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Abstract
Paralic sedimentary deposits contain almost 40% of the hydrocarbon reservoirs and continue to be important for the industry, and even more so
by its key link in understanding sediment fate into a source-to-sink perspective. In order to achieve a greater understanding of sediment
dispersal during transgression and regression associated with river deltas, the last such cycle of the Mississippi River delta is studied herein.
Previously published sediment thickness maps and borehole data of the Mississippi valley, delta, and shelf deposits have been compiled to
discover how the Mississippi locus of deposition fluctuated since the Last Glacial Maximum (LGM). This investigation also compared
calculated river derived sediment volumes during the last 20ky to deduce the volume and rate of sediment that bypassed the shelf onto the
slope. At the LGM (19ka) when the sea level was 120 metres below present, the Mississippi River lay entrenched into the shelf and it built its
deltas on the shelf margin. As the base level rose rapidly subsequent to the LGM, the river filled its valleys with sediment in the ensuing
retrogradation and formed depocentres outside the valley. As the sea levelled, the river’s deltas prograded back outside of its valleys.
Digitizing and employing previously published data showed that shelf depocentres migrated widely from the outer to the inner shelf following
sea level rise and had thicknesses varying between 5-500 metres. This investigation seeks to test the various hypotheses concerning the locus of
deposition during each of the stages of sea level rise. To this end, the sediment deposited in the valley and delta has been mapped and the
volume quantified for each of these stages. Recently calculated values for the Mississippi River water discharge since the LGM, estimated to
have fluctuated to as much as eight times (160,000 m3s-1) that of the present, allowed for the enumeration of sediment discharge through time.
Using the rate of sea level rise to plot the location of the shoreline with the inferred past river mouth and the delta through time, the rate of
volumetric change of the mapped on shelf deposits was calculated with respect to time. By deducting this rate of volumetric change of mapped
on shelf deposits from the computed sediment discharge through time, the rate and volume of off shelf deposition since the Last Glacial
Maximum was quantified, displaying a higher rate of deposition before the retreat of the shelf margin deltas.
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Motivation and Focus

Modelling Sediment Discharge

Paralic sedimentary deposits contain almost 40% of the hydrocarbon reservoirs and continue to be important for the
industry, and even more so by its key link in understanding sediment fate into a source-to-sink perspective. In order to
achieve a greater understanding of sediment dispersal during transgression and regression associated with river deltas, the
last such cycle of the Mississippi River delta is studied herein. Previously published sediment thickness maps and borehole
data of the Mississippi valley, delta, and shelf deposits have been compiled to discover how the Mississippi locus of
deposition fluctuated since the Last Glacial Maximum (LGM). This investigation also compared calculated river derived
sediment volumes during the last 20ky to deduce the volume and rate of sediment that bypassed the shelf onto the slope.

The suspended sand discharge for the Mississippi was calculated through time by using water discharge values
computed by Wickert, 2016. The regression line Nittrouer et al (2012) found relating water discharge and sediment
discharge for the modern day Mississippi River at Belle Chasse was then use to convert these water discharges to
sediment discharges. However, it was found that this relationship for the modern day Mississippi did not hold true for the
Mississippi River of the past, particularly during periods of high discharge, such as when the Mississippi’s discharge was
seven times higher than present, as occurred when the glaciers were undergoing rapid retreat (Wickert, 2016). A sediment
discharge model more suited to this task needs to be discovered before further analysis can begin. Another problem was
manifested, potentially as a result of the aforesaid one, in the comparison of the sediment discharge volumes with the
flooding volumes, with the flooding volumes always being orders of magnitude lower than the sediment discharge volumes,
even in cases when we know that the deltas were in prograde, this directly contradicts what was hypothesised by this study,
and will need to be investigated in greater depth before further progress can be made.

Figure 1: Map of data used, showing the outline
of the alluvial valley mapped by Fisk (1944) using
16,000 well logs, and the location of the 634
onshore and 198 offshore well logs compiled by
Kulp (2000) which were used to generate structure
maps of the Late Wisconsin Unconformity and the
substratum-topstratum boundary. Kulp (2000)’s
dataset included an agglomeration of well logs
collected by previous studies by Dunbar (1984)
on the onshore deltas and by Coleman & Roberts
(1988) on the shelf margin deltas. However, Kulp
(2000) did not include all of the well logs collected by
these two previous studies in his dataset, and these
remain unpublished.

Figure 9: Mississippi water discharge models for the past
20 ka, as examined by Wickert, 2016. For this analysis,
the ICE-6G/VM5a model, as seen in red, was used, as
this had been shown by Wickert (2016) to best fit the
known Mississippi discharge history.
Figure 2: The Entrenched Valley
System as mapped by Fisk (1944).

