Isotopic composition of sedimentary Fe as tracer of Arctic Ocean
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Introduction Sampling sites

—

e N o Figure 1. Seven sediment box-cores

Iron is both an essential micronutrient for primary production in the \&L =~ from the AO were analyzed for this
ocean and a key redox element providing insights on organic matter ~ — A study. Cores UTNS, 52 and CG1 were
taboli t th fl tl | A collected on the shelf at water depths
metanolism a e Sea 1100f. Fe(lll), — Fe(ll) g R’ : g, oo i of 51, 52 and 204 m, respectively,

—Sources and sinks of Fe remain nevertheless poorly documented in \Jl e e cores SS3 and CG2 on the slope at

the open ocean. . depths of 274 and 619 m, respectively,
FeSy W (Macdonald of al, 2011 and cores S11 and S26 from the AO in-

_ _ _ _ Cores of the [ shelf (<204m)|the [slope(274-619m)| and the [[basin (52265m)| terior at depths of 2265 m and 3130 m,
Recent studies highlighted that coastal sediments could be an e

Important source of dissolved Fe in the water column, particularly in
oxygen-minimum zones or euxinic basins (Scholz et al., 2014)

(Lyons et al., 2006)

Method

The continental margin in the Arctic Ocean (AO) comprises about 50% of the total area | = | | |
of this ocean. The AO is therefore an exceptional laboratory to investigate shelf-basin Ferow was obtained after a complete digestion of the sediment with a mixture of
HNO3;, HCIO, and HF. Fereaciive Was extracted from the sediments with a 1 M HCI solu-

Interactions and their ImpaCtS on blogeochemlcal Cycles. - tion during 24 h. We assume that a diluted HCI solution removes a very minor portion
Shelt - of Fe from silicate minerals but solubilizes quantitatively Fe oxyhydroxydes and Fe
e asin

Here, we have determined the profiles of the concentrations and isotopic compositions = BRI monosulfide. Fepy:i is operationally defined as the residual Fe left over after having
of total Fe (FeTotaI), reactive Fe (FeReactive) and pyrite Fe (FePyrite) in sediment cores = successively extracted the sediments with HCl and HF (Lord, 1982).
collected in AO shelf, slope and basin. (Macdonald et Gobeil, 2011)

Fe concentrations were determined with an ICP-AES, while isotopic measurements
were achieved with an HR-MC-ICP-MS following purification through a standard anion
exchange protocol (Bio Rad AG1 X4; Beard et al. (1999)). The average reproducibility
Our objective is to improve understanding of the influence of sediment diagenesis on the AO Fe cycle. of the measurements, determined by triplicate analyses of each sample, was +0.06%.
5°°Fe obtained for BHVO-2 standard (0.14 + 0.05%0) was in good agreement with the
value found in the literature (0.114 £ 0.011%o) (Craddock P.R. and N. Dauphas, 2010).
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[Fe.] Fe /Al [Fe,] [Fepy] §Fe,  5Fey  "Fe, 5 Fegpy F

(mg g”) (mg g-17) (mg g-17) (34o) (%) ) (%) eT
OU 2.0.. 4.0 6.0 0.0 _U’.S 0 _1.0 2.0 3.0 0‘1| 2 3 4 5 1 [.]_ - P 1 0 1 0 . Fe
e | s |ls i Y Wi | ] 0 - 0.18 £ 0,11 R
3 ! 3 LR e ] & = 46 0.12+0.25
R TR E I BEE § e AN 3 (n = 46) -0.12 £ 0. FePY :
N S R A I A (n = 46) . -
: : : '068 t 052 . 40 - 8 B a

(n = 25)

Spatial trend of.the [Fe]

Fe;

g e
o

é%

[&)

(p<0.001)

o
a

Shelf
(51-204 m)

337 49+8 50+6

O 1  Shelf Slope Basin
O

856Fe (%o )
o
o

O
&

O

o
an
1

v}

. Shelf Slope
g 1.4+11 10=+3 19+7
n=33

g B

Slope
(274-619 m)

Si—

Figure 2. Graphic illustrating differences between 5°°Ferota), m
Basin 656F9Reactive and 656F9Pyrite

(2265-3130 m)

Figure 4. Spatial variations of Fe concentrations between shelf,
slope and basin sediments

Key points:

