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CHAPTER 6

N(#5*1 N Ri¥btograph of the marsh sediment survey in Barataria marshes following the 2011 Mississippi
River flood
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CHAPTER 6

6.2.3 RESULTS/DISCUSSION

A dramatic contrast in plume patterns and inundation extent was evident from satellite
imagery capturing the Mississippi and Atchafalaya River outflows (Fig 6.1). Floodwaters
of the Mississippi River, which were completely contained within artificial levees
upstream of the Birdsfoot Delta, produced narrow, focused jets of sediment-laden
water that penetrated coastal currents with limited mixing. Conversely, floodwaters
from the Atchafalaya inundated a ~100-km coastal zone area and its broad sediment
plume was trapped in the nearshore zone for approximately four weeks, where it was
well-mixed with marine waters. Based on these observations, it was hypothesized that
greater wetland sedimentation would occur over a broad area in the Atchafalaya Basin,
from both direct deposition by floodwaters and indirect deposition through coastal

reworking of the plume compared to the Birdsfoot Delta basin.

Wetland sedimentation patterns were consistent with the observed behavior of the two
sediment plumes (Fig 6.3). Recent sediment accumulation was greatest in the
Atchafalaya (1.61 + 0.96 g cm™2, n = 14) and smaller but still substantial (1.14 +0.78 g
cm™2, n=9) in the Birdsfoot Delta. The Terrebonne (0.42 + 0.18 gcm™2, n = 14) and
Barataria (0.34 + 0.22 g cm™2, n = 8) basin wetlands, located farthest from the rivers,
accumulated much less sediment. The strong correspondence between areas of greater

shoreline deposition and coastal SSC patterns identified from satellite data (Fig. 6.3),
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CHAPTER 6

suggests plume-derived wetland deposition for sites along the shoreline, while sites
farther inland likely received sediment from overbank flooding, which was supported by
sediments relatively enriched in diatom species indicative of low-salinity environments
and low 8"3C sediment values (-27.0 + 0.4 %o in the Atchafalaya and -24.7 + 0.5 %o in the
Birdsfoot Delta) (Chapter 3). Surface sediments were composed of moderately sorted
fine silt (median value from all basins was 13.4 mm) with a low organic content (10 +
1%) and moderate bulk density (0.60 + 0.05 g cm™), features that did not vary

significantly across basins.

Hydrographic survey transects enabled better understanding of the Mississippi River
plume dynamics. The Southwest Pass survey showed that its jet was easily recognized
50 km offshore as a persistent core of high current velocity and SSC (Fig 6.4). Constant
Rouse number (essentially the ratio of particle settling velocity to fluid shear velocity)
for each station confirmed that sediments remained suspended within the narrow river
jet up to 40 km offshore. The physical basis for these dynamics was evaluated by
calculating the potential vorticity for the plume. Offshore potential vorticity values were
comparable to those at the channel mouth (i.e., conservation of potential vorticity),
providing further indication that the Southwest Pass plume indeed acted as a self-
sharpening jet, which belongs to a class of flows that mix minimally with ambient waters

(Wood and Mclntyre, 2010; Dritschel and Scott, 2011) (Figs 6.1 and 6.4).
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CHAPTER 6

6.2.4 IMPLICATIONS

These results are relevant for plans to restore deltaic wetlands using artificial diversions
and suggest that river-mouth hydrodynamics influenced sedimentation patterns during
the spring 2011 flood (Day et al., 2007; Kim et al., 2009; Paola et al., 2011; Blum and
Roberts, 2009; Kearney et al., 2011; Falcini and Jerolmack, 2010). The intentional
flooding of the Atchafalaya produced a diffuse plume that was influenced by coastal
currents and winds and delivered substantial sediment directly to wetlands and to the
nearshore zone, where tides and currents could potentially carry it onshore. Although
the Mississippi River carried a larger sediment load than the Atchafalaya River, it
produced less sedimentation. The study demonstrated how flow confinement fosters
delivery of large quantities of sediment far offshore, where it cannot build a land
platform to support wetlands. If the Mississippi River plume was more diffuse, there is a
greater likelihood its sediments would have been carried shoreward with coastal
currents to produce greater deposition than observed in the Barataria and Terrebonne
basins. Although the ultimate success of proposed river diversions further upstream of
the Birdsfoot Delta will depend on a variety of factors (Kearney et al., 2011; Day et al.,
2011), findings from the 2011 flood demonstrated how fine sediment diverted to

