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Abstract 
Sediments have been collected and analyzed to obtain evidence in support of the arguement that anthropogenic 

nutrient loading has led to changes in coastal water quality and increased productivity. Cores representing approxi- 
mately 100 years of input show unmistakable signs of increased accumulation of organic carbon beginning early in the 
1900s. Organic tracers show that virtually all of this increase appears to be of marine origin. At two sites within the 
plume/hypoxia region, preliminary estimates are that 50 to 70 percent more organic carbon is presently accumulating 
than at the turn of the century. These preliminary interpretations provide strong support for the central themes of the 
NECOP program. Analysis and interpretation of further supporting information is continuing. 

The central hypothesis of the NECOP program is 
that anthropogenicaly increased nutrient concentra- 
tions in the lower Mississippi River and subsequent 
increased loads to the northern Gulf of Mexico have 
resulted in higher coastal productivity and contrib- 
uted to or caused the observed seasonal shelf hypoxia. 
Although estimates of nutrient concentrations and 
fluxes (Turner and Rabalais, 1991; Bratkovich and 
Dinnel, this issue) are available for 30+ years, the 
record for coastal productivity is not. A record related 
to productivity may be contained in sediments from 
the shelf that accumulate at a high rate (i.e. 0.1-10 cm/ 
yr; Nelsen and Trefry, 1986) and have been shown to 
preserve recent anthropogenic effects such as a reduc- 
tion in lead inputs due to regulation of gasoline addi- 
tives (Trefry et al., 1985). 

Anthropogenic impacts on the coastal region pre- 
sumably began in the 19th century with the beginning 
of significan t cul tiva tion of the Great Plains and popu- 
lation increase. Records of commercially produced 
fertilizer consumption in the U.S. extend back to 1895 
(SAUS).Therecord of fertilizer consumption,although 
an imperfect surrogate for nutrient load, does appear 
to be correlated with the estimates of nitrogen flux 
from the Mississippi River (Fig. 1). This implies that 
anthropogenic nutrient increases extend back to the 
period 1900 to 1930. Although sediments contain in- 
formation through this period and beyond, 
deconvolving such records is always an uncertain and 
challenging task. In addition, changes in river flow 
patterns, occasional disruptions and transport by se- 
vere storms and mass wasting of sediments all contrib- 
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Figure 1. Commercial fertilizer consumption in the U.S. 
(SAUS) and nitrogen flux from the Mississippi River 
(Bratkovich and Dinnel, this issue). Note that although the 
use of fertilizer extends back to before 1895, substantial 
increases begin around 1930. 

Ute to complex sediment accumulation records in this 
region. 

Our efforts in this program are to examine the 
following hypotheses throughananalysisof thecoastal 
sediment record: 
1. Anthropogenicnu trient enhancement in the coastal 

zone has produced proportional enhancement of 
primary productivity and concomitant carbon 
burial in the shelf sediment depocenters; 

2. observed rivcrine nutrient enhancement, together 
with silicon decline, has promoted a shift in plank- 



tonic community structure on the Mississippi/ productivity and rapid sediment accumulation, pro- 
Louisiana Shelf and this shift is preserved in the viding an opportunity for high resolution recent re- 
sediment record, and constructions. The second site, west of the delta (loca- 

3. byproducts of hypoxia/anoxia events have left tion 3) was selected as representative of an area of 
characteristic markers that producea time history chronic hypoxia. Its location was determined from 
of such events in the sediment record. previous reports (Rabalais, pers. comrn.). A set of cores 

To test these hypotheses a multi-disciplinary a p  (Fig. 2, sites 5-71 were selected as being from the same 
proach was organized including stratigraphy, radio- region, while outside the zone of hypoxia, and pro- 
chemical-based geochronology, organic and inorganic vides a basis for comparative analysis. Finally, prior 
chemical analyses and biostratigraphy including pa- work (Nelsen and Trefry, 1986) demonstrated a 
lynology. Results of a partial analysis of sediments midwater offshelf transport of detached nepheloid 
selected from the AOML core library and collected on layers Over areas of the Mississippi Canyon. Core Site 4 
the first two N E C O ~  cruises are presented in this was selected as a representative that might contain a 
report and clearly indicate increased carbon accumu- record of this Process. 
lation in this century accompanied by changes in the Sediment sampling was done with a 25 x 25 x 60 crn 
community structure. stainless steel box corer, which was subcored with 3- 

inch diameter plastic core barrels and a 3-inch diam- 
Methods eter Benthos gravity corer. Because sediment mass 

