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Abstract

This thesis examines the evolution of a mud-dominated coastal sedimentary
system on multiple time scales. Fine-grained systems exhibit different properties and
behavior from sandy coasts, and have received relatively little research attention to date.
Evidence is presented for shoreline accretion under energetic conditions associated with
storms and winter cold fronts. The identification of energetic events as agents of coastal
accretion stands in contrast to the traditional assumption that low-energy conditions are
required for deposition of fine-grained sediment. Mudflat accretion is proposed to depend
upon the presence of an unconsolidated mud sea floor immediately offshore, proximity to
a fluvial sediment source, onshore winds, which generate waves that resuspend sediment
and advect it shoreward, and a low tidal range.

This study constrains the present influence of the Atchafalaya River on
stratigraphic evolution of the inner continental shelf in western Louisiana. Sedimentary
and acoustic data are used to identify the western limit of the distal Atchafalaya prodelta
and to estimate the proportion of Atchafalaya River sediment that accumulates on the
inner shelf seaward of Louisiana’s chenier plain coast. The results demonstrate a link
between sedimentary facies distribution on the inner shelf and patterns of accretion and
shoreline retreat on the chenier plain coast.
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Chapter 1. Introduction and Background

1.1. Motivation

The goal of this study is to improve constraints on the factors that govern coastal
geomorphic evolution and near-shore sedimentation along the mud-dominated shoreline
west of the Atchafalaya River outlet, Louisiana. The results presented directly address
several important “gaps in knowledge” perceived by the scientific community regarding
mud-dominated coasts: understanding erosion/accretion cycles on mudflats,
quantification of coastal erosion and muddy coast land loss over time, and “short and
long-term macroscale evolution of muddy coast topography due to episodic events
against a background of longer term environmental forcing and human influence” (Wang
et al.,, 2002a). To approach these research problems and to enhance the current
understanding of sedimentary processes on this coast, this study has examined temporal
and spatial evolution of coastal geomorphology, near-shore sedimentary facies, and

stratigraphic development on the inner continental shelf.
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Mud-dominated shorelines are common worldwide, found on every continent
except Antarctica, in areas that receive an abundant and continual supply of fine-grained

sediment (Wang et al., 2002a). A muddy coast has been defined as

3

a  sedimentary-morphodynamic type characterized
primarily by fine-grained sedimentary deposits —
predominantly silts and clays - within a coastal
sedimentary environment. Such deposits tend to form rather
flat surfaces, and are often, but not exclusively, associated
with broad tidal flats.”

- Scientific Committee on Oceanic Research,
Working Group No. 106 (Wang et al., 2002b).

Coastal morphology associated with mud-dominated coasts may include not only
broad tidal flats, but also enclosed sheltered bay deposits, estuarine coastal deposits, inner
deposits of lagoons enclosed by barrier islands, storm-surge (backshore) deposits, swamp
marshes and wetlands, mangrove forests and swamps, ice-deposited mud veneer (as in
the Arctic), and sub-littoral mud deposits (Wang et al., 2002b). The most extensive
muddy coastal regions are tropical mangrove swamps and temperate salt marshes
(Flemming, 2002), which comprise over 75% of the global shoreline between 25°N and
25°S (e.g., Chapman, 1974; see Flemming, 2002 for an extensive review of the global
distribution of muddy coasts).

Despite their common occurrence, mud-dominated shorelines have received little
research attention relative to sand-rich coastal environments. While the dynamics of
shoreline evolution on sandy beaches have been heavily studied (e.g., Inman and Filloux,
1960; Aubrey, 1979; Bruun, 1983; Niederoda et al., 1984; Wright and Short, 1984;
Clarke and Eliot, 1988; Eliot and Clarke, 1988; Wright et al., 1991), even fundamental
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questions of sediment transport, geomorphic evolution, ecosystem development, and
human impact on muddy coasts are still in the nascent stages of investigation (e.g., Wells
and Coleman, 1981a; Rine and Ginsburg, 1985; Gorsline, 1985; Kirby, 2000; Wang et
al., 2002a). Inherent differences in sediment properties and behavior between sandy and
muddy coastal systems render models inapplicable to muddy coasts that effectively
predict evolution of sandy beaches (Kirby, 2000; 2002). Much additional research is

therefore needed to enhance understanding of mud-dominated shorelines.