shallow marine settings could contribute considerably to marsh sedimentation.
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6.3 HOLOCENE SEA-LEVEL CHANGE IN THE CIRCUM-CARIBBEAN
REGION

6.3.1 CONTEXT

Holocene RSL reconstructions from the Caribbean provide necessary data for estimating
rates of spatially variable and ongoing glacio-isostatic adjustment (GIA). Instrumental
(tide gauge and satellite) sea-level measurements must be corrected for GIA to extract
eustatic and steric signals and facilitate meaningful spatial comparisons (e.g., Church
and White, 2006; Cazenave et al., 2009). Further, estimates of mass loss from Greenland
and Antarctica provided by the Gravity Recovery and Climate Experiment (GRACE) must
be scaled and corrected for contamination due to GIA (e.g., Cazenave et al., 2009; Wu et
al., 2010). Numerical models can predict rates of GIA, but parameters such as upper and
lower mantle viscosity (e.g., Mitrovica and Peltier, 1995) and lithospheric thickness (e.g.,
Tushingham and Peltier, 1992) are usually constrained by Holocene sea level
reconstructions (e.g., Shennan et al.,, 2002; Milne et al., 2005; Simms et al., 2007;
Engelhart et al., 2011). At increasing distances from the major centers of glaciation, the
ice-induced component of the signal reduces in magnitude and so the eustatic (or
meltwater) signal becomes dominant. In addition, the smaller amplitude signal
associated with ocean loading and GIA-induced perturbations to the Earth’s rotation
vector become more evident (e.g., Clark et al., 1978; Milne and Mitrovica, 1998;
Mitrovica and Milne, 2002). The Caribbean region has traditionally been considered far-

field (i.e., with negligible glacio-isostatic adjustment (GIA) influence) (Clark et al., 1978),
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although recent investigations indicate this process has significantly influenced the

region (Toscano and Macintyre, 2001; Milne et al., 2005; Milne et al., 2013).

There have been several notable attempts to produce a Holocene RSL database for the
Caribbean coastline (e.g., Lighty et al., 1982; Toscano and Macintyre; Milne and Peros,
2013). However, the criteria necessary to produce an accurate sea-level database have
rarely been met. The correct interpretation of the elevational relationship of sea-level
indicators (known as the indicative meaning) to sea level is a critical element of
reconstructing RSL histories. Different types of sea-level indicators have varying degrees
of precision. Toscano and Macintyre (2003) compiled radiocarbon-dated mangrove
peats, which they combined with the coral database of Lighty et al. (1982) to produce a
Caribbean sea-level database. However, they do not account for the very different
indicative meanings of coral and mangrove sea-level indicators. Further, they produce a
single sea-level record, disregarding the spatial variability in RSL records that exist
throughout the region related to tectonics and GIA. Milne and Peros (2013) updated the
database of Toscano and Macintyre (2003) with data from Belize (Wooller et al.,
2004 and Wooller et al., 2007), the U.S. Gulf coast (Tornqvist et al., 2004), Trinidad
(Ramcharan and McAndrews, 2006), the Yucatan Peninsula (Gabriel et al., 2009), and
Cuba (Peros, 2005; Davidson, 2007) to produce regional sea-level records for the
Caribbean and surrounding areas, which they compare to GIA models. However, Milne

and Peros (2013) did not follow the IGCP protocol to ensure the quality of the database.
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