Cores from study sites (Fig. 2) were carefully chosen h a n s ~ * ,  biO turbatiOn and in-situ gas production can 
based on two major criteria, critical geographic loca- disrupt and bias the sediment historical record, a rig- 
tion and stratigraphic/geoc~ono~og~ca~ integrity of orous set of criteria were used to evaluate each core 
the sediment column. ~h~ NECO~ program objectives prior to radiochemical analyses for geostratigraphy. 
that our effort addresses include evaluating the sedi- After preliminary on-board a ~ ~ r O v a l ~ s u b s a m ~ l ~  

merit record for (1) histoical increases in the burial of taken at one centimeter intervals from each subcore, 

carbon, (2) organic/inorganic markers of historical and combined and homogenized to assure that all 
hypoxic conditions, and (3) the offshore transport and were done On the same sediment 
deposition of carbon. Samples for chedical and biological analysis were 

F~~~ sites are highlighted in this report. ~h~ first, stored until preliminary radiochemical interpertation 
east of the delta (Fig. 2, site 1) is in an area of high assured that the core had a coherent geochronology- 
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Table 1. Current Status of Analyses 

Core Record Geochron C,N and C and N Organic Palynology Bios trat- 
(years) Metals Isotopes Biomarker ~ P P ~ Y  

1 1970 C C C 0 C IP 
2 1925 C C 0 0 0 0 
3 1910 C TBD C C IP IP 
4 >I800 C IP C 0 IP IP 
5 1950 C C C 0 C 0 
6 -1890 TBD 0 C C 0 0 
7 >I800 0 C C C 0 0 

C = completed, IP = in progress, TBD = to be done, 0 = not planned 

Excalr Pb-210 (dpmlp] 
Excar8 Pb-210 (dpm/p) 

.1 1 10 100 .1 1 10 100 

- 

- 

- 
Core 2 

0.16 cm/y 

Excar8 Pb-210 (dpmlp) Excasr Pb-210 (dPm/O) 
.l 1 10 100 .1 1 10 100 

50 50 

Figure 3. Excess Pb-210 in NECOP cores. Core 5 (not shown) had an accumuiation rate of 1.3 cm/yr. 

- 

- Core 4 
0.10 cmly 



HYPOXJC CORE N9105 
GLAUCONITE ELEMENTAL COMPOSITION 

4-5 cm 
Figure 4. SEM of a grain identified as glauconite from NECOP core 3. Thc elemental composition of this 
grain is consistent with our tentative identification. 
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Figure 5. Thedowncore distribution of glauconite in the core 
from NECOP site 3, in the region of chronic hypoxia. 

X-radiographs and photographs have been taken 
and interpreted for all cores. The status of other analy- 
ses are listed in Table 1. Analytical procedures are not 
described for the sake of brevity. 

Results and Discussion 
Geochronology - Preliminary interpretation of the 

radiochemical data indicates that three of the five 
stations yielded cores with relatively simple geochrb 
nologies (Fig. 3). East of the delta (station I), the 
accumulation rate was very high (2.4 cm/y) below a 10 
cm thick region of sedimentsdeposited within the past 
few months (based on Th - 234). Although this core 
only represents the past two decades of accumulation, 
it offers an opportunity to examine short-term events. 
West of the delta (stations 3 and 5-71, accumulation 
was within the range we were seeking (0.54 and 1 3  
cm/y, respectively) and the cores spanned periods of 
approximately 100 years allowing for an examination 
of the record through what we believe to be the period 
of anthropogenic impact. The core from station 3 was 
recovered from an area of chronic hypoxia while cores 
5-7 were recovered from a nearby shelf site of similar 
depth but without documented hypoxic events. The 
other two cores exhibited a more difficult geochronol- 
ogy. Core 2, from a region of apparent anoxia during 
cruise 1, has a 20 cm thick overlay of material that has 
a constant excess Pb - 210 activity, implying intense 
mixing or a recent massive deposit. Core 4 from the 
head of the Mississippi Canyon (990 m) also presented 
an apparent discontinuous accumulation pattern. The 
length of the record for this core extends far beyond the 
turn of the century and along with the 5+ meter piston 
core from station 5-7 will provide samples for back- 
ground. 

