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1. Introduction

On July 18, 1996, the Saguenay region was subjected to an exceptional meteorological event. Over the next two days, record rains were recorded which resulted in flash floods in the steep catchments and the transport of an estimated 15 million m3 of late-glacial deltaic fill sediments to the Saguenay fjord. The indigenous sediments in the North Arm of the fjord and the Baie des Ha! Ha! were buried under up to 50 cm of this flood material. Below we report our observations on the remobilization of Fe, Mn, As and Hg as a result of diagenetic processes following the deposition of the flood material. 

2. Sampling Protocol

Between 1996 and 2000, sediments were collected at up to eight stations but a minimum of three stations every summer: in the North Arm of the Saguenay Fjord (SAG-05), in the middle of the Baie des Ha! Ha! (SAG-09), and in the deepest part of the interior basin (SAG-30). Undisturbed sediment cores were obtained using a 0.06 m2 Ocean Instruments Mark II box corer. The cores were subsampled on deck at close intervals in a large glove box purged by a continuous flow of nitrogen to minimize sediment oxidation. Porewaters were extracted using modified Reeburgh-type squeezers (Reeburgh, 1967).

3. Results and Discussion

3.1 Steady-state and pre-flood conditions

The sediments, which accumulate under the normal sedimentation regime, consist of gray-black anoxic sandy (5-10%) muds with organic carbon concentrations (CORG) ranging from 0.5 to 3% (Smith and Walton, 1980). Dissolved oxygen is depleted a few millimeters below the sediment-water interface (L. Lefrançois, pers. comm.) and sulfate reducing conditions are encountered within the first two centimetres. Under steady-state conditions, such as those encountered at SAG-30, which received only a discontinuous film of the flood material and thus was unaffected by it, reactive (i.e., extractable by 1N HCl) Fe and Mn are accumulated in the thin layer of oxic sediments. The concentration of Fe and Mn oxyhydroxides near the sediment-water interface results from the reductive dissolution of authigenic and detrital oxides buried below the oxygen penetration zone and the diffusion of porewater Fe(II) and Mn(II) to the oxic zone where they are oxidized and precipitated as oxides. Porewater Fe(II) and Mn(II) concentrations increase with depth over the first 10-20 cm and decrease slowly as Fe is immobilized by precipitation of AVS and Mn is adsorbed by acid volatile sulphides (AVS) or co-precipitated with an authigenic carbonate (Saulnier and Mucci, 1999).

3.2 The flood material
The flood deposit was clearly visible in cores collected at SAG-05 and SAG-09 as a lighter brown-gray layer on the gray-black indigenous sediment. It is most easily differentiated from the indigenous sediment by its inorganic carbon content. The flood material contains up to 0.5% CINORG whereas it is almost undetectable in the normal Fjord sediment ((0.08%). 

3.3 The impact of the flood deposit on the mobility of Fe, Mn, As, and Hg.
 
Manganese remobilization was only slightly affected by the accumulation of the flood deposit. Authigenic manganese oxyhydroxides (i.e., MnHCl) present at the original sediment-water interface were reduced and most of the Mn(II) diffused freely to the newly established interface where it was oxidized and reprecipitated. Dissolved Mn (II) profiles show that it originates both from the former sediment-water interface and the flood material. In contrast, iron displays limited mobility. Following the reductive dissolution of oxides concentrated at the original sediment-water interface, Fe(II) was trapped as AVS under the sulfate-reducing conditions which were rapidly established. At SAG-05 and SAG-09, the sulfides are found immediately above and below the original interface.

Arsenic is reduced from As(V) to As(III) under suboxic conditions and forms a stable sulfide mineral under sulfidic conditions. In marine sediments, however, it usually co-precipitates with authigenic iron sulfides. Likewise, we observe that most of the arsenic, which was concentrated at the original interface by adsorption to the iron oxyhydroxides, appears to trapped by co-precipitation with the AVS thus limiting its diffusion through the flood deposit.


Mercury can be methylated and demethylated by abiotic and biological processes. Methyl-mercury, CH3Hg, is relatively soluble and the most toxic of the mercurials. Methyl-mercury and total mercury concentrations were measured on the porewaters and sediments recovered in 1999 and 2000 but we have records of total Hg concentrations in the solids since 1996. The vertical distributions of Hg in the sedimentary column indicate that Hg from the indigenous, contaminated sediments, much like arsenic, appears to be trapped with the AVS. CH3Hg profiles from the cores recovered at SAG-05 and SAG-09 display little accumulation of solid or porewater CH3Hg throughout the flood deposit with the exception of peaks within 5 cm of the sediment-water interface. We propose that both result from in-situ production of CH3Hg from labile Hg-rich particles brought down to the sub-oxic/anoxic zone by bioturbation. 
4. Conclusions

Manganese remobilization was affected only slightly by the deposition of the flood sediments, and much of the reducible manganese migrated to the newly established sediment-water interface where it was precipitated as oxides. In contrast, reactive iron, arsenic and mercury associated with the indigenous sediment were trapped close to the former sediment-water interface by the rapid onset of sulfate reduction and the precipitation of acid volatile sulfides (AVS) and pyrite. However, Hg-rich particles accumulating at the new sediment-water interface under the normal sedimentation regime appear to be mixed below by bioturbation and sustain the methylation of Hg in the sub-surface under the prevailing suboxic conditions. 

We expect that metals which readily form insoluble sulfide minerals (e.g., Zn2+) or co-precipitate with iron sulfides (e.g., As3+, Ni2+, Cu2+, Co2+, Hg2+; transition and class B metals or borderline hard-soft Lewis acids) will be immobile and remain trapped below or close to the original sediment-water interface. 
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