1.1.1. Previous Work

The last several decades have seen substantial advancement in the study of
cohesive sediment behavior. Laboratory and theoretical studies by H. A. Einstein (1941),
R. B. Krone (1962, 1963) and members of the Delft Hydraulics Laboratory (1962)
showed that suspended sediment composed of silt and clay particles forms a non-
Newtonian (thixotropic) “fluid mud” (concentrations >10 g/l) and attains a yield strength;
at concentrations on the order of 100s g/l, the consistency of fluid mud resembles that of
yogurt. Subsequent laboratory investigations by Einstein and Krone (1962) and field and
laboratory studies by A. J. Mehta and others during the 1980s and 1990s have provided
valuable insight into the behavior of cohesive sediment and the development of fluid mud
layers in coastal and estuarine systems (e.g., Mehta, 1988; Ross and Mehta, 1989; Kranck
et al., 1993; Kineke et al., 1996; Lee and Mehta, 1997; Vinzon and Mehta, 1998; Li and
Mehta, 1998). Comprehensive reviews of studies concerned with cohesive sediment
properties and behavior have been compiled in volumes from the International

Conferences on Cohesive Sediment Transport (INTERCOH; Mehta, 1986, 1993; Mehta
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and Hayter, 1989; Burt et al., 1997, McAnally and Mehta, 2001; Winterwerp and
Kranenburg, 2002).

Despite the twentieth-century proliferation of laboratory investigations devoted to
fine-grained sediment (Mehta et al., 1994), field research remained sparse, and limited to
estuarine systems, until the 1980s. Early studies by Postma (1961) in the Dutch Wadden
Sea, by Eisma and Van der Marel (1971) in Guiana, by Allen (1971) and Allen et al.
(1977) in the Gironde estuary of France, and by Kirby and Parker (1983) in the Severn
estuary, U.K., were among the first field investigations of mud-rich shorelines.
Additional studies of South American and Korean coasts were conducted in the early
1980s (e.g., Wells and Coleman, 1981a, b; Wells, 1983; Rine and Ginsburg, 1985),
forming the basis for future work in the same regions.

Based on those studies and on contemporaneous investigations of the Louisiana
coast (Wells and Kemp, 1981; Wells and Roberts, 1981), wave attenuation over a mud-
rich sea bed was documented. This notable property of mud-rich coasts had long been
known to mariners, who take shelter in calmer muddy waters near shore during storms
(e.g., the western Louisiana “mud hole”). Low wave energy is a common feature of many
mud-dominated coastal environments (Wells, 1983; Kemp, 1986; Lee and Mehta, 1997).
The mechanism by which wave energy is attenuated over a fluid mud sea bed remains
uncertain and requires further investigation. Several possible explanations for dampening
of wave energy have been proposed: internal friction within a fluid mud layer, boundary-
layer friction at the sea floor, and dissipation of incoming wave energy into a fluid sea
bed by propagation of a wave within viscous mud (Wells, 1983; Lee and Mehta, 1997;
see Mehta et al. [1994] for a review of modeling studies of the interaction between waves

and fluid mud). Viscous dissipation into soft mud is believed to be a particularly
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important process by which wave energy is attenuated; the viscosity of mud can be up to
four orders of magnitude greater than the viscosity of water (Lee and Mehta, 1997). As a
result of substantial wave attenuation near mud-rich coasts, incoming sinusoidal wave
forms are reduced to low-amplitude wave fronts that approximate solitary wave crests
and often do not break (e.g., Wells and Coleman, 1981a; Wells, 1983; Kemp, 1986). This
reduced wave energy is linked to reduced shear stress over the seabed, encouraging
deposition of suspended sediment carried by incoming waves (Wells and Roberts, 1981).
This pattern is thus opposite to that which occurs as waves shoal on sandy beaches, where
wave height and corresponding basal shear stress increase as waves approach the coast
and eventually break in shallow water.

The reduction of incoming wave energy due to an unconsolidated muddy sea bed
near shore has a profound effect on the potential impact of storms on a mud-dominated
coast, a topic explored in detail during this research. Field study of mudflats during the
1980s in Surinam (Rine and Ginsburg, 1985) and Louisiana by H. H. Roberts and O. K.
Huh led to the observation that large quantities of mud may be deposited at the shoreline
under energetic conditions (Roberts et al., 1987, 1989; Huh et al., 1991). This finding
highlights another fundamental difference between sand- and mud-dominated coasts:
while storms erode the shoreface of a sandy beach, storms on muddy coasts can, under
certain circumstances, be agents of coastal accretion (e.g., Wells and Roberts, 1981; Rine
and Ginsburg, 1985). This contradicts traditional assumptions that very low-energy
environmental conditions are required for settling and deposition of fine-grained
sediment.

The role of fluid mud in sediment transport and coastal morphology was

investigated in detail during the AmasSeds project (A multi-disciplinary Amazon shelf
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Sediment study) conducted during the early 1990s. Results from that study documented
layers of fluid mud up to several meters thick on the middle continental shelf of Brazil,
and showed that most sediment released from the Amazon River is transported within
these bottommost layers and not in the surface plume (Kineke and Sternberg, 1995;
Kineke et al., 1996). In addition to providing a mechanism by which large volumes of
sediment are distributed on the shelf, fluid mud layers on the Amazon shelf were shown
to dictate the vertical extent of boundary layer turbulence on the shallow shelf, limit
mixing of saline and fresh water near the river mouth, and affect propagation of the tidal
wave (e.g., Trowbridge and Kineke, 1994; Allison et al., 1995a, b; Geyer, 1995; Kineke
et al., 1996).