Mineralologyand Biostrafigraphy-Early results from 
one core taken within an area of demonstrated chronic 
hypoxia (site 3) indicate that signals critical to the 
overall interpretationof thesediment record are present 
and preserved in this region. 

The mineral phase glauconite is only observed in 
our sediments from hypoxic areas. Phase identifica- 

tion, at present, is based on color (green) and chemical 
composition (Fig.4) with moredetailed chemicalanaly- 
sis presently in progress. Current knowledge of the 
genesis of glauconite indicates formation in shallow 
marine environments rich in organic matter, reducing 
conditions and relatively low sediment accumulation 
rate all of which are known, or implied, to exist at this 
coring site. The general downcore trend in the distri- 
bution of glauconite, as seen in Fig. 5, indicates a 
general decline toward the core bottom, dated (Pb- 
210) toabout the turnof thecentury. Both the smoothed 
and raw data show initial correlation to river events 
from the decadal to essentially the yearly scale. Con- 
tinued work is expected to refine these initial results. 

Sediment biostratigraphy of the hypoxia-area core 
indicates temporal variability in overall abundance 
counts of benthic forarns. Representative species from 
near the core top (2-3 crn) and bottom (49-50 crn), 
spanning abou t the last 9-10 decades, are shown in Fig. 
6. Because post-depositional processes have not dis- 
solved or corroded any forarn tests, excellent downcore 
preservation will permit continued work on foram 
species identification and diversity studies. These stud- 
ies are currently in progress and will allow evaluation 
of population shifts with time and the contribution 
thereof to the historical investigation of hypoxia in the 
program study area. Benthic forams may also provide 
a valuable isotopic signature for the onset or intensity 
of hypoxia. 

Organic Carbon - The concentration of organic 
matter in the surficial sediments is greater than the . 
measured background (pre-1900) for the cores we 
have analyzed. Profiles of organic carbon decline 
throughout the record of this century until a relatively 
constant background level is reached. This is illus- 
trated in Fig. 7, the organic carbon concentration of the 
sediments from the box and piston cores at site 5-7. 
There are two possibilities for this observation, in- 
creased rate of organic accumulation presumably as- 
sociated with enhanced productivity or a diagenetic 
effect. We are proceeding on the assumption that the 
former effect is much greater than the latter and we are 
examining geochemical information that will allow us 
to estimate the magnitude of these effects. In the sub- 
sequent discussion of our preliminary data interpreta- 
tion we make the assumption that the effect of diagen- 
esis is small below sediment depth of approximately 
10 cm in this area. 

At site 5-7, the organic carbon concentration de- 
creases from a surface value of 1.3 percent to a level of 
less than 1 percent over about 50 years and reaches a 
background value of approximately 0.7 percent below 
100 cm in the piston core. This temporal change in 

' 

concentration is consis tent with increases in river borne 
nutrients and fertilizer consumption (Fig. 1). Similar 
time trends have been observed for cores from stations 
3 and 4. Surface organic carbon concentrations at all 
sites analyzed are greater than 1 percent, a very high 
value for shelf sediments. 

