-63lolm > 63lolm M. 

Superficial sediments 

(86-96) 8 " " " 9 24 

Core 7 

«()'2) 7 18 29 29 24 17 

(2.4) 7 IS " Z7 23 10 

(4.6) 7 22 28 27 23 17 

(b- II) 7 W 22 29 29 16 

(11.16) 7 14 26 29 21 " 
(16-21) 7 13 " 25 43 17 

(21-26) 7 " 18 11) 43 16 

(26-30) 7 18 21 18 " " 
Legcnd : f.1 . = Mommorillonite K. - Kaolinite 

L = Illite Ch. - Chlorilc 

Chemiclll analysls 

Mallgalle~ 

ln the surface sedime nts a high pcrcentage of Mn is soluble 
in the hydroxylamine fraction (66.6-79.8 %). Mn in the 
1-1 20 1 fraction represc nts only 3.5·6.5 % of the 10lal. The 
residual Mn fraction represents 15.6-27.9 % of the total 
(Table 2). Gupta and Chen (1975) in nearshore sediments 
round Ihat 17.25 % of the total Mn is non-residual ; they 
explained thal Ihis low value was due to the incomplete 
dissolution of Mn by Ihe hydroxylamine aeetie acid treat
ment. Chester and Hughes (1969) and Chester and Messiha
Hanna (1970) found that 68-88 % of the 10lal Mn in deep
~a ~diments was marine derived and 12-32 % "'as lilhoge
nous. 
ln core 8. Mn pereentage in Ihe hydroxylamine fraction 
decreascs at the bottom of the core. However. the maxi· 
mum Mn in this fraction obscrved in the top 2 cm represenls 
77.5 % of the tOlal ; the minimum Mn in this fraction 
observed al the bonom o f the core represenls 44.1 %. Mn 
soluble in the H!O~ fraction varies slightly belween 5-7 % of 
the total in the upper 66 cm of the core (Table 2). Ncverthc
Icss. a great variation is observed below 76 cm depth , where 
Mn in this fraction represents 21 % of the total (Fig. 3). Mn 
in the residual fraction \'aries betwcen 17 and 49.5 %. The 
increasc in the resid ual Mn pcrecntagc at the bottom of the 
core is the result of the decrea!tC of the absolutc leaehable 
Mn . 1I0we\'er, the absolute residual Mn docs not change al 
the bottom of the core (Fig. 5). 
ln core 7, /I.·ln in the reducible fraction va ries bclwecn 68.7· 
59.2 % (of the tOtal) where the highest values arc obscl'led 
at the tOp of the core ('J'able 2). Mn in the HP2 fraction 
rcprescnt:. 4,4-6.9 % of the total. the residual Mn varies 
betwccn 26.1-36,4 % (of the to tal). Skei Rnd !'aus (1979) in 
a Norv.egian fjord core, found that Mn leached by the acetlc 
acid (non·deuilal) dccreased with depth from 96 % al the 
:.urfacc 0·2.:m to a constant 43 % be low 10 cm. 
Manganesc lcached b) the hydrox)laminc extraction in the 
surface sediment is mainly in the oxide (or h)droxide) form 
with a minor contribution of carbonate and exchangeable 
/l.ln . The decreasc of the soluble Mn in this fraction ",ith 
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1. K. 

47 IS 

53 13 

" 14 

55 12 

" 13 

" 13 

55 14 

55 14 

55 13 

, 

Mn 

I-ïgure 3 

Ch. O.C. CaCO, .. " 

14 2.2 10 

17 1.48 16.5 

10 I. l7 13.3 

10 1.58 IS 

17 1.13 IS 

14 1.01 16.5 

14 0.94 18.5 

IS 1.08 16.5 

13 1.23 18.5 

O.c. - Organic carbon 

• 

Fe 

Cu 

Pb 

ê). .' D' 

S AI 

" " 

1.420 9.25 

0.130 0.85 

0.162 7.08 

0. 195 6.98 

0.202 6.78 

0.228 6.58 

0.272 6.06 

0.338 6.65 

0.570 0.00 

• 

• 

• , . 
!.. . 

Mil. ft. Pb. Ni a/Id Cil perrt/llO~ III lM ,~duC/bf~ (1) oXld,:abl~ (Z) 
und In,dual (3) frac/lOTIS 111 cOle8. 
Carotte 8: pourcentages en Mn . Fe. Pb, Ni. CI CU dans les fT'llctions 
réductibles (1), oxydables (2) ct résiduelles (3). 
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Ft kached br lhe HPl Irearme'" (Ihe curvt) and ca/cu/Qled Fe 
equivalent 10 the 10101 su/fur (lu"izonlill fines) in COTt 8. 

Carotte 8 : Fe e~trait par le traitement â H101 (courbe) cl Fe 
calculé d'après la teneur en 5 10Iai (traits horizontaux). 

depth of burial paral1eled the decrease of total Mn content. 
This deerease is the resul t of Mn solubilisation and upward 
migration and precipitation of Mn in the surface layer 
( Lynn, Sonaui , 1965; Skei, Paus, 1979). Froclich et al. 
( 1979) in equatorial cores, found Ihat the dissolved Fe and 
Mn profiles suggest reduction of the solid oxide phases, 
upward fluxes of dissolved metals and subsequent entrap
ment in the sedime nt column. El Ghobary (1982) stated the 
same phenomenon of recycling of Mn from the interstit ial 
water profiles in near shore sediments. In fact. the soluble 

Mn 

Figure S 

~, .' D' 

Pb 

• 

• 
1 

Fe 

Ni 

Mil. FI!. CU, Pb and Ni COllltll1 in tht rtducibk (1). o.ddizable (2) 
olld residuol (3) fractlollS (Mil, Cu, Ni a/rd Pb in IJ.gIg, Fe in %) in 
COTe 8. 