The results of the AmasSeds project have provided the impetus for a five-year
study of the role of fluid mud in sediment transport and wave attenuation on the
Louisiana coast directed by Gail C. Kineke of Boston College, supported by the Office of
Naval Research. Southwestern Louisiana was chosen for this study because it shares
many similarities with other major mud-dominated shorelines of the world, including
proximity to a source of abundant fine-grained sediment, in this case the Atchafalaya
River. Five cruises were conducted with the R/V Pelican on the continental shelf west of
the Atchafalaya River outlet, in October 1997, March 1998, April 1998, February 1999,
and March 2001. These cruises allowed observations over a range of environmental
conditions including energetic conditions associated with cold front passage, variable
wave energy and river discharge, and therefore variable salinity and suspended sediment
concentration. Results from this work have demonstrated the ability of waves associated
with cold front passage to induce sediment resuspension on the inner shelf and net

transport toward shore (Kineke et al., 2001). The documentation of shoreward sediment
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transport during cold fronts supports and explains post-front field observations of mudflat
deposition by Roberts et al. (1987) and Huh et al. (1991), and is a crucial step necessary
to address the evolution of mudflats described in this study. Additional results of the
Atchafalaya project, presented by Allison et al. (2000a), allowed quantification of
seasonal and long-term deposition rates on the inner shelf west of the Atchafalaya River,
information relevant to this study of inner shelf stratigraphic evolution.

Specific topics addressed by this thesis include the link between episodic
energetic events and coastal mud deposition, stratigraphic facies variability and
development along and across the inner shelf, and patterns of westward migration of
sediment from the Atchafalaya River. The knowledge gained from this thesis project
complements previous water-column observations (Kineke et al., 2001); together these
data sets are used here to assess the influence of a muddy substrate and associated
hydrodynamic processes on the development of coastal morphology and inner shelf

stratigraphy.

1.2. Field Area

1.2.1. The Mississippi-Atchafalaya River System

The Atchafalaya River is a distributary of the Mississippi River system that lies at
the extreme western edge of the vast Mississippi delta complex. The Mississippi is the
largest river in North America, with a drainage basin that covers 3,344,560 km?, spanning
the North American craton from the Rocky Mountains to the Appalachians and extending

just north of the Canadian border (Figure 1-1). The drainage basin has existed in its
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present configuration since Jurassic time (e.g., Mann and Thomas, 1968); the Mississippi
River system has been active throughout the Cenozoic era -and includes as major
tributaries the Ohio, Missouri, and Arkansas Rivers.

During Holocene sea level rise, since approximately 7000 years before present,
the Mississippi River built a series of delta lobes onto the continental shelf of the
northern Gulf of Mexico (Figure 1-2). Each delta lobe covers an area of approximately
30,000 km?, has an average thickness of 35 m, and was at one time the primary locus of
river deposition (Frazier, 1967; Coleman, 1988). Approximately every 1500 years, the
center of active deposition has changed as the river has found a more hydraulically
efficient path to the Gulf, abandoning one lobe and building another at the terminus of the
new distributary. As a consequence, the Mississippi Delta complex now contains six
major lobes. Four are relict features that no longer receive sediment but are subsiding and
being reworked by waves at their outer edges. The fifth, the Balize delta lobe, has been
the modern depocenter at the mouth of the active Mississippi channel for the past
800-1000 years, but its rate of seaward progradation has diminished over time (Coleman,
1988; Saucier, 1994; Roberts, 1997). The sixth, at the mouth of the Atchafalaya River,
represents a new lobe being built as the Mississippi has begun to abandon its course to
the Balize lobe in favor of the Atchafalaya route.

The surface of the Atchafalaya River is typically ~5 m below that of the
Mississippi at the capture site, providing a hydraulic head difference that encourages
abandonment of the modern Mississippi course in favor of the Atchafalaya route. In
addition, the distance to the sea is 226 km along the Atchafalaya River compared with
533 km to the Mississippi mouth across the Balize delta lobe, giving the Atchafalaya

