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INTRODUCTION

The overall goals of the project were to investigate the processes responsible for the recy-
cling of particulate material reaching the sea floor in the California Borderland Basins, As ini-
tially proposed, we planned an investigation of sediment diagenesis in several of the Califonfia
Borderland Basins. The particular issues that were to be the focus of the study were:

1. What proportion of the detrital materials that sink out of the photic zone are recycled in the
sediments?

2. Are the differences observed between sampling locations explainable by differences in bot-
tom water chemis_, ancVor particulate input using present models?

3. What is the diffusive exchange of trace metals across the sediment/water interface and what
mechanisms control their mobilization in surface sediments and pore waters?

4. Is the formation of authigenic minerals (such as iron and manganese oxides or sulfide and
apatites) within the surface sediments important to the pore water chemistry and, hence,
benthic fluxes?

5. Do the respiratory rates calculated through geochemical evidence correlate with those
estimated via biological assays?

Once initial funding decisions were made by DOE, the Principal Investigators met to
coordinate their individual efforts into a comprehensive program (the Califomia Basin Study
;CABS). It was decided to focus the study within a single basin, Santa Monica Basin, rather
than study several basins. This decision eliminated the comparative aspects of my original
proposed project (question #2 above) and at the salne time provided an uniquely strong coordi-
nated effort in which to study sediment processes. In the following, I summarize the major
accomplishments of research conducted as part of the CaBS project.

Organic Matter Diagenesis and Benthic Fluxes

We have used pore water gradients and in situ benthic flux chamber measurements to
assess the total and down-core variations in the organic carbon remineralization rate. In addi-
tion to standard pore water extractions, we developed techniques to extract pore water samples
at 2 nina sampling intervals, greatly improving our assessment of ne_u'-surface vertical gra-
dients. In addition, much emphasis was placed on directly measuring the exchange of chemi-
cals between the lx_ttom waters and sediment pore waters via in situ benthic flux chamber
incubations. The latter were performed with the MANOP bottom lander, and in later expedi-
tions, the Benthic Experimental Chamber Instrument (BECI). Both of these devices were
developed with NSF support, Results from these measurements were used to assess the fol-
lowing aspects of seafloor organic matter diagenesis.

Influence of bottom water oxygen on organic carbon burial efficiency

By comparing the amount of organic carbon buried in the sediments with the total
amount deposited (calculated as the amount buried plus the amount recycled), the accumula..
tion efficiency was calculated. For Santa Monica Basin, 43% of the organic carbon reaching
the sea floor is permanently buried. We have compared this value with those calculated fox"
other California Borderland Basins v,,hich differ in bottom water oxygen content. The results
suggest that during the early stages of organic matter diagenesis (the portion best represented
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by benthic flux measurements) there is little influence of the bottom water oxygen content on
the overall accumulation efficiency. These results have immediate potential implications for
future studies of carbon (including antkropogenic carbon) removal from the ocean and for the
interpretation of organic carbon variations in the sedimentological record (discussed in ref.
5&2).

Constraining the reactivity of deposited organic matter

By assessing pore water gradients and total sea floor fluxes, we estimate the contribution
of specific sediment intervals to the total sediment decomposition rate. Because the sediments
in the basin m-elaminated, we can also accurately estimate the age of each sediment layer.

The results demonstrate that organic matter diagenesis could unambiguously not be
described by a single degradation rate constant, At a minimum, sea floor diagenesis requires
two types of organic matter of very.,different reactivities, We estimate that the most labile
fraction decomposes with a half-life of <6.5 years while the more resistant fraction has a half-
life of 1700 years (discussed in ref. 5).

Reaction Stoichiometery

Because of the low bottom water oxygen concentrations, organic matter remineralization
in Santa Monica Basin sediments below the upper few millimeters is dominated by sulfate
reduction reactions. Previous studies of these processes that have been performed primarily in
east coast near-shore sediments such as Cape Lookout Bight and Long Island Sound have
demonstrated that approximately two moles of carbon dioxide are produced for every mole of
sulfate utilized.

In the Santa Monica Basin, pore water distribution indicate a near 1:1 relationship
between sulfate consumed and carbon dioxide released. These results suggest that there is still
an unknown process that may affect thc oxidation state of the reacting organic carbon or of the
produced sulfur species to account for this different relationship. These differences, if applica-
ble to other sulfate reducit_g sediments, may alter significantly estimates of organic carbon
cycling based on sulfate reduction rates (discussed in ref. 5).