,.1. 

123 

METAL PARTITIONING OF SEDIMENTS FROM A BAY 

Mn under reduci ng conditions could be precipitalcd as 
MnCO.! in the presence of high bicarbonate concentrat ion 
(Li el al. , 1969 ; El Ghobary , 1982). The solid solution 
formation of MnCOl by the sorption of Mn into the surfaces 
of CaCa) phases ( HageT , 1980) could also takc place. 
Howevc r, carbonate is leached in the fi rst fraction. ft is 
possible that at the bouom of core 8, Mn in the first fract ion 
is mainly in the form of MnCO l . The high pcrcentage of Mn 
in the H10 1 fraction (21 %) at thc bouom of core 8 shows 
that an important fraction of Mn is controlled by the 
formation of sulfide minerais. It is evident that Mn distribu
tion and associations throughout the entire le ngth of corc 8 
depcnd on the physico-chemical and biochemical stale of 
the sediments and that diagenelic reactions arc the main 
factors affccting Mn vc rtical distribution and associations 
ultimatcly leading to the Mn enrichment in the surface 
sediments. 

Iron 

ln the surface sediments, Fe extracted by the first treatment 
represents 7.4- 11.5 % . However, Fe in the H20 2 fraction 
represents only 0.3-1 % of the total Fe (Table 2). The 
major fraction of Fe in the surface sedimems is residual 
(87.5-92.3 %). Gupta and Chen ( 1975) stated thal 74-82 % 
of ·the total Fe is of lithogenous origi n. Chcster and Hughes 
(1969) and Chester and Messiha-Hanna (1970) maintain 
that 82-96 % of the total Fe was of lithogenous origin in 
deep-sea sediments. 
ln core 8, Fe leached by the hydroxylamine treatment 
shows its highest pcrcemage at the top of the core (14.8 %) 
and it decreases with depth to 2.4 % at the bottom of the 
core (Fig_ 3 and 5). Fe in the HPl fraction represents a 
grad ient increasing with depth espccially at the bouom of 
the core (1.5-20.3 % ) , where Fe in this fraction represents 
20 % of the total Fe. Residual Fe fraction represents 92.1-
75.4 % of the tOlal Fe. The residual Fe pcrcentage inereases 
stowly with depth and decreases at the bouom of the core. 
The incrcase of rcsidual Fe % may bc the result of 
rccrystaltization of Fe-oxide (Nisscnbaum , 1972). However, 
with the increasing depth of burial and reduction conditions , 
Fe is ext racted from residual fraction (crystallinc) and Fe
sulfides arc formed ; this is evidem at the bottom of the 
core. 
ln core 7, Fe in the reducible fraction varies between 9.8-
4.2 % (Table 2) and follows the same pauern as Fe in the 
$8.me fraction in core 8. Fe leached by the I-h02 inereases at 
the botlom of the core (0.7-2.7 %) and the residual Fe 
va ries between 89.3-93. 1 %. 
Iron extracted by the first leach represcnts the most highly 
mobile Fe , available for sulfide formation. According to 
Berner (1970 ; 1981) the reactive Fe available for pyrite 
formation in the marine sediments is the strong HCI soluble 
Fe. Howcver, this treatment affects the silicate structure 
espccially the fine grain sizc particles (e.g. ehlorite, Berner, 
1970) and thercfore , it extracts a high pcrccntage of the 
total Fe in marine mud. In contrast, Fc ext racted by the 
hydroxylamine treatment rcpresents only the poor crystal
tine Fe oxyhydroxides in the sediments. Il is a treatment 
which extracts the most reactive Fe (towards HzS) ; the 
decrease of Fe in this frac tion with increasing deplh of burial 
e.g. in core 8 supports this idea. Nonetheless, it represcnts 
only a small fraction of Fe available for thc pyrite formation 
defined by Berner. 
ln core 8, the incrcase of Fe lcached by H20 Z is parallcl to 
an increase of the total sulfur in the sediments and a 
dccrease in the Fe cxtracted by the reducible fraction. Even 
a decrcase of the residual Fe is observcd. The ealculation of 
Fe eq uivalent to total sulfur in the sediment forming FeSl 
(Fig_ 4) o r FeS , indicates that along the entire lcngth of the 
two cores. therc exists excess sulfur which forms FeSz or FeS 
with Fe extraeted by the H20 z treat ment. The major sources 
of Fe in the pcroxide fraction arc organic matter· and 
sulfides. Organic mattcr represents an important fraction of 
Fe at the surface sediments and at the top of the cores. 
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Table 2 

Mil. 1'(-, Cu, NI ami I>b p<lfli!iO/!iltg ill the fl.'ducible (AR). o,ridizable (I/Pd lU/ri rfsiduul (R) frU(liOIlS (ill ~g/g dry Mdi/llf'1II ami in fWrNlllagt' of "U' 100af $/U/I) ;11 l/te $!I,fleinl sf'dillll.'ms. COrt 8 al/d core 7. 
Répanition de Mn. Fe. Cu. Ni CI Pb dans les fmctions réductibles (A R) o.\ydablcs H~O~ ct résidue lles (R) de !"ensemble des échantillons (résultaIs en ",glg du sédiment sec ct en % de la somme totale). 

