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 SEQ CHAPTER \h \r 1History of the Gulf of Mexico “Dead” Zone


During the 1990's, a zone of low oxygen (< 2 ppm dissolved O2; officially “hypoxia”) was recognized in the waters of the Gulf of Mexico west of the mouth of the Mississippi River.  The zone is at a maximum in mid-summer and includes from 10-80% of the depth of the water column.  In some years and places, H2S has been detected, which indicates the bottom sediment has become anoxic.  This zone drives away fish and invertebrates or kills them if they don’t leave.  Some estimates are that nearshore low-oxygen waters kill more fish than any other cause.  The Gulf of Mexico zone varies in size from year to year positively correlated with the water flow of the Mississippi River (that is, the larger the river flow, the bigger the dead zone).  It is not the water flow of the river itself that creates the low oxygen zone, but organic material in the water that leads to eutrophication.  In eutrophication, the organics are nutrients that allow phytoplankton such as algae to become abundant.  Then when the algae die, the decay of their remains depletes the dissolved oxygen in the water column.  The scientists who discovered the hypoxia concluded that it was a phenomenon driven by the supply of anthropogenic fertilizers running off farmland in the drainage basin of the Mississippi River.


Historical scientists, such as geologists, wonder whether this has been happening all along and we just happened to notice now or if this is a new phenomenon.
 Rivers supply not only runoff of anthropogenic fertilizers but nutrients derived from natural erosion and transportation of organics in the drainage basin.  To test this idea requires the acquisition of suitable historical data. 


For many years, micropaleontologists who specialize in benthic foraminifera have observed that these protists have a range of responses to various environmental stimuli (such as water depth, oxygen-state of bottom water, temperature; see Armstrong and Brasier, 2005, for a general discussion of foram ecology).  Abundances of these environmentally sensitive taxa in the sedimentary record have then been used to infer changing environments through time.  Of relevance here is a group of benthic forams that tolerate low-oxygen conditions.  When these taxa become more abundant in relation to the rest of the forams, then we can conclude low-oxygen conditions occurred.  A number of different benthic forams have been identified as low-oxygen tolerant including Ammonia, Protononion, Epistominella, and Buliminella.  The scientists have generally established an “index” (hypoxic taxa as percent/proportion of the total foraminifer population).  A graph of the index through sedimentary layers indicates changing oxygen conditions.  For our purposes, we will consider the “PEB” index, which uses the proportion of Protononion atlanticum, Epistominella vitrea, and Buliminella morgani among all forams (Osterman, 2003). 


Table 1 shows the names, locations and other key data for four cores taken in the Gulf of Mexico in or near the current hypoxia zone.  Tables showing the abundance of the index forams and others will be made available to you.  Graph the PEB index versus depth for each of these. Plot depth on the y-axis, increasing downwards (as it would be in the real core) and make depth the long axis.  Note that the Box Core is shorter than the gravity cores.  Plot the Box Core data twice: once with its whole depth filling the page and once with the y-axis running from 0-150 cm, so it will be at (about) the same scale as the other cores.  This will ease comparison.  Having made the plots, then print them and bring them to class.

Age Model

Because of the dominance of Mississippi River sediment on the Gulf of Mexico shelf, clastic sediment dilutes local carbonate material (such as molluscan shells or calcareous foram tests) and makes it difficult to find enough for radiocarbon dating.  Dates have been obtained for the base of MRD05-4 Gravity Core (1100 yrs BP) and MRD05-6 Gravity Core (1150 yrs BP). Because of the variability of sedimentation rates on the shelf, it is not reliable to interpolate ages in the younger part of the section from the base to the top.  The box core was dated with Pb210; its base dates to about 1890 C.E. (See “Notes on ages” for additional detail.)

Table 1: Core Location

	Core Name
	Latitude
	Longitude
	Water depth (m)
	Core Length (m)

	MRD05-6 Gravity Core
	28.3
	90.9
	65
	1.53

	PE0305 Gravity Core 1
	28.4
	90.5
	47
	1.64

	MRD05-04 Gravity Core
	28.9
	89.9
	38.5
	2.39

	MRD05-04 Box Core
	28.9
	89.9
	38
	0.41


Both box cores and gravity cores are taken by dropping a sampling device suspended from a boat into the ocean bottom.  Gravity cores are cylindrical and can reach a greater depth.  The MRD05-04 box and gravity cores are from very nearly the same spot.

Graphical Hints
You may need to re-arrange the columns in Excel to get depth on the y-axis.  

When you make a graph, you can plot “values in reverse order” (see “Format Axis...” command) to get the values to increase downwards.  

You can either express the PEB as a percent in Excel or multiply the raw index times 100. 

You may also need to set the maximum value (also in “Format axis...”) for the PEB index so that each core has a comparable width on the x-axis.  This is also how you can plot the box core so it has the same depth range as the gravity cores.

Notes on ages:
You may be familiar with the use of the C14 (= radiocarbon), the radioactive isotope of C, as a dating tool for the youngest part of the geologic record.  This isotope has been used to date the oldest parts of the cores considered in this lab.  However, radiocarbon is not usable for the youngest part of the record simply because not enough decay of C14 has occurred. 

An additional tool used is Pb210.  This isotope of lead is radioactive and forms in the chain of decay from U238 to Pb206.  Pb210 forms from radon (a gas) and settles quickly onto the Earth as radon decays, where it can be buried in sediment.  Pb210 has a half-life of 22.3 years and we can measure about seven half-lives of it, so it can date events back to about 150 years ago.
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Name_____________________________
Interpretation
Compare the record of PEB index for the cores.
  Mark the location of these cores on Figure 1.  What does the PEB index tell us about the nature and extent of the “dead zone” over the last 1000 years?  Probably the largest Mississippi River flood of the 20th century occurred in 1927.  Can you identify candidates for the peak anoxia that would have been associated with that flood?

Recall that the scientists who discovered the modern hypoxia concluded that it was driven by the supply of anthropogenic fertilizers running off in the drainage basin of the Mississippi River, that is, major hypoxia is a recent phenomenon. Discuss what these longer-term data tell us about this hypothesis.

�An example would be the 1970's discovery that fish in North Carolina waters were accumulating mercury.  The initial interpretation was that rivers draining into the sounds had become enriched in mercury as a result of pollution from growing industries (for North Carolina, mostly after the Civil War).  Analysis of preserved fish, some collected as long ago as 1800, in the NC Museum of Natural Science, showed that mercury levels in fish have hardly changed at all. Some fish just accumulate mercury.  


� This will require at least a sentence or two for each core describing the pattern of the PEB index. Then you will need a paragraph comparing and contrasting the record of all four cores. Then you will need one or more sentences to address the questions above.