In addition to the studies of the benthic processes themselves, the benthic carbon budget
that was derived for the Santa Monica Basin has been used to assess the role of ocean margin
regions in the oceanic carbon cycle.

Export of organic matter off' the Santa Monica continental shelf

Because that basira should trap organic mate;ials transported from the adjacent continental
shelf, the carbon budget tbr the deep basin was ased to assess whether a significant portion of
the organic matter produced on the shelf was advected offshore. Because of the high rates of
prirnm"y prodaction on continental shelves, even a transport of 5.,10% would be detectable in
the deep basin. The results suggested that export of organic material from the adjacent con-
tinental shelf was not necessary to balance the deep basin carbon budget (discussed in ref. 4).

Assessing carbon fluxes in ocean basins

We have also examined the role of ocean margins in the basin-wide organic carbon cycle.
We have examined this in two papers in which we compiled benthic flux results for the
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Atlantic and Pacific Ocean Basins. These results have very strongly suggested that margin
systems contribute significantly to the input of organic matter to the deep ocean (discussed in
ref. 3). These compilations have also demonstrated that d_e overall pattern of' benthic fluxes
follow, very closely, the distribution pattern of primary productivity in the overlying surface
waters. This implies, that benthic respiration in the deep ocean must be support by particulate
fluxes and not by the transport of dissolved organic carbon from the surface waters. This sets

a upper limit as to the importance of DOC transport in the marine organic carbon cycle, By
integrating these results, we have also been able to demonstrate that organic carbon fluxes into
the deep ocean are dominated by input in the lower latitudes. In fact, the results indicate that
> 70% of the carbon input to the deep waters occurs within 300 of the equator (discussed in
ref. 6).

Trace Metal Geochemistry

We have studied the geochemistry, pore water mobility, and benthic exchange of trace
metals in the California basins. This work has been accomplished through pore water studies
by Dr. Tim Shaw. To constrain the processes that control the trace elements in the pore
waters, Dr. Shaw combined the results from Santa Monica Bash't with those from other Cali-

fornia Borderland Basins of different redox and depositional character. The results represent
the Ph. D. Thesis work of Dr. Shaw (Shaw, T. J. (1988) The Early Diagenesis of Transition
Metals in Nearshore Sediments. Ph. D. Thesis, University of California, San Diego, 164p) (dis-
cussed in ref. 9).

Biological Metabolic Rates

Because recycling is mediated by biological rnetabolic processes, there should be a gen-
eral correspondence between respiration rates inferred from microbial studies of growth and
incorporation efficiency and sea floor oxidant and carbon fluxes. The CaBS program
represented an unique opportunity to assess the relative consistency of these measurements.

During the CaBS project, we modified techniques to permit fine-scale (1-2 mrn) sampling
and incubation of surface microbial communities. Utilizing these techniques, we were able to
demonstrate that most of the biomass and metabolic activity was restricted to the uppermost
0.5 cm of the deep basin sediments. This extreme concentration of the bionmss and biological
activity at the sediment sur-face may be, the result of the absence of sediment mixing (the sedi-
ments are laminated) and the lack of benthic boundary layer predators due to low oxygen con-
ditions). FurthenT_ore, these studies demonstrated that the real en',rs involved in the microbial
measurements are loo large for these measurements to be useful in establishing benthic carbon
budgets by themselves. In order for the two type of measurements to be internally consistent,
the benthic microorgar_isms must efficiently incorporate detrital organic carbon (generally
incorporating > 70% of the carbon ingested and respiting only 30%) (discussed in ref. 1,2,7).
This has lead to further studies in my lab !. new techniques for assessing growth and respira-
tion (especially in anaerobic systems) 2. field studies of benthic microbial rates off Peru,
3.further investigations of this sort in oxic systems off the east coast as part cf my continuing
DOE rese_ch.
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Summary of students trained or who benefited through DOE support.
T. J. Shaw, Ph.D. 1988; Scripps Institution of Oceanography
C. Rabouille, Ph.D. 1990; L'Universite de Paris 7

Current Post-Doc, Dr. Ellery Ingall, studying the forms of sedimentary phosphorus in margin
sediments.
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