Scdimcm 
samp1c 

I·S 

2-S 

3·S 

'·S 

6-S 

7 

8·S 

9·S 

10-5 

12-S 

Co re 8 

(0-2) 8 

(2-4) 8 

(4-6) 8 

(6-11) 8 

(l1 · 16) 8 

Mn 
AR 

559 
77.6% 

'" 69.Q% 

383 
71.5 % 

301 
66.6% 

429 
74.2% 

373 
72.7 % 

638 
79.8% 

/>" n 
!-I!O! 

33 
4.6% 

l2 
6.5% 

32 
6.0% 

25 
5.5 % 

27 
4.7% 

19 
3.7% 

J7 
J.6% 

521 JJ 
77.6% 5. 1 % 

387 
79.3% 

5Q6 
75.9% 

45. 
77.5 % 

496 
76.4% 

17 
3.5% 

27 
4.0% 

32 
5.5% 

JO 
6.0% 

431 39 
73.7% 6.7% 

421 
73.2% 

358 
70.3% 

J8 
6.6% 

35 
6.9% 

1> ln 
R 

128 
17.8 % 

121 
24.5% 

\21 
22.5% 

126 
27.9% 

122 
21.1 % 

121 
23.6 % 

125 
15.6% 

116 
17.3 % 

84 
17.2 % 

13' 
20. 1 % 

99 
17 % 

"' 17.6% 

"' 19.6% 

116 
20.2% 

116 
22.8% 

Mn 
TS 

"" 
494 

536 

452 

578 

513 

800 

671 

488 

667 

581 

649 

'" 
575 

509 

Fo 
AR 

4%0 
11.5 % 

3074 
9.9% 

4326 
11.2 % 

3340 
9.1 % 

4047 
11.1 % 

3197 
9.8% 

,701) 

11.2 % 

4365 
9.2% 

2685 
7.4 % 

3540 
8.2% 

4767 
11.4 % 

7143 
14.8% 

4559 
10. 7 % 

4260 
9.2% 

4335 
9.6% 

Fo 
HPI 

425 
1.0% 

94 
O.] % 

386 
].0 % 

3'" 
0.9% 

138 
DA % 

80 
0.3% 

380 
0.8 % 

375 
0.8 % 

92 
0.3 % 

279 
0.6 % 

616 
1.5% 

1101 
2.3% 

1063 
2.5 % 

1439 
3.1 % 

1240 
2.8% 

Fo 
R 

37850 
87.5% 

27901 
89.8% 

34051 
81.8% 

33055 
90.0% 

32203 
88.5% 

29360 
89.9% 

44590 
88% 

42599 
9()% 

33412 
92.3 % 

395'" 
91.2 % 

36'30 
87.1 % 

39878 
82.9% 

37095 
86.8% 

40651 
frl.7 % 

39361 
87.6% 

Fo 
TS 

43235 

31069 

38763 

36723 

36J88 

32637 

50670 

47339 

36189 

43323 

41913 

48122 

427 17 

46350 

44936 

C, 
AR 

C, 
H10 , 

C, 
R 

3.5 2.6 18.4 
14.3% 10.6 % 75.1% 

1.8 0.9 17.1 
9.1 % 4.5 % 86.4 % 

2.4 2.4 15.3 
11.9 % 11.9 % 76.2% 

3.7 2.8 17.9 
15.1% 11 .5% 73.4% 

3.1 1.4 15.2 
15.7% 7. 1% 77.2% 

2.1 1.2 14.3 
11.9 % 6.8 % 81.3 % 

3.4 2.5 \7.7 
14.4 % 10.6 % 75 % 

2.9 2.3 16.3 
13.5 % 10.7 % 75.8 % 

2.7 1. 1 11.10 
18.1 % 7.4% 74.5 % 

3.8 3.0 18.9 
14.8 % Il.7% 73.5% 

5.0 2.5 18.3 
19.4 % 9.7 % 70.9 % 

15.0 6.7 21.3 
34.9 % 15 .6 % 49.5 % 

15.9 8.1 22.4 
34.3 % 17.4 % 48.3 % 

16.3 8.1 22.6 
34.7% 17.2 % 48.1 % 

3.9 3.1 17.6 
15.9 % 12.6 % 71.5 % 

C, 
TS 

24.5 

19.8 

20.1 

24.4 

19.7 

17.6 

23.6 

21.5 

14.9 

25.7 

25.8 

43 

46.4 

47 

2-1.6 

N; 
AR 

N; 
H10 ) 