route a gradient advantage (Figure 1-3; e.g., Van Heerden and Roberts, 1980, 1988).
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Diversion of the Mississippi to the Atchafalaya River occurred during the 15" century, as
a meander bend of the Mississippi (later called Turnbull’s bend) migrated westward
across its floodplain and intersected the Red River, whose course below Turnbull’s bend
was known as the Atchafalaya.' As settlement of southern Louisiana increased over the
next three centuries, progressive stream capture by the Atchafalaya threatened the loss of
fresh water and transportation available on the lower Mississippi, to the detriment of New
Orleans and many major industrial establishments. In the 1830s the first attempts were
made to halt the diversion of flow into the Atchafalaya; an engineer by the name of Major
Thomas Shreve supervised the dredging of a channel (“Shreve’s Cut”) that straightened
the Mississippi at Turnbull’s bend, encouraging flow down the main Mississippi route
once again. The removal in the 1880s of a 30-mile-long log jam that had choked the
upper Atchafalaya River for decades, however, reduced the effectiveness of Shreve’s Cut
by facilitating flow down the Atchafalaya via the southern segment of Turnbull’s bend,
which became known as Old River (US Army Corps of Engineers, 2002a).
Commissioned by Congress, the Army Corps of Engineers began an ambitious
project in the 1950s to prevent total capture of the Mississippi by the Atchafalaya River.
This involved the construction of a control structure at Old River, where Mississippi flow
enters the Atchafalaya River. The goal of the control structure is to maintain the
proportion of discharge in each river course that occurred in 1950. At that time the
Atchafalaya carried nearly 30% of the combined Red-Mississippi discharge. Since the
completion of the control structures in 1963, the Atchafalaya has been allowed to carry
up to that much of the combined flow; its typical non-flood load, however, includes
around 19% of the Mississippi sediment and water load (Mossa, 1996). The Old River

Control Complex today consists of four structures: the Old River Low Sill structure, the
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Auxillary Structure (built after high floods in the 1970s caused severe damage to the Low
Sill), the Overbank Structure (used only in very high water), and the Sidney A. Murray
Hydroelectric station. The first three are operated by the Army Corps of Engineers. The
fourth, owned and operated by Louisiana Hydroelectric, Inc., has carried 80 to 90% of the
Atchafalaya flow since 1990 (J. Austin, US Army Corps of Engineers, pers. comm.). The
long-term viability of this attempt to prevent stream capture in this manner has been met
with skepticism by some, though the control structure has thus far succeeded in
maintaining a relatively constant proportion of discharge to the Atchafalaya River.

As the discharge carried by the Atchafalaya naturally increased prior to
construction of the control structures, its sediment gradually filled intrabasin lakes and
swamps (e.g., Tye and Coleman, 1989). Before 1950, much of the Atchafalaya sediment
was trapped in ponds and swamps before it reached the coast. By the 1950s these had
become largely filled, and silt and clay were carried to the mouth of the Atchafalaya
where a subaqueous delta began to be built in shallow Atchafalaya Bay (Rouse et al.,
1978; Van Heerden and Roberts, 1980; 1988; Roberts et al., 1997). Subaerial exposure of
the Atchafalaya Delta was first noted after floods of the early 1970s brought unusually
high volumes of sediment downstream. It has been estimated that the Atchafalaya now
carries approximately 84 x 10° metric tons of sediment annually into the shallow shelf
region (Allison et al., 2000a), in comparison to the ~210 x 10° metric tons of sediment

carried by the combined Mississippi-Red-Atchafalaya system.

1.2.2. Coastal Land Loss in Louisiana
Coastal land loss is one of the state’s most serious environmental concerns (e.g.,

Penland et al., 2000). Louisiana contains approximately 40% of the wetlands in the
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United States, and an estimated 80% of the nation’s annual loss of wetland area occurs in
Louisiana (over 100 km?® per year; Gagliano et al., 1981; Penland and Ramsey, 1990).
Louisiana’s rates of coastal submergence are the highest in the United States, with an
average rate of shoreline retreat of 4.2 m/yr (Penland and Suter, 1989; Penland et al.,
1990; Westphal et al., 1991; Williams, 1994). In comparison, the average rate for the
Gulf of Mexico shoreline is 1.8 m/yr, the U. S. Atlantic coast erodes at an average rate of
0.8 m/yr, and the Pacific coast experiences no net shoreline change (Penland et al., 1990).
The most rapid land loss in Louisiana occurs on barrier islands that fringe the abandoned
delta lobes on the Mississippi delta plain.

Land loss occurs due to natural processes of eustatic sea level rise, delta switching
(which removes the sediment supply from old delta lobes), subsidence and compaction of
land (in particular, abandoned delta lobes), and is exacerbated by episodic storm events.
Human impact has also contributed to coastal land loss, by the construction of levees
along nearly all of the Mississippi River course and those of its distributary channels.
Levees block sediment from reaching coastal marshes by preventing overbank
sedimentation and crevasse splays that would occur naturally. Dredging of navigation
canals through wetlands inhibits natural drainage of marshes, and subsurface withdrawal
of oil and natural gas contributes to subsidence of the land. Largely due to subsidence on
the low-gradient coastal plain, the rate of relative sea level rise on the Louisiana coast is
substantially greater than that of eustatic sea level rise (0.3 cm/yr); relative sea level rises
at 1.21 cm/yr on the Mississippi delta plain, and at 0.45 cm/yr on the chenier plain of

southwestern Louisiana, west of the delta complex (Penland and Suter, 1989).
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1.2.3. The Chenier Plain Coast

Given the widespread and rapid coastal retreat occurring on most of Louisiana’s
shoreline, the presence of accreting mudflats downdrift of the Atchafalaya River, on a
section of coast known as the southwestern Louisiana chenier plain, is unique. Mudflat
progradation has been observed in this region during several previous studies (Morgan et
al., 1953; Morgan and Larimore, 1957; Adams et al., 1978; Wells and Roberts, 1981) and
is @ major focus of this thesis work.

