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Early Diagenetic Processes of Redox Sensitive Elements in Yangtze Estuary
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Abstract The major factors that govern the vertical distributions of redox sensitive elements (Fe, Mn, U and Mo) in intersti-
tial water are studied by analyzing the measurement of concentrations of Fe, Mn, U and Mo in pore water and sediments in
Yangize estuary, combining with the early diagenesis model and geochemical thermodynamic analysis The benthic fluxes of
Fe. Mn U and Mo have been calculated according to the Fick s first law. The results show that the concentrations of Fe, M
U and Mo in interstitial water in Yangtze Estuary sediments range from 0. 8 to 106 #mol/ I, 14. 8 to 258 #mol/ L, 1.9 to
14.4 nmol/ L and 60 to 546 nmol/ I, respectively. The maximum of interstitial Fe>?" and Mn?" have been observed at 5 ¢cm or
10 cm in the vertical profiles respectively. The interstitial iron and manganese profiles are mainly controlled by early diagenetic
processes in Y angtze Estuary sediments. Adsorption process has great effect on the distribution of interstitial Fe>™ and M n?>*.
The greater the adsorption coefficients are, the less the concentrations of interstitial F&" and Mn?" are. The vertical distribu-
tions of interstitial uranium are mainly controlled by iron. However there is no correlation between Mo and Fe or Mn. The
calculated diffusive fluxes of Fe, Mn, U and Mo range from 3 to 10. 5#mol * (m* = d) ', 35.7 to 439. 5#mol * (m* * ) ',
—2.3t00.2nmol * (m? ° d) ! and —36 to 94. 6nmol ° (m? * d)" !, respectively. The ratio of authigenic uranium to total ura-
nium ranges from 6% to 67%.
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Table 1 Interstitial water sampling stations and the chemical characteristic of overlying w ater
CE) @\ (m)
Fe(™mol° L~ 1) Mn(®*mol ® L™ 1) UCnmol * L™ 1 Mo(nmol * L™ 1) pH
619 122. 41 30. 81 26 0. 34 0.18 8. 46 79.6 7.82
900 122. 57 30. 38 20 0.18 0.18 8.03 73.3 7.89
1117 122. 69 30. 01 24 0.18 0.18 8. 82 89. 6 7.86
2 Slomp
Table 2 Fixed parameters used in Slomp s model
D. D, w Ko G Cuy
L] (m) -
(1075m2 = d™1)  (1076m2 *d™D (10 m = d D d=b ("mol °* m—3) (*mol ° m™3)
619 X 10~* 2. 14 9.96 9.6 0. 67 1 1 1.8 40
Mn 900 X 10~* 2. 14 9.96 9.6 0. 67 1 1 1.8 17
1117 X 10~* 2. 14 9.96 9.6 0. 67 1 1 1.8 20
619 5X 1073 2. 14 9.96 9.6 0. 67 10 1 3.4 20
Fe 900 5X 1073 2. 14 9.96 9.6 0. 67 10 1 2.3 20
1117 5X 1073 2. 14 9.96 9.6 0. 67 10 1 1.8 5
H202) ( 3 mol/L HCID), (1997); w (2007 ); Ds
Boudreau (1997 ); Dy . Dy=15.Tw"¢
(Boudreau, 1994) s Go s Cog
1.3 .
Slomp et al. (1997) , ;
Berg et al. (1998) ,
s Fe. Mn
Slomp 2 2
Fe.Mn (Boudreau,
1996; Soetaert et al'. , 1996; Canavan et al., 2.1 Fe.Mn
2007; Morse and Eldridge, 2007), Fe.Mn 7. ’
’ Mn 2
’ ( ):
i 0~5em( 10 cm), , ;
i o
[(1+Ks)Db+Ds] ’2x2 w(1+K5) ’) . N ’
C (x
Kux ><CI:()9 (1) ’
’)ZC 7C M n2+
oCn ACn
K.(Ci—Ce)+ 8K (Si—8:) =0, ) Gao et al., 2007; Roychoudhury, 2007).