N; 
R 

11.00 2.6 57 
15.6 % 3.7% 80.7% 

9.8 2.3 39 
19.2 % 4.5 % 76.3 % 

11.2 
17.9% 

9.2 
13.8 % 

2.5 
4 % 

'.3 
S% 

49 
78. 1 % 

54 
81.2 % 

15 2.7 48 
22.8 % 4.1 % 73.1% 

9.8 2.7 43 
17.6 % 4.9 % 77.5 % 

12.0 304 54 
17.3 % 4.9 % 77.8 % 

10.9 4.4 53 
16.0 % 6.4 % 77.6 % 

13.4 
27% 

3.3 33 
6.6 % 66.4 % 

13.2 3.1 55 
18.5 % 4.4 % n. 1 % 

12.6 3.9 49 
19.2 % 6.0 % 74.8 % 

16.7 6.9 52 
22.1% 9. f % 68.8% 

11.5 7.2 50 
16.7 % 10.5 % 72.8 % 

11.7 7.4 52 
16.5 % 10.4 % 73.\ % 

10. 1 5.6 50 
15.4 % 8.5% 76. 1% 

N; 
TS 

70.6 

5U 

62.7 

66.' 

65.7 

55.5 

69.4 

68.3 

49.7 

71.3 

65.' 

75.6 

68.7 

7 1.1 

65.7 

Pb 
AR 

l'b 
H;Ol 

Pb 
R 

42 \.4 30 
57.2 % 1.9 % 40.9 % 

29 1.0 25 
52.7% 1.8% 45.5% 

40 1.9 29 
56.4 % 2.7 % 40.9 % 

39 2.5 28 
56.1 % 3.6 % 40.3 % 

42 1.0 2S 
6 1.8% 1.50% 36.7% 

32 1.0 24 
56.1% 1.8 % 42.1% 

50 3. 1 39 
54.3 % 3.4 % 42.3 % 

" 52% 
2.8 35 

3.6 % 44.4 % 

36 1.7 30 
53.2 % 2.5 % 44.3 % 

49 1.4 36 
56.7% 1.6 % 41.7% 

52 2.e 60 
45.6 % 1.8 % 52.6 % 

54 2.8 31 
61.5 % 3.2 % 35.3 % 

45 
56% 

3.3 32 
4.1 % 39.9 % 

49 3.5 33 
57.3 % 4.1 % 38.6 % 

46 2.4 33 
56.5 % 3.0 % 40.5 % 

Pb 
TS 

73.4 

55 

70.9 

69.S 

68 

57 

92. 1 

78.8 

67.7 

86.4 

"' 
87.8 

803 

85.5 

8 1.4 
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(16-21)8 

(21-26) 8 

(26-36) 8 

(36-46) 8 

(46-56) 8 

(56-66) 8 

(66-76)8 

(76-86) 8 

(86-96) 8 

Core 7 

(0-2) 7 

(2-4) 7 

(4-6) 7 

(6- 11 )7 

(11 -16) 7 

(16-21) 7 

(21-26)7 

(26-30) 7 

389 
69.6% 

393 
69.7% 

417 
70.1 % 

"" 70.4 % 

378 
73% 

124 
44.1 % 

123 
47.8% 

30 
5.4 % 

28 
5% 

31 
5.2% 

32 
5.6% 

29 
5.6% 

18 
6.4 % 

'" 7.8% 

164 71 

47.4 % 20.5 % 

140 
25% 

143 
25 .3 % 

147 
24.7 % 

i37 
24 % 

III 
2\.4 % 

139 
49.S % 

114 
44.4 % 

III 

32.1 % 

ISO 70 112 
45.2 % 21. 1 % 33.7 % 

250 
68.7% 

231 
65.6 % 

217 
64.6 % 

213 
59.2% 

208 
65.4 % 

"'" 61.0 % 

201 
59.8% 

228 
63% 

19 
5.2% 

17 
4.8 % 

18 
5.3% 

16 
4.4 % 

16 
5.0% 

15 
4.6% 

19 
5.7% 

2S 
6.9% 

95 
26.1 % 

1'" 
29.6% 

101 
JO.I % 

131 
36.4% 

94 
29.6% 

113 
34.4% 

116 
34.5% 

109 
30.1 % 

TS = TOIIII Sum-

559 

'" 
595 

571 

518 

281 

257 

346 

332 

364 

352 

336 

360 

318 

32S 

336 

362 

3359 
6.3% 

3488 
6.4 % 

3475 
6.4% 

3024 
5.9% 

3498 
8.0% 

1"'" 
3.2% 

1141 
2.4% 

1298 

2.5 % 

1J371 
4.4 % 

3557 
9% 

3442 
8.5 % 

3901 
9.8 % 

3228 
7.4 % 

3114 
8.2% 

2681 
7.6 % 

2169 
5.5 % 

1680 
4.2% 

1219 
2.3% 

827 
1.5% 

1023 
1.9 % 

1836 
3.6% 

2480 
5.7% 

4004 
8.5 % 

5319 
11 % 

10353 

2(/.3 % 

9674 
2(/.2% 

527 
1.3 % 

465 
L2 % 

342 
0.9 % 

302 
0.7 % 

468 
1.2 % 

406 
1.1 % 

1046 
2.7% 

11169 
2.7% 

48531 
91.4 % 

50301 
92.1 % 

49575 
91.7 % 

46341 
90.5% 

37502 
86.3 % 

41387 
88.3% 

41934 
86.6% 

39368 

n.2 % 

36057 
75.4 % 

35478 
89.7% 

36551 
90.3% 

35622 
89.3% 

40210 
91.9% 