A number of studies in this region have successfully 



Figure 6. Forams from near surface and bottom (ca 100 yr B.P.) of the core from NECOP site 3. The visual integrity of the shells implies little dissolution, therefore species counts 
will provide useful information on community change. 
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Figure 7. Carbon at sites-7; box core (5) Pb -210 accumulation 
rate is 1.3 cm/yr. 

wd stable carbon isotopes (Parker, 1979) and lignin 
oxidation products (Hedges and Parker, 1976) as tracers 
of the source of surface sediment organic matter. Both of 
these tracers of sediment organic carbon show a rapid 
decrease in terrestrial organic matter with increased 
distance offshore. In Fig. 8 we present the carbon isotope 
ratio data for three cores. The common features are that 
they are heavier (more marine) at the surface, then get 
lighter down to approximately the 1920 horizon and 
remain relatively constant below this depth. The inflec- 
tion near the 1920 horizon is consistent with the signifi- 
cant increase in fertilizer consumption at about this time. 

Based on Pb210, surface organic carbon accumula- 
tion rates for cores 3 and 5-7 are approximatcly40 and 70 
gC/rn2/y respectively. These rates are extremely high, 
and represent a substantial fraction of local primary 
production (estimated at > 500 &/m2/y in this area 
from NECOP cruise 1 data; Greg Lang, pcrs. comrn.) and 
riverinpu tofcarbon. For~omparison~Tumcrand Rabalais 
(1991) report that the ni trogcn load to the Louisiana shelf 
approximately doubled to 120 million kilograms pcr 
year from 1954 to 1987. Stoichiomctricly corlvcrtcd to 
carbon(Nx6.75)and cvcnly distributed over thcaffcctcd 
shelf, they estima te an inc rca~  of approxirnatcly 40 gC/ 
m2/y; within the immediate vicinity of the rivcr mouth 
the increase must be much larger. 

The isotopic composition of rivcr particulate or- 
ganic carbon mcasurcd on the NECOP cruises is -25%0, 
while marine POC and scdimcnts in this rcgion have a 
composition of -20 %O (Parkcr, 1979). If diagcncsis is 
assumcd to be insignificant, thcn thc rclativc contribu- 
tions of tcrrcstrial and aquatic carbon to the scdimcnts 

Figure 8. Organic carbon delC-13 for three NECOP cores. All 
get measurably lighter with depth, an indicationof change in 
the source of the organic matter. 
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Figure 9. Organic carbon accumulation at 2 sites west of 
Southwest Pass. Partitioning into terrestrial and marine is 
based on carbon isotope composition; lignin distributions 
gave the same xsults. 



can be partitioned. Using a simple linear mixing model 
for carbon isotopes, the accumulation of organic carbon 
at sites 3 and 5-7 are shown in Fig. 9. A similar calculation 
using lignins gave very similar results. Either tracer 
indicates that a majority of the carbon being deposited is 
of marine origin and that the increase in accumulation 
over the past 50 to 75 years is almost exclusively marine. 
The terrestrial input has remained virtually constant for 
these two sites. This is powerful evidence supporting the 
argument that carbon accumulation is increasing in re- 
sponse to nutrientehmced coastal productivity. 

In addition to developing evidence of rapid and in- 
creasing accumulation near the mouth of the river, we 
collected a core at the head of the Mississippi Canyon at 
a depth of 990 m in order to examine the offshore trans- 
port of organic matter. Sediment from station 4 had high 
carbon content (1.4 percent) with a marine isotope s i p -  
ture (Fig. 8). POCcollected at 5 mabove the bot tom a t this 
site exhibited a del C-13 that contained a significant 
fraction of terrestrial material. It is apparent that tcms- 
trial/coastal organic mattcr is reaching offshore but, 
without any measurement of transport, calculations of 
fluxes are not possible. 
Summa y of ongoing work - This rcport has focuscd 

primarily on the first of the hypothcxs that wc planned 
to examine, enhanced accumulation of organic matter in 
sediments. We feel that we have prcscntcd, although 
briefly, some strong supporting evidence. The xcond 
hypothesis relates to changes in community structure 
and some preliminary results of biostratigraphy have 
been presented. Additional data on pollcn, rnicropaicon- 
tology, biogenic silica, nitrogcn conccntrations and dcl 
N-15 are not yet complctcd, but initial rcsults arc cncour- 
aging. We are also examining thc scdimcnt rccord for 
specific evidence of the rccord of hypoxia. Whcn critical 
sample analyses are complctcd a more comprchcnsive 
modelingeffort will be conducted to intcrprct thc records 
better. 
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