The chenier plain shoreline begins approximately 150 km west of the Atchafalaya
River outlet and extends ~200 km west (Figure 1-3). The chenier plain includes shore-
parallel ridges 1 to 3 m high composed of coarse sand and shells, alternating with low-
lying marshes that represent relict progradational mudflat zones (Gould and McFarlan,
1959; Byrne et al., 1959; Beall, 1968; Hoyt, 1969; Otvos and Price, 1979). This shoreline
has been determined by radiocarbon dating to have developed beginning approximately
3000 years ago (Gould and McFarlan, 1959) as mudflats prograded during times when
the Mississippi River delivered sediment to the western edge of the delta complex. It is
believed that as delta-switching processes shifted the sediment supply to a new lobe
farther east, eliminating contribution to mudflat growth on the chenier plain, earlier
deposits were reworked and the coarse lag sediment was concentrated into the ridges that
separate marsh zones. Mudflat progradation and chenier ridge development are therefore
linked to Holocene sea level history and also to delta switching events (e.g., Russell and
Howe, 1935; Gould and McFarlan, 1959; Otvos and Price, 1979; Penland and Suter,
1989; Augustinus, 1989).
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Similar chenier plains are common in other mud-rich coastal environments. Their
presence has been documented, for example, on the Guyana-Surinam-French Guiana
coast of South America (Daniel, 1989; Prost, 1989, Augustinus et al., 1989), in England
(e.g., Greensmith and Tucker, 1969), along the Chinese coast (Xitao, 1986, 1989;
Qinshang et al., 1989; Wang and Ke, 1989; Saito et al., 2000), in western Africa
(Anthony, 1989), on the northern coast of Australia (Wright and Coleman, 1973; Short,
1989), on the North Island of New Zealand (Woodroffe et al., 1983), on marine and
inland sea coasts of the former Soviet Union (see Shuisky, 1989, for a summary) and on

the Mekong delta of southern Vietnam (e.g., Nguyen et al., 2000).

1.2.4. Near-Shore Oceanic Conditions

The coast and inner continental shelf of western Louisiana is a sedimentary
system generally exposed to low wave energy and low tidal forcing that experiences
episodic passage of higher-energy storms and cold fronts. The mean tidal range on the
chenier plain coast is 0.45 m, and tidal currents are therefore relatively weak (e.g., Adams
et al., 1982; Kemp, 1986). In shallow water of the northwestern Gulf of Mexico, a
prevailing westward coastal current occurs in response to Coriolis deflection of fresh-
water discharge from the Mississippi and Atchafalaya Rivers (e.g., Cochrane and Kelley,
1986; Geyer et al., in press). This coastal current flows across the western Louisiana
inner shelf at approximately 0.1 m/s within the 10 m isobath. In deeper water seaward of
the continental shelf, the larger Loop Current entrains the majority of Gulf water in
anticyclonic circulation. Wave energy on the southwestern Louisiana coast is typically
low in the absence of approaching cold fronts or tropical depression systems, with a mean

wave height of 1.5 m at 4.5-6 second periods (Wells and Roberts, 1981; Kemp, 1986).
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The northern Gulf of Mexico coast experiences frequent energetic conditions
associated with cold fronts that occur every 4-7 days during fall, winter, and early spring
(e.g., Moeller et al., 1993). Occasional hurricanes and tropical storms affect this coast as
well. On average, Louisiana experiences tropical storms (with winds greater than 17.2
m/s) every 1.6 years. Hurricanes (with winds over 33.3 m/s) cross some part of the

Louisiana coast every 4.1 years (Penland and Suter, 1989).

1.3. Project Design

Field research, laboratory work, and analysis of aerial surveys were designed to
test two hypotheses. The first, based on work by Roberts, Wells, Huh, and others, holds
that sediment derived from the Atchafalaya River is responsible for causing widespread
accretion on the chenier plain, locally reversing the statewide trend of coastal erosion.
Wells and Roberts (1981) concluded, for instance, that due to the increase in discharge
from the Atchafalaya River “the erosional trend is reversing and the western half of the
state is receiving a new pulse of sediment”. Characterization of geomorphic patterns,
from which erosion and accretion have been inferred, was accomplished through field
observations and analyses of aerial photographs with the intention of testing that
assumption.

The second hypothesis, initially based on field observations by Roberts and Huh
in the late 1980s, contends that extensive coastal accretion can occur under high-energy
conditions (Rine and Ginsburg, 1985; Roberts et al., 1987; Huh et al., 1991, 2001). As

discussed above, this intriguing idea contradicts traditional beliefs that storms are
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exclusively erosive events on shorelines and that deposition of fine-grained sediment in a
coastal environment requires quiescent, low-energy conditions. The link between
energetic environmental conditions and the accumulation of mud onshore was studied
using aerial photographs, video surveys, and meteorological records combined with
water-column observations made by Gail Kineke.