34303 
90.6 % 

32284 
91.3% 

35856 
91.8 % 

36953 
93.1 % 

53109 

"'"16 

54Q73 

51201 

43480 

46874 

48394 

51019 

47016 

39562 

""" 
39868 

43740 

37885 

35371 

39071 

39702 

2.5 
10 % 

2.5 
10 % 

20.0 
80% 

2.7 2.0 18.3 
11.7 % 8.7% 79.6 % 

2.5 2.1 17. 1 
ILS% 9.7 % 78.8% 

2.9 3.5 17.2 
12.3 % 14.8 % 72.9 % 

5.2 5.7 16. 1 
19.3 % 21.1 % 59.6 % 

0.8 2.9 14.1 
4.5 % 16.3 % 79.2 % 

7.7 8.0 20.1 
21.5 % 22.3 % 56.2 % 

1.8 

7.9 % 

5.3 15.8 

23.1% 69.0 % 

1.9 5.9 14.3 
8.6 % 26.7 % 64.7 % 

3.7 2.0 15.0 
17.9 % 9.7 % 72.4 % 

3.2 1.3 13.6 
17.7 % 7.2 % 75 .1 % 

3.2 1.2 13.7 
17.7% 6.6% 75.7% 

2.8 1.1 15.0 
14.8 % 5.8 % 79.4 % 

2.6 1.2 11.9 
16.6 % 7.6 % 75.8 % 

2.6 l.l 10.5 
18.3 % 7.8 % 73.9 % 

2.3 1.9 11.7 
14.5% 11.9 % 73.6 % 

2.2 2.2 12.0 
13.4 % 13.4 % 73.2 % 

25 

23 

21.7 

23.6 

:li 

17.8 

35.8 

22.9 

22.1 

ID.7 

18.1 

18.1 

18.9 

15.7 

14.2 

15.9 
3 

16.4 

10.6 
16 % 

5.7 50 
8.6 % 75.4 % 

10.1 6.7 54 
14.2 % 9.5 % 76.3 % 

9.7 3.8 65 
12.4 % 4.8 % 82.8 % 

9.6 3.9 62 
12.7% 5.2% 82.1 % 

42.1 2.0 56 
17.3 % 2.8 % 79.9 % 

7.3 6.2 61 
9.8 % 8.3 % 81.9 % 

6.8 7.7 65 
8.5 % 9.7 % 81.8 % 

7. 1 

8.9% 

7.8 

9.8% 

65 

81.3 % 

7.6 8.2 57 
10.4 % 11.3 % 78.3 % 

10.9 2.0 44 
19.2 % 3.5 % n.3 % 

11.5 2.0 48 
18.7% 3.3% 78% 

11.9 2.0 48 
19.2 % 3.2 % n.6 % 

9.9 2.0 47 
16.8 % 3.4 % 79.8 % 

9.6 2.0 46 
16.7 % 3.5 % 19.8 % 

10.7 2.0 45 
18.5 % 3.5% 78% 

10.3 2.0 45 
18.0 % 3.5 % 78.5 % 

12.2 2.0 48 
19.6 % 3.2 % 77.2 % 

66.3 

70.8 

78.5 

75.S 

70.1 

14.5 

79.5 

79.9 

72.8 

56.9 

61.5 

61.9 

58.9 

57.6 

57.7 

57.3 

62.2 

4S 1.9 26 
61.7 % 2.6 % 35.7 % 

36 1.8 25 
57.3 % 2.9 % 39.8 % 

35 1.7 23 
58.6 % 2.9 % 38.S % 

31 2.3 25 
53.2 % 3.9 % 42.9 % 

33 2.4 26 
53.8 % 3.9 % 42.3 % 

27 2.7 32 
43.8 % 4.4 % 51.8 % 

29 
47% 

3.7 
6 % 

29 
47 % 

29 4.2 32 
44.5 % 6.4% 49. 1 % 

42 4.5 32 
53.5 % 5.7 % 40.8 % 

42 1.5 40 
50.3 % 1.8 % 47.9 % 

60 1.4 34 
62.9 % 1.5 % 35.6 % 

39 1.4 37 
50.4 % 1.8 % 47.8 % 

34 1.7 35 
48.1 % 2.4% 49.5 % 

33 L2 37 
46.3 % 1.7 % 52 % 

30 L2 34 
46 % 1.8% 52.2% 

33 1.4 36 
46.9% 2% 51.1 % 

40 1.6 35 
52.2 % 2.1 % 45.7% 

72.9 

62.8 

59.7 

58.3 

61.4 

61.7 

61.7 

65,2 

78.5 

83.5 

95.4 

77.4 

70.7 

71.2 

65.2 

70.4 

76.6 
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H. EL GHOBARY. C. LATOUCHE 

Howcvcr, with establishing rcducing conditions, Fe solubili
ution under an atmosphere of HzS is expected and Fe is 
precipitalcd as FeSl and FeS. 
The total Fe content in the two cores docs not demonstrate 
any depth depe nde ncy (Fig. 5). This indicates a detntsl 
origin for the Fe. However, dissolution and diagenetic 
transformat ion of Fe-associations to the sulfide form is 
evide nt. This phenomenon does not cha nge the total Fe 
vertical distribution in the sediments, but it affects the 
parti tion pattern of Fe with the different phases of the 
sedimcnts. 