Summary of Geologic History
At the LGM (19ka) when the sea level was 120 metres below present, the Mississippi River lay entrenched into the shelf,
within its valley, and it built its deltas on the shelf margin. As the base level rose rapidly subsequent to the LGM, the river
filled its valleys with sediment in the ensuing retrogradation and formed depocentres outside the valley. As the rate of sea
level rise decreased, the river’s deltas prograded back outside of its valleys. Digitizing and employing previously published
data showed that shelf depocentres migrated widely from the outer to the inner shelf following sea level rise and had
thicknesses varying between 5–500 metres. This investigation seeks to test the various hypotheses concerning the locus of
deposition during each of the stages of sea level rise. To this end, the sediment deposited in the valley and delta has been
mapped and the volume quantified for each of these stages.

Figure 3: Late Quaternary Glacio-Eustatic Sea Level Fluctuations with Coleman and
Roberts (1988) Marine Isotope Stage based units superimposed. Sea level curve
generated using oxygen isotope data from Miller (2011). Marine Isotope Stages from
Coleman and Roberts (1988) to display their interpretation of the timing of unit
emplacements.
Figure 4: The effect of Late Quaternary
Glacio-Eustatic Seal Level Fluctuations upon
the depositional record, showing initial stream
entrenchment (II) and the out building of shelf
margin deltas during periods of sea level
lowering (III), before the back filling of the
entrenched valleys during rapid sea level rise
(IV), and the eventual progradation of the
deltas as the rate of sea level rise waned (V).
Inspired by Frazier (1974) and using data from
Suter & Berryhill (1985) and Kulp (2000).

Figure 10: Relationship between water and sediment
discharges of the modern Mississippi at Belle Chasse.
From Nittrouer et al, 2012.

Figure 6 (Left): Structure Map of the Late Wisconsin Unconformity at the Base of the substratal deposits that overly the Pleistocene Prairie Formation (Fisk, 1944; Saucier, 1994). Separate rasters for Fisk (1944)’s structure map and
Kulp (2000)’s boreholes were created via Inverse Distance Weighting through the use of ESRI’s ArcMap, as Spline had led to over interpolation. These two rasters were then combined using a mosaic. A clear distinction can be seen
between the two data sets in the morphology of the valleys, with Fisk (1944)’s structure map showing narrow, deeply incised valleys, whereas the raster generated from Kulp (2000)’s boreholes shows a wide gently sloping valley.
Saucier (1994) showed that Fisk’s (1944) interpretation of the well incised valleys was erroneous, as Fisk’s (1944) dataset did not contain many borings on the valley margins, leading to the interpretation of narrowly incised valleys.
Saucier (1994) showed that through a greater number of boreholes equally spaced across the valley, this effect was eliminated. For this reason, where Fisk (1944) and Kulp (2000)’s datasets overlap, Kulp (2000)’s data was selected
for use in interpretation. Saucier (1974, 1994)’s structure maps were not used as his investigations did not map the topstratal deposits as Fisk (1944) and Kulp (2000) had done.
Figure 6 (Right): Structure Map of the substratum-topstratum contact, displaying the change from retrograde phase gravelliferous sand-rich facies to mud-rich regressive deltaic facies.

Conceptualization & Methodology
The idea behind this part of the investigation was to determine at what time and under what conditions the Mississippi River deltas were undergoing progradation and retrogradation during the Glacio-eustatic fluctuations of the
Late Quaternary., this investigation specifically looked at the events of the past 20 ka during the rise in sea level accompanying the end of the Late Wisconsin Glacial Stage. In order to make the determination of when the deltas
were in retrograde or prograde, it was hypothesised that when the total volume of sediment being deposited by the river during a given time interval (VS) eclipsed the volume of space which was flooded by the rising sea level for
that given time period (VFlood), then the river would undergo progradation when VS > VFlood. Conversely, when VS < VFlood, then the river would retrograde. The reasoning behind this hypothesis is that, volumetrically, in order to
prograde during a given period of sea level rise, the river would need to at least fill, if not exceed, the volume of space which was being flooded by the rising seas.

Figure 7 (Upper): Two dimensional visualisation of the flooding volume
with no sediment input. The flooding volume exists as the space between
the sea level at the initial time (T0), the sea level at the final time (T1), and
the surface of the landmass. (Middle): Depiction of situation in
which Vs > 0 but less than flooding volume, showing retrogradation.
(Lower): Depiction of situation in which Vs is positive and greater than
the flooding volume, in which case progradation occurs.

Figure 5: Stratigraphic framework of the shelf margin
deltas, and the substratal and topstratal deposits.
Schematic diagram, not drawn to scale. Based upon
Suter & Berryhill, 1985, and Kulp, 2000.

Figure 11: Mississippi suspended sand discharge
calculated using Wickert (2016)’s ICE_6G/VM5a
model (Figure 9) and Nittrouer et al. (2012)’s relationship
between sand and water discharges for the modern
Mississippi (Figure 10). There can be clearly seen the
failure of this model at periods of high fluvial discharge.

Figure 8: Three situations are examined for this study: When there is no
sediment being added to the system (Upper), when there is sediment being
added to the system (Middle), and when there is sediment being added
and also the effects of subsidence are taken into account (Lower).

Figure 12: Comparison between Mississippi River sediment discharge volumes and flooding volumes, using a logarithmic
scale, which displays flooding volumes as always being below sediment discharge volumes, which is in direct contradiction
of this investigation’s hypothesised relationship.
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