(1)~<2) K:‘. 7Db 3 ? Fez+ ’
,D. yKioKa , K. . 900 . 0~
, @ , G , Ci. 5cm) Fe?" (<5 Pmol/L) ,
Gi . Ca JFe’ 17,
. X Y Fe’' ( )
Fe.Mn . s
(Slomp et al., 1997). .619 . Fe®'
2. Ko, Ks Slomp et al. , 17,~18 em Fe’ ,
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Fig.2 Observed and fitted curves of interstitial iron and manganese in Yangtze estuary
) . Fez+ 3 Berg
, Mn2" Fe?" Table 3 Statistical parameters in Berg s model
619 900 1117
Mn Fe . _ _ _
M’ " ol m=? » 1) 1.5 4.6 33.6
n N 1 L6X107* 6.6X107%  4.85X10°
2
( 2)9 Fe 2 LLOX10 5 —2.0<10 % —1.45< 103
, Fe' 3 - 2.0410°°  —5.00< 10 °
Fe2' = L7X107*%  4.8X107*%  3.36X10°
¢ . /R 0.89 0. 88 0.99
2
Fe 1.2.3  Berg
2+
Berg Mn Mn ’ 2
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Slomp , Mn
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Fig.3 Interstitial profiles of U, Mo, Eh and pH in Yangtze estuary
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Fig. 4 Vertical distributions of Fe, Mn, U and clay in Y angtze estuary sediments
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Table 4 Diffusion fluxes of Fe Mn, U and Mo in Yangtze estuary and other areas
Fe Mn U Mo
“mol°m~2°d™ D  (Mmol°m2°d 1) (amol°m 2°d" 1) (amol°m 2°d 1)
619 10.5 35.7 0.2 94.6
900 3.0 155.3 —1.2 20. 8
1117 6.8 439.5 —2.3 —36.0
Mexican continental shelf 3.0~86.0 8.7~69.9 a
Gotland deep 184.3 64 b
Hingham bay 30~ 826 90 ~ 2477 c
Laurentian trough 21~571 123~3377 d
Barbara basin 52~ 1426 356~ 9757 e
a. Sawlan and M urray, 1983; b. Brugmann et al., 1998; c. Morford etal., 2007; d. Sundby et
al., 2004; e. Zheng et al., 2002.
5
Table 5 Authigenic uranium concentrations in Y angtze estuary sediments
(em) U (Mg =g 1) U U (% (em) U (Mg g™ 1) U U %
17~ 18 4.16 38 0~1 1. 60 20
619 20~ 21 5.17 43 2~3 5.31 44
23~24 8. 11 54 4~5 6. 41 49
29~30 2.93 29 6~17 107 59
12~13 1.35 17 8~9 11. 36 63
14~15 1.92 21 1117 10~11 12.38 65
17~ 18 8.90 56 13~ 14 14.76 67
900 20~ 21 1. 69 19 16~17 7.34 52
23~24 52 06 19~20 180 60
26~ 27 2. 66 27 22~23 4.89 41
29~30 76 10 24~ 25 15. 89 69
32~33 4.07 37 30~31 11. 87 62
(Sundby et al., 1986). 3 M .M LAl
3.5 U Fe.Mn.U Al M VAl
U 2~23Mg/g ) .Fe.Mn. Al
6.5 ~ 16. 3 Pg/¢g , U 5%
(2.5 g/ g)(Wedepohl, 1995) B. 7t 0.11%. 8. 6% 4 ttg/g (Koshikawa et al.,
g). U/Al U ; 2007). : (40 em
) 619 1117 ) Fe.Mn ,
5.
’ 5 s 6% ~67%.
’ 619.900 1117 ,
( , 1984).
Fe
’ 4
D) Fe’ .Mn” ,
M =M —Al XM /Al , 5
Fe.Mn sMn . Fe
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