Copper 

ln the surface sediments, Cu in the HzÛl fraction (4.5-
11.9 %) is lower in order of magnitude than Cu in the 
reducible fraction (9.1-18.1 %). In spite oft hat it represents 
the highest percentage relat ive to the other metals , extract
ed by the H20 2 treatment. Residual Cu fraction varies 
bc tween 73.4-86.4 % (Table 2). Gupta and Chen (1975) 
found out that 12-32 % of the total Cu is non-residua l and 
90 % of the non-residual Cu is associated with nodular and 
non· nodular hydrogenous fraction. 
ln core 8, Cu in the reducible fraction decreases with dept h 
(34.9-4.5 %) except for the two inlervals (46-56 ; 66-76 cm). 
I! is possible that in these two intervals, a fraction of the acid 
soluble sulfides was dissolved in this leach. Cu in the 
oxidiuble fraction incrcascs generally with deplh (8.7· 
26.7%). The residual Cu fraction varies between 48.1· 
80 %. The rcsidual Cu % deereascs in the intervals bctween 
2·1 1 cm and deereascs variably al the bottom of the core. 
T he decrease bctween 2- 11 cm is the result of the high 
absolute value of the leachable Cu in thesc levels and not 
the re5ult of the decreasc of the absolute residual Cu value. 
These data ean bc an evidence of migration of Cu 10 the 
surface sediments. However, the greal dirrerenee bctween 
the Cu content bclow and above an Il cm level, makes one 
assume that a source of Cu pollution is also possible; the 
relative decreasc of residual Cu at the bollom of the core 
parallcl to the increasc of Cu in the H10Z fraction, indicates 
the mobilization of Ihe residual Cu to the sulfide form. 
ln core 7, Cu in the reducible frac tion shows a Irend 
deereasing wilh dept h (18.3·13.4 %). Cu in the H20 2 
fra ction decreases with depth follo ..... ed by an increase of Cu 
al the bouom of the core (5.8· 13.4 %). The residual Cu 
varies between 72.4-79.4 % (Table 2). 

Nick~l 

ln the surface sedimenls. Ni extracted by the reducible 
fraction reprcsents 13.8-27 % of the IOtal Ni while Ni 
Icached by the Hl0 2 fraction represcnts only 3.7·6.6 %. A 
high pcrcentage of Ihe Ni is associated with the residual 
(crystalline) fraction (66.4-81.2 %) (Table 2). Gupta and 
Che n (1975) showed that in nearshore sediments 37 % of 
the tOlal Ni is non·residual and most of the non-residual Ni 
is extracted by the hydroxyla mine leach. This result is 
similar to that obtained in this study and confirms that a 
large fraction of Ni is removed by the scavenging action of 
Fe and Mn oxides (hydroxides). 
ln corc 8, Ihe highest pereentage of Ni in the reducible 
fra ction is reported at the top orthe core (22.1·8.5 %). The 
data indicate the change of Ni association with oxides. with 
increasing depth. Ni emacled by 1-110 1 (2.8-11.3%) is 
generally lower than Ni leached by the hydroxylamine 
treatment except for the intervals bctween 66-96 cm whieh 
could bc the Teason for Ni transformation to the sulfide 
form. Residual Ni varies bctween 68.8-82.8 % of the tOlal. 
Il increascs slightly with deplh indieating the transformation 
of fraction of Ni to more resislant form. Nissenbaum (1972) 
reponcd on one core in Okhotsh Sea, ..... here Ni Icachcd 
with acetic acid reduccd in the lo ..... er zone of the core and a 
eorresponding incrcasc appears in the residual fraction. 
ln core 7, Ni in thc reducible fraction varies bctween 19.6-
16.7 % of the to tal Ni. In the hydrogen pcroxide fraction it 

,,. 

docs not show any variation (3.2·3.5 %). The residual Ni 
reprcscnts 77.2·79.8 % of the total. The total Ni content 
along the entire length o f the two cores does nOI sllow a 
tendency of gradie nt . Il is evident that the venical distribu· 
tion of Ni mainly depends on ilS detrital contributions in the 
sediments and the changes of Ni associations with depth 
does not demonstrate any vertical migrat ion. 

