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ABSTRACT

TRACE METAL AND ORGANIC MATTER DIAGENESIS
IN DEEP-SEA SEDIMENTS

IAN SUTTON SEPTEMBER, 1995

The principal aim of this study was to investigate trace metal and organic
matter (OM) diagenesis in the same sediments, in the hope of elucidating any
relationship between the two. To this purpose, sediment cores from the
Porcupine Abyssal Plain (PAP) and Madeira Abyssal Plain (MAP) were studied.
The geochemical partitioning, .e. solid state speciation, of the trace metals,
manganese, copper, vanadium and zinc, in the sediments was examined using a
five stage sequential leaching technique, and the speciation patterns were
compared to a variety of OM parameters; these included total organic carbon
(TOC), total hydrolysable amino acids (THAA) and carbohydrates (THCH).
The trace metals Al, Co, Fe, and Ni were determined in the PAP core, however,
they are not discussed in the text. Data for these metals are presented in an
appendix.

In the oxic pelagic sediments of the PAP, OM was apparently degraded
with oxygen as the terminal electron acceptor. This led to the slow attenuation
of TOC and THAA down-core, however, there was some evidence for their
redistribution in the surficial sediments following bioturbation. At the PAP,
easily-reducible manganese oxides were preserved upon burial in the oxic
conditions. Since OM remineralisation proceeded wia the utilisation of pore-
water oxygen as the terminal electron acceptor, and not Mn(IV) oxides, this led
to the decoupling of trace metal and OM diagenesis in this core.

In contrast, at the northern MAP site, a mixed turbidite/pelagic sequence,
labile OM was apparently respired through Mn(IV) reduction from the pelagic-
turbidite boundary upward. This mechanism was presumably initiated through
the stimulation of reduction of manganese by bacteria in the underlying pelagic
sediments. The reduction of Mn(IV)oxides in the base of the turbidite, upward
migration of Mn(II) #ia pore-waters and its subsequent oxidation and
immobilisation in surficial sediments led to their relative enrichment in the
metal. The utilisation of Mn(IV) as the terminal electron acceptor for the
remineralisation of OM led to the coupling of trace metal and OM diagenesis.
Thus, in the turbidite layer, easily-reducible Mn oxides exhibited a strong
relationship with the OM parameters.

A core from the southern MAP, also of mixed turbidite/pelagic lithology,
provided data for a sedimentary environment affected both downward oxidation
(via diffusion of oxygen from overlying sea-water into pore-waters) and upward
bacterial respiration. These competing processes led to complex diagenetic
 behaviour. In contrast to the northern MAP site, where TOC was strongly
correlated to the THAA and THCH in the turbidite layer, at this site there were
no discernible relationships between the OM parameters. THCH were
apparently only degraded in the base of the turbidite (i.e. by upward bacterial
respiration), whereas THAA were probably remineralised by both mechanisms,
however, their behaviour was further complicated by bioturbation of the
surficial sediments.
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Chapter 1

Early Diagenesis in
Marine Sediments

1.1 Introduction

The organic matter (OM) in the ocean is one of the largest reactive
reservoirs of carbon on the Earth’s surface (see Fig. 1.1), and the ultimate fate
of OM in the ocean is burial and transformation in surficial sediments.

The interstitial water/sediment system is a site of intense biological,
chemical and physical reactivity which can lead to the formation of new and
altered mineral phases and to changes in the composition of the waters
themselves. These changes can be grouped together under the term diagenesis,
and many of the important changes which affect oceanic sediments take place
during ‘early diagenesis’ which occurs during the burial of the sediments to
depths of centimetres to a few metres. An understanding of early diagenetic
processes is important to many of the questions being examined in the Earth
Sciences; for example, past variations in the composition of the atmosphere

could be related to temporal variations in organic carbon burial rates in

 sediments.

Early diagenesis is constrained by the redox environment in the sediments
and is governed by the oxidation of OM in a series of bacterially-mediated
reactions (e.g. Myers and Nealson, 1988a,b) which breakdown the organic
molecules to more simple molecules or inorganic species. Most oceanic

environments at the sea-water/sediment interface are oxic, and as a result more



than 90% of the OM which reaches the sea floor is oxidised at, or close to, the
sediment surface (e.g. Bender and Heggie, 1984). However, the OM which
reaches the sediment/seawater interface only represents a fraction (<5%; e.g.
Chester, 1990) of that found in surface waters, 7.e. >95% of the OM is recycled
in the water column.

Recent work on the Joint Global Ocean Flux Study (JGOFS) and
Biogeochemical Ocean Flux Study (BOFS) programmes has attempted to
evaluate the fluxes between carbon reservoirs (e.g. Ducklow and Harris, 1993;
Honjo and Manganini, 1993; Newton et al., 1994; Savidge et al., 1992). In data
collected from 48°N, 21°W (i.e. above the Porcupine Abyssal Plain; see Chapter
2), Honjo and Manganini (1993) observed that:

1) ca. 98% of the carbon produced wia. primary production (% 72 g C m-2a-1)
was recycled in surface waters.

2) The flux of carbon to deep water varied little with depth, i.e. 1.48 g C m2a!
(1000 m depth) — 1.38 g C m-2a-1 (2000 m depth) — 1.00 g C m=2a-! (700 m
above bottom).

3) ca. 55% of the annual carbon flux occurred at the spring bloom (= 102 day
event).

The evaluation of fluxes between reservoirs has some inherent problems,
some of which are outlined below:

1) Inefficiency of sediment traps at shallow depths. This occurs when particles
are still suspended and not sufficiently aggregated to gain enough sinking speed
to enable them to be caught by a trap (e.g. Honjo and Manganini, 1993).

2) Inability of sediment traps to collect very large, and hence rare, sinking
particles such as carrion (e.g. Lampitt, 1992).

3) Invasion of sediment traps by ‘swimmers’ and their subsequent degradation
(of most importance in surface waters;e.g. Newton ez al., 1994).

4) Resuspension of bottom material into deep sediment traps (e.g. Newton et

al., 1994).































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































