Developing a suite of geochemical tracers to unravel forcing factors in natural, historic GoM ‘Dead Zones’.
Statement of Problem-

The world’s most renown coastal hypoxic zone sits off the Mississippi River delta in the northern Gulf of Mexico (GoM).  While the size of this hypoxic area, commonly known as the ‘Dead Zone’, is variable from year to year since monitoring started in 1985, the overall trend suggests that this ‘Dead Zone’ area is increasing. Two forcing factors have been identified that are critical in the evolution of modern hypoxia, 1) a large source of anthropogenically-derived nutrients (i.e., primarily from the discharge of Mississippi River borne fertilizers), and 2) water column stratification (either density- or temperature-driven).

Recent studies, however, indicate there is also a natural, pre-anthropogenic component to the occurrence of hypoxia in this region.  This historic hypoxia must be controlled, in part, by fluctuating precipitation in the watershed resulting in increases in runoff down the natural, unaltered river distributary system, as well as through the adjacent wetlands. Just as in the modern record, such episodic runoff events also deliver heightened water and nutrients/carbon loads to a shallow shelf system prone to stratification.  To delineate variable source terms for nutrients and other vital constituents, a suite of organic biomarkers and compound specific isotope records in dated sediments appear to provide one of the few tell-tale signatures necessary to unravel source functions for historic hypoxia. This proposal focuses on documenting, through detailed organic biomarker and isotopic analysis of sedimentary material, the role of varied terrestrial versus marine inputs that contribute to and/or control the onset of natural GoM hypoxia.

Objectives-

We now have abundant faunal and limited geochemical evidence that questions our present understanding of the long-term forcing factors and processes associated with development of historic hypoxia in the northern GoM. These results support the general hypothesis that variable runoff down the Mississippi River and through the adjacent wetlands appear to control the development, intensification and expansion of pre-anthropogenic hypoxic events and the severity of water column stratification.  We have analyzed sediment cores from the hypoxic Louisiana shelf for fluctuations in the abundance of low-oxygen tolerant benthic foraminifers (PEB Index) and the expansion of the hypoxic zone since the 1970’s is clearly recorded by the PEB Index.  Importantly, prior to 1900 we have multiple records that show periodic pulses in the PEB index that pre-date the use of commercial fertilizer in the Mississippi Basin by almost 1000 yrs.  These faunal results must be augmented by additional lines of evidence to support the hypothesis of naturally recurring intervals of low-oxygen bottom water events related to variable nutrient loading over the last 1000 yrs and to identify the source or sources of excess nutrients.  We plan on developing a suite of organic and inorganic tracers that can differentiate marine versus terrestrial sources and provide additional information as to the driving processes that control historic hypoxia.  For example, some sterols are derived from marine phytoplankton and analyses of a complete suite of organic isotopes and biomarkers may provide important information on changes in the source of nutrients and the contribution of terrestrial runoff to past low-oxygen subsurface water events.  It is these finer nuances in the delivery and preservation of organic matter that we wish to investigate with a more comprehensive organic geochemical analytical effort.

Work Strategies

A full complement of inorganic tracers and organic biomarkers (i.e., fatty acids, sterols, lignin phenols, alkanes) and compound specific stable (C/N/O) isotopes would be analyzed for core MRD05-04 for comparison with the existing PEB and inorganic proxies.  In addition, we plan to analyze an additional core to be taken in the spring of FY 07 from the central area of the current ‘dead zone’. The detailed organic geochemistry would be done in addition to the standard low-oxygen proxies we have been utilizing (PEB, V, TOC, etc).

Relevance and Impact
While natural, historic hypoxia is a well-known phenomenon in the geologic record, we have for the first time been able to show that this process has occurred also on the Louisiana shelf.  The USGS has been one of the key contributors to the science of hypoxia, and our new findings of pre-anthropogenic, natural recurring low-oxygen events will dramatically impact this science/management community.  We recognize, however, that these new findings will be met with some resistance and we therefore need to develop a suite of proxies that can unequivocally delineate nutrient source functions.  At present, no one has been able to document if the increased productivity driving historic low oxygen conditions is of marine or terrestrial origin. While complex, the interpretation of organic biomarkers and compound specific isotope analyses has the potential for uniquely providing such information.  Initial results from our lab are promising and justify further, more rigorous investigation.  

Partnerships

GoM hypoxia has many diverse stakeholders, including: The Potash Foundation, MMS, NOAA, USGS, and many state organizations (DEP) and universities.  All are very interested in being able to separate natural from anthropogenic hypoxia forcing. USGS CM&G – ESD Program support for ongoing hypoxia efforts.  Collaboration with many university scientists, including, Drs Nancy Rabalais (Dir. LUMCON), Tom Bianchi (TAMU), David Senn (Harvard).
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