Le,d 

ln the surface sediments, Pb in the reducible fraction 
represents an impon ant fraction of the 10lal Pb (52. 
61.8 %). Inverscly. Pb leached by the HP! trealment 
represents only small fraction of the total Pb (1.5·3.6 %). 
Thc residual Pb varics bctween 36.7-45.5 % (Table 2). 
Gupta and Chen (1975) staled that in near·shore sediments 
52·65 % o f the tOlal Pb is a non·residual Pb. Chester and 
Stoner (1975) round that an average 68 % of the total Pb is 
leaehed with thc hydroxylamine hydroehloride acetic acid 
from the lower Severn Estuary and Bristol Channel. Il 
appears from a1l these resu lts Ihat the scavenging of trace 
metals especially Pb . by hydrous oxides of Fe and Mn 
appears to he imponant in their retention by near-shore 
sediments (Grieve. Fletcher. 1976). 
ln core 8. Pb pereenlage in the reducible fraction (43.8-
61.5 %) does not represenl a trend with depth. However, 
the absolute Pb in v-glgm in Ihis fraction sho ..... s a gradie nt 
decrease wi th dcpth. Pb in the H20 Z fraction is much lowe r 
(1.8-6.4 %) in comparison with Pb in the reducible fraclion 
along the enlire length of the core and reaches its highest 
value at the bottom o f the core. Residual Pb % docs not 
show a trcnd with depth (35.3·52.6 %). 
ln core 7, Pb in the reducible fraction (62.9-46 %) shows the 
same pallcrn as Pb in the same fraction of core 8. In the 
H20 Z fraction Pb reprcscnts a small fraction of the to tal 
(1.5·2.4 %) and the residual Pb varies bctween 35.6-52.2 % 
(Table 2). 
Il appears from the data of the three fractions along the 
cores, Ihal the enrichmenl of Pb at the top of the cores 
cannOI bc cxplaincd by the di»olution and upward migm
tion of Pb as in Ihe case of Mn. Indeed, the enrichment of 
Pb at the IOp of Ihe cores do not follow the same pattern as 
that of Mn. It is more Iikely that the enrichment of Pb is the 
result of high Pb flux. Skci and Paus (1979) in a Norwegian 
fjord stated that the enrich menl o f Pb at the su rface layer is 
assumed 10 bc mainly the result of mining, while Mn is 
apparently enriched in the su rface due tO migration of 
dissoh·ed Mn and precipitation in the oxide surface layer. 
Chow n al. (1973). Thomson el al. (1975) stated that Ihe 
enrichment of Pb in near-shore and coastal sediments is the 
result of pollution. Thus according to previolls slUdies and 
Pb panition pallerns in the two cores. it is clear that Pb 
enrichment in the surface sediments is the result of high 
anthropogenic Pb flux during the last deeades. Unfortuna· 
te ly we have no data on sediment accumulation rates to 
estimate quantilatively the anthropogenic Pb flux . 

Truce meltl] bchavlour ln the "arlou5 partkulale rruetlons 

After having discusscd the parti t ioning of each trace metal. 
.....e shall now consider the metal relationship in Ihe three 
different fractions ; some of them may show a diffcrent 
meta] bchaviour before and after bunal. Linear correlation 
coefficients ( r) were calculated for 10 surface samples and 
14 core 8 samplcs at 5 % signifieant level. 

flydroxylamÎlle hydrochloride fraction 

There exisls a good reliltionship bctween soluble Fe and Mn 
in this fraction in the surface and core sediments. In the 
surface sediments Fe and Mn correlate only with pb and in 
the core sediments Fe and Mn eorrelate with most metsl 
fract ions in Ihis Ireatment and most of the metal rractions 
correlate among them. 
Fe in this fraction corrclalcs with fraction < 2 v-m and AI 
percentagc in the supcrfieial sediments. Thesc relationships 



imply that Fe exists in the rorm of oxide coating the fi ne 
panicles and espccially in clay minerais (Carroll , 1958) , 
Nevenheless, the opposite relationship bctween Fe , in this 
fraction with AI % and the absence of relationship bctween 
Fe in this fraction with fraction < 2 ~m in the core 
sediments confirm the idea of oxide dissolutions under 
reducing condit ions. ft appears that Mn-Fe oxyhydroxides 
arc the main source of metals in this fraction in the 
superficial sediments with a carbonate minor contribution. 
Trace metals arc scavenged or reacting with Fe- Mn oxyhy
droxides (Goldberg, 1954 ; Jenne , 1968 and Hem, 1977). 
According to previous studies (Gupta, Chen , 1975 ; Bran
non ~I al., 1977 ; Gibbs, lm ; Bcn ra nd , 1980 ; Tessie r el 

al., 1980) metals - especially those concemed in the 
present work - in the exchangeable sites arc negligible in 
comparison with the other metal fractions. 
The negative correlation exists between Fe extracted by this 
fraction and Fe in the pcroxide fraction in the core 
sediments. Inverscly , the positive correlation bctween both 
Fe fractions in the supcrficial sediments suggests the dissolu
tion of Fe oxyhydroxides with increasing depth (under 
reduccd conditions) and the formation of Fe-sulfides. 
Fe. Mn , Ni and Pb in Ihis frac tion have opposite re lation
ships with the total sulfur in the core sediments. These 
relationships show clearly that the increasc of the total 
sulfur (sulfides) with increasing depth of bunal (duc to the 
reduccd conditions) is the direct reasan for decreasing metal 
associations with the oxide phase. 