Spatial trend of the 6°%Fe
Fereacve IS enriched in light isotopes | P - |

R, el | (5°°FeRreactive = —0.12 + 0.25%0; N=46) compared
igure 1. Vertical profiles o e concentrations of Ferota, FeRreactive an t 56 _ 0/ .+ ]
0 Ferotal (0°°Ferora = +0.18 + 0.11%0; n=49), but I PR S S

Fepyiite and of the Ferqa/Al ratio in the sediments. Empty symbols repre- . : : : = qu . -1l 2
sent values below detection limit (~0.1 mg g-1 for Fepyi.). Vertical pro- dep eted In “ght 'SOtOpeS relative to Fepyrite oo s i (p<0.05) D
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= — i — - | S i -1,0 4 e Slope asin

files of 5°°Ferotal, 8° FeRreactive aNd 8°°Fepyyite in the sediments, where 5°°Fe (0" Fepyrite =—0.68+0.52%0; N=25); Sr | Sope | B of shelr _0; i.c»o)_30 e

' I - n=22) | (n=12) | (n=15) n=12

= [(*°Fe/**Fe)samplc /(*°Fe/**Fe)irum.14 — 1] x 10° . Early diagenetic processes produced Fe authi- A - | =
genic phases (oxyhydroxides, pyrite) that are A

enriched in **Fe. -
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. The profiles of Fetqt and the Ferya/Al ratios indicate that gas |
slope and basin sediments are enriched in Fe relative to R T s | Siops | asi
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slope and basin sediments is due to the higher presence —_Bosin {ounic), Back S (Soverran of /2008 : g = %8 B8 &7

e——— N argin, South Africa (Homosky ef al. 2013) Reactive - - - - 56 .
— Santa Barbara Bay (Severmann et a. 2006) Figure 5. Spatial variations of 5"Fe between shelf, slope and basin

Of Fe Oxyhyd rOXI d eS . === Terrestrial igneous rocks (Beard et al. 2003) r—Baltic Sea (Fehr et al. 2010) . . .
=== \onterey Canyon (Severmann ef al. 2006) Baltic Sea (Fehr o al. 2008) sedlments_ FeHR IS deflned as FeReactive o= FePyrite-

. F e Pynte i S O n Iy a b U n d a nt i n S h e If Sed i m e n tS ( U T N 5 y S 2 —_Mcﬁistir?:agng::ﬂir?gtﬁ ffjcrfyit 2l 2009) Margin, Califomia (Severmann et al. 2006)

Margin, Perou (Scholz et al. 2014) Arctic Ocean (Our study)

and CG1) where it increases with depth below the sedi- Shefl (crygeneted) Black Sea (Severmamn 2008

. . . === Arcfic Ocean (Meinhardt ef a/. 2016) Key pOi nts :
ment-water interface, reflecting an organic carbon metab- R |
olism coupled to sulfate reduction. e, The concentrations of Fergta, F€reacive and Feyr are

. 8°°Fery Values are always positive (>0%o), while some of ————— BatSea v et L 010 higher in slope and basin sediments than in shelf

Arctic Ocean (Our study)

the 8°°FeRreaciive and most of the 8> °Fep, are negative. —— Pt S v o 20 sediments.

Shelf, Black Sea (Severmann 2008)

= [Margin, California (Severmann et al. 2006)

. In surface sediments of the slope cores, where high con- i o (vt 1 2010 . Values of 8°°Fero 8°°FeRreactive and 5°Feyr in basin

- 56 Actual sedimentary pyrite (Rouxel et al. 2015
centrations of Fereacive Were measured, the 0™ Fereactive | | sediments are significantly lower than in shelf and
values are slightly but significantly lower than at depth in slope sediments.

the cores.
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Figure 3. Comparison of the &°°Fe values obtained in this
project with published values. The results of the present
study are in the range of those measured in other continen-
tal margin sediments.

Concluding remarks Awknoledgments

Elevated concentrations of Fereactive and Feur in basin sediments and their light isotopic composition com-  Natural SCie”C_eS and Engineering Research Council of Can-
pared to those of shelf sediments are consistent with the notion that Fe recycled through early diagenesis f‘di (NISE.RC)’F cF)ORnr\?'? _Q;eg(?co('js ge Ifetchepr\chs Natgre e
In shelf sediments may migrate and be deposited in basin sediments. eCd Rofgl'jes ( or t 21 oal rar ,rt' atty, A. bensadoune
Sedimentary-derived Fe may be transported in the water column as nanoparticles, colloids or organic ang . -aperge or eenniea’ sUppo

complexes, as suggested in other studies (Scholz et al. 2016). References
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