In addition to testing the two hypotheses posed above, a further goal of this study
was to assess the influence of the Atchafalaya River on stratigraphic evolution of the
inner continental shelf adjacent to the chenier plain. The western extent of the modern
Atchafalaya prodelta, and subsequent variability of stratal geometry on the inner shelf,
have been investigated using sediment cores and acoustic data. Sedimentary facies
variability associated with westward migration of the Atchafalaya prodelta has been
evaluated and linked to patterns of coastal geomorphic evolution, from which general
inferences may be made regarding processes of fine-grained sediment dispersal in this
shallow marine environment.

The chapters to follow incorporate data from field observations and sediment
cores collected near shore during the March 2001 cruise of the R/V Pelican (Kineke,
2001a). A later cruise in June 2001, using the R/V Eugenie, was curtailed due to the
arrival of a tropical storm. Although no data could be collected offshore at that time, the
circumstances enabled observation of storm-induced flooding on coastal marshes,
relevant to subsequent investigations of storm impact on this shoreline. During a third
cruise, with the R/V Eugenie in July 2001, sediment cores and shallow sub-surface
acoustic data were collected on the inner shelf that faces the same section of the shoreline
studied during the March 2001 field work. The effect of high-energy environmental

conditions on coastal morphology was investigated in detail using twenty years of
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historical weather records and an extensive collection of aerial photographs and video
surveys maintained by Louisiana State University (LSU) and the Louisiana Geological

Survey (LGS), which were examined during a visit to LSU in the spring of 2002.

1.4. Outline of Chapters 24

Chapter 2 focuses on the coastal environment on the central, eastern, and
northeastern chenier plain as these areas appeared in March 2001. This includes a field-
based evaluation of morphologic variability made using a small boat launched from the
R/V Pelican, which covered 51 km of this shoreline. This field study forms the basis for
mapping zones where mudflat accretion and shoreline retreat appeared to be occurring at
the time of field work. This chapter also includes grain size, porosity, bulk density, and
radio-isotope stratigraphy from cores collected near shore (in ~1 m water depth) in March
2001. These data provide a basis for assessing sedimentologic variability along shore, and
allow comparison of near-shore stratigraphy that occurs immediately seaward of
accreting and retreating coastal areas. Chapter 2 also includes a brief discussion of the
effects of a dredging operation on local coastal morphology.

Chapter 3 examines sub-seasonal to decadal-scale morphologic evolution of this
same stretch of the chenier plain shoreline, utilizing aerial photographs and video surveys
that span 17 years, from 1984 to 2001. Changes in the location and extent of mudflats on
the chenier plain were analyzed in the context of meteorological records, and evidence
for a connection between energetic conditions and mudflat accretion is presented. This

chapter also includes a discussion of decadal-scale shoreline evolution, based on
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measurements made from aerial photographs taken 14 years apart. A discussion of other
mud-dominated coasts is presented, in order to provide a global context for the response
to energetic events that has been observed on the Louisiana chenier plain. Chapter 3
concludes with a brief examination of the occurrence of prograding muddy shoreline
environments that have been identified in the geologic record.

In Chapter 4, the area of focus has been expanded to include the inner continental
shelf seaward of the central, eastern, and northeastern chenier plain. This section presents
stratigraphic, isotopic, and X-radiograph data from cores collected along the 10 m isobath
during the R/V Eugenie cruise in July 2001. Used in conjunction with acoustic reflection
data collected simultaneously from the same area using an echo sounder, these data
address factors that control stratal geometry and stratigraphic evolution. The results
presented have allowed identification of the westward limit of the Atchafalaya prodelta.
Stratigraphic development on the chenier plain inner shelf is tied to processes of
depocenter migration within the larger context of the Mississippi Delta system. A
connection is established between the distribution of sedimentary facies on the inner shelf
and the observed patterns of coastal geomorphic development discussed in Chapters 2
and 3. Chapter 4 concludes with a discussion of the expected future evolution of the

chenier plain sedimentary system.

' Hacha falaia is Choctaw for river long.
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Figure 1-1. Drainage basin and major tributaries of the Mississippi River system.
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Figure 1-2. Based on Frazier (1967). Major delta lobes of the Mississippi delta complex,
Louisiana. Numbers indicate chronological order of lobe activity, from the oldest
(Maringouin, 1) to youngest (Atchafalaya, 6). The modern (Bahize) and Atchafalava
lobes receive sediment today; the Maringouin, Teche, St. Bernard and Lafourche lobes
are relict features that are now subsiding and being reworked by waves. Each lobe is
composed of multiple smaller sub-lobes. The active river course may migrate between
sub-lobes of different complexes; more than one course may be active simultaneously.

Ages of activity vary substantially between studies.
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Figure 1-3. Map of the Louisiana coast, centered on region of Atchafalaya
stream capture. The Atchafalaya distributary has captured the Mississippi
flow. The lower hydraulic head of the Atchafalaya River surface at the Old
River capture point, combined with a steeper gradient of its course relative to
that of the main Mississippi route, encourage abandonment of the main Mis-
sissippi channel in favor of the Atchafalaya course. The Army Corps of Engi-
neers has built a control structure at Old River to regulate the proportion of
Mississippi discharge flowing down the Atchafalaya at no more than 30%.




Chapter 2. Chenier Plain Coastal Morphology and Sedimentation

Abstract

Rates of coastal land loss in Louisiana are the highest in North America due to a
combination of rising sea level, subsidence, and reduced sediment supply as depocenters
migrate within the Mississippi Delta. Along Louisiana’s chenier plain, downdrift of the
Atchafalaya River outlet, mudflat accretion has been observed, in contrast to the
statewide trend of coastal retreat. During this study, patterns of coastal morphology were
assessed along 51 km of the chenier plain. This survey identified alternating areas of
erosion (shoreline retreat) and mudflat accretion along the central, eastern, and
northeastern chenier plain (between Little Constance Lake and Chenier au Tigre).
Accretion and progradation were found to be more areally limited than previous studies
have indicated. Pronounced accretion is inferred on the eastern chenier plain,
immediately downdrift of the Freshwater Bayou shipping channel. Field observations,
examination of aerial photographs, and isotopic analyses of sediment samples from near-
shore cores indicate that accretion on the eastern chenier plain, fed by sediment discharge
from the Atchafalaya River and aided by winter cold front activity, is enhanced by

dredging activity in the Freshwater Bayou channel. Stratigraphic analyses of ten cores
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collected near shore allow resolution of along-shore variability in sedimentary facies

along this coast.

2.1. Introduction: Chenier Plain Development

This study focuses on the chenier plain coast of southwestern Louisiana, a coastal
environment that experiences morphologic and sedimentary processes distinct from those
of the marshes and sandy barrier islands associated with the Mississippi Delta complex.
The chenier plain shoreline, a relatively linear section of the coast that receives fine-
grained sediment from the Atchafalaya River, was chosen for detailed assessment of
meter-scale variations in coastal morphology and near-shore sediment composition. The
goal of this study is to revisit earlier assessments of localized accretion and erosion along
this dynamic shoreline by conducting the first detailed field survey of chenier plain
erosion, accretion, and near-shore sedimentology made in the past two decades, and to
examine more closely a rapidly prograding zone identified downdrift of Freshwater
Bayou (Figure 2-1). In addition to evaluating natural sediment transport processes, this
study also assesses the local effects of dredging on coastal morphology of the Freshwater
Bayou area, using isotope profiles of sediment cores to identify dredged material that had
been recently deposited and reworked. The results of this near-shore sedimentary study
form the basis for the assessment of temporal evolution of shoreline morphology
addressed in Chapter 3, and for development of a regional sedimentary picture discussed

in Chapter 4.
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2.1.1. Definition and Geomorphology of the Chenier Plain

The chenier plain coast, downdrift of the Atchafalaya River outlet, extends ~200
km west from Chenier au Tigre (Figure 2-1b) into eastern Texas. This shoreline is
characterized by shore-parallel ridges up to 3 m high composed of relatively coarse sand
and shells, alternating with relict progradational mudflat zones (Gould and McFarlan,
1959; Byme et al., 1959; Beall, 1968; Hoyt, 1969; Otvos and Price, 1979). Several of
these ridges are indicated in Figure 2-2. The term ‘chenier’ is derived from the Cajun-
French word for ‘oak’, the dominant trees and shrubs that have colonized the ridge crests.
The chenier plain developed during late Holocene sea level rise beginning approximately
3000 years before present (Gould and McFarlan, 1959) as mudflats prograded during
times when a major distributary of the Mississippi River was located at the western edge
of the large Mississippi Delta complex to provide a sediment source. It is believed that as
delta-switching processes shifted the Mississippi depocenter to the eastern part of the
delta, greatly reducing sediment supply to the chenier plain, earlier deposits were
reworked and the coarse lag sediment was concentrated into the 1-3 m high ridges now
apparent. Episodes of mudflat progradation and ridge development can thus be tied to
Holocene sea level history and also to delta lobe abandonment (e.g., Russell and Howe,
1935; Gould and McFarlan, 1959; Otvos and Price, 1979; Penland and Suter, 1989;
Augustinus, 1989; Kirby, 2000, 2002).

The mud deposits that separate five major sand-and-shell chenier ridges are
typically composed of clay and fine silt, fining upward and modified by later growth of
vegetation (Byme et al., 1959; Beall, 1968). Such mudflats are believed to have been
built up largely by progressive accumulation of unconsolidated mud onshore during

seasonal cold fronts (e.g., Roberts et al., 1989) at times when these now inter-ridge
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lowlands were exposed directly to the ocean; a lack of extensive bioturbation in modern-
day chenier plain mudflats further suggests rapid sediment deposition (Beall, 1968).
Today, continual growth of freshwater marsh vegetation covers these relict mudflat
deposits that lie between chenier ridges. A detailed summary of stratigraphic

classification on the chenier plain has been compiled by Penland and Suter (1989).

2.1.2. Recent Chenier Plain Accretion

Episodic mudflat accretion has been observed along the chenier plain coast since
the mid-twentieth century. A number of studies (e.g., Morgan et al., 1953; Morgan and
Larimore, 1957; Morgan, 1963; Adams et al., 1978; Wells and Kemp, 1981; Wells and
Roberts, 1981) have documented transient mudflat development there, and episodic
accretion on the chenier plain has been correlated with pulses of increased sediment
discharge from the Atchafalaya River (e.g., following subaerial delta emergence in the
1970s; Wells and Kemp, 1981). Accretion of fine-grained sediment on this coast has
often been noted to occur in discontinuous zones directly adjacent to areas experiencing
active shoreline retreat, and mudflat development is characteristically short-lived;
mudflats on the chenier plain are often ephemeral features that persist on time scales of
weeks to months (Wells and Kemp, 1981). In recent years the presence of an unusually
persistent zone of rapid mudflat accretion, active continuously since the late 1980s, has
been documented directly west of Freshwater Bayou on the eastern chenier plain (Roberts
et al., 1989; Huh et al., 2001).

The processes by which fine-grained sediment is deposited as mudflats along the
chenier plain, both in the modern environment and presumably during development of

relict mudflats that separate chenier ridges, are linked to unique physical properties of
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concentrated fluid muds. Wells (1983) and Kemp (1986) noted the dampening effects of
an unconsolidated mud sea bed on coastal wave energy. The reduction of shear stress
associated with waves moving over a shallow muddy seabed has been proposed to
promote fine-grained sediment settling and deposition along this coast (Wells and
Roberts, 1981; Kemp, 1986), though processes of wave attenuation over a mud sea floor
are not yet considered to be thoroughly understood.

Deposition and mudflat growth on the chenier plain are aided significantly by
hydrographic conditions that accompany frequent winter cold fronts (e.g., Chuang and
Wiseman, 1983; Roberts et al., 1987, 1989; Moeller et al., 1993; Huh et al., 1991, 2001).
Remote sensing techniques (e.g., Moeller et al., 1993) indicate that the 20 to 40 cold
fronts that affect the Louisiana coast during fall, winter and early spring each year follow
a predictable pattern of wave set-up and set-down capable of transporting large quantities
of fine-grained sediment onshore. As a cold front approaches the coast from the
northwest, long-fetch southerly winds blow toward the advancing front. Southerly winds
generate waves that resuspend sediment, and cause water-level set-up along the coast that
can raise the sea surface elevation by 0.30 to 1.22 m (Boyd and Penland, 1981; Chuang
and Wiseman, 1983; Roberts et al., 1987, 1989; Penland and Suter, 1989). Wave set-up
brings water and suspended sediment onshore (Chapter 3). Rapid wave set-down then
accompanies post-frontal northerly winds, stranding large quantities of mud onshore as
water drains seaward and off of the mudflat. Field observations (e.g., Huh et al., 1991)
have shown that the resulting deposits consist of gel-like fluid mud that may desiccate
and harden into polygonal bricks up to 0.2 m thick that are believed to “armor” the coast
against future wave attack (Figure 2-3). Although substantial onshore deposition of mud

derived from the continental shelf can occur during major hurricanes (Morgan et al.,
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1958; see Chapter 3), the cumulative effect of less powerful but more frequent cold fronts
is thought to have a greater impact on chenier plain morphology over time (e.g., Roberts

etal., 1989).

2.1.3. Near-Shore Stratigraphic and Geomorphic Characterization

To evaluate modern geomorphology and near-shore sedimentation on the
Louisiana chenier plain, a combination of km-scale field survey and individual site
analyses have been employed. Facies analyses of sediment cores allow detailed
characterization of the sediment that comprises the near-shore region of the chenier plain.
Stratigraphic characterization was accomplished during this study through grain size
analyses, facies description, and isotope geochemistry.

This study utilizes "’Cs, an isotope with a 30-year half-life that was introduced to
the environment during testing of hydrogen bombs beginning in the 1950s, and *°Pb, a
naturally-occurring daughter product of 2*U with a half-life of 22.3 years. '*’Cs has been
almost entirely removed from the atmosphere by rainfall, and is now introduced to the
marine environment primarily via sediment that has been eroded from land and
discharged by rivers into the ocean (e.g., Smith and Ellis, 1982). ?'°Pb in the marine
environment has several sources: delivery by fluvial discharge, fallout to surface water
following its production in the atmosphere from the decay of *’Rn gas, production in
seawater from its parent and grandparent isotopes, and production from ***Ra in marine
sediment. The amount of *Pb in sediment produced in situ by continual **Ra decay (via
*2Rn, with a 3.