Ilydrogen peroxide fraction 

ln the supcrficial sediments Cu and Fe corre late with 
orga nic carbon and no relationship ex ists between these 
metals (in this fract ion) and the total sulfur. This indicates 
that the meta l oxidizable fractions arc mainly associated 
with the organic matter due to the relative oxidation state of 
the supcrficial sediments. However, in the core sediments, 
Mn , Fe and Pb , in this fraction . are correlated with both 
organie earbon and surfur. This indica lc~ the importance of 
organic matter and sulfides as controlling factors for the 
three metal fractions. Indeed, wc bclieve that o rganie 
matter is the mai n contro lling factor in this fraction at the 
top of the core and in the surface sediments. The physieal 
processes cspccially the tide cycles and to a lesser extent the 
biologica l processcs (bioturbation causing irrigation and 
ve ntilation) change cOnlinually the redox conditions in the 
supcrficial sediments. Thercfofe, they reduce the effeet of 
the anae robic bacterial decomposit ion of organie matter by 
the oxidation of sulfides and can reducc the rate of 
anaerobic bacterial activity where oxygen becomes availa
bic. In lact, Fe oxyhydroxides and Fe organic-sulfide fOfm 
data, togethcr with the low tOtal sulfur content at the top of 
the cores suggest the imponance of the physieal and 
biologiea l processcs mentioncd above. However, the forma
tion of metal sulfides is morc evident at the bollom of the 
core (Ihere is eve n a net increase of organic carbon at the 
bollom). Ni correlates only with o rganie ca rbon in the core 
sediments. However. the increasc of the Ni in this (raction 
al the bottom of the core scems to bc duc to sulfide 
formations. Cu in this fract ion docs not demonstrate any 
relationship with both organie ca rbon and sulfur, in the core 
sediments. 
Fe and Mn have a relationship with both AI % and fraction 
< 2 v.m in the supcrficial sediments. This rclationship shows 
the existcnce of the metal pcroxide lraction in association 
with the fine panicles in the supcrfieial sediments, caused by 
the presence of organic matle r in the fine fraction of the 
sediments (organic carbon correlates with fraction < 2 ~m). 
In the sUJX! rficial sediments most of the metal oxid izable 
fraelions arc in rclationship with Fe fraction in the samc 
treat ment . "Iowever, in the core sediments ail the metal 
1-1 20 2 fractions correlate wit h Pb in the sa me fraction . 

Rel';(lIwl frac/ion 

ln the surface sediments, the residual Mn, Cu and Ni 

127 

METAL PARTITIONING OF SEDIMENTS FROM A BAY 

correlate with each othe r and with both the fraction < 2 v.m 
and AI %. These rdationships demonstrate the association 
of the three metals in the lanice of silicate minerais 
especially with clay minerais. The residual Fe corre late with 
both residual Ni and residual Pb. In the core sediments the 
residual Mn and Fe correlate togethe r. The residual Mn , Fe 
and Ni eorrclate posit ivcly with AI %. This indicates the 
associations of the three metals in the lanice of the silicate 
minerais. Neven he less, Al % correlates negativcly with the 
reduciblc fractions of the three metals mc ntioned above. 
These re lationships demonstrate the differe nt modes of 
metal associations in the sed iments on the one hand and that 
the hydroxylamine docs not aUect the silicate structure 
(Chester, Hughes. 1967) on the other hand. 

GENE RAL STATEMENTS AND CONCLUS IONS 

The study is concerned with metal panition patterns in the 
surface sediments and the change of these panition patterns 
aftcr burial as a result of carly diagenesis and pollution in 
the tidal nats of the Marennes Olcron Bay. 

ln tM surface sediments 

The metal fraction extracted by the hydroxyla mine tTeat
ment represents the main mobile fraction at the surface 
sediments. The mobility of metals in Ihis fraction decreased 
in the order of Mn > Pb > Ni > Cu > Fe . It appcars from 
the result of Ihis fraction, in the supcrficia l sediments, that 
Fe and Mn oxides arc the main factors governing the 
available fract ion of trace metals. Fe and Mn oxides can bc a 
surface coating the panicles during the te rrige nous Irans
ponalion and they can alsa be in Situ, precipitated hydroxi
des of both metals. 
The sulfidc organic melal fraction is relatively small and the 
mctal fraction in the treatment is mainly assocÎated with 
organk mauer. The mObility of metal in it decreascd in the 
order of Cu > Ni > Mn > Pb > Fe . More Ihan 50 % of 
Fe, Cu and Ni exists in the residual fraction. Inversely. Mn 
and Pb represent less than 50 % in Ihis fraction. 

M'Icr hurlai 

The metal panition patterns arc changcd. It appears that 
these changes are in relat ion wit h oxidation-reduction state 
of the tidal flat sediments and with time. The tide cycles play 
alsa an impon ant role for the alternative oxidation and 
reduction of the superficial layer of the sediments. The 
metal reduciblc fractio n decreased with increasi ng dcpth of 
burial. The dissolution of oxides (or hydroxides) under 
reducing conditions leads 10 th is decrca.sc. However. when 
establishing the reduced conditions, metal-sultides arc 
fo rmed in the boltom of the core and represe nt an inerease 
in the 1-1 20 2 fractions lor ail the metals studicd. 
Mobile Mn in the bollom of core 8 appcars tO be cont rolled 
by ca rbonates and sulfides. Nonetheless, Mn enrichment at 
the surface sediments is the result of Mn soJubilization and 
upward migration. On the contrary , Pb surface enrichmcnt 
Is appa rent ly duc to high pb anthropogenie nux during the 
last decades. Cu may make apparent bot h phenomena at the 
top of core 8. 
The dccrease of Fe and Cu residual fractions at the bouom 
of corc 8 is considered as a diage nelic reaetion. Fe and Ni 
contents arc mainly governcd by delrital contribution : 
diagenelic reaetions change on ly their panitions and not 
their total content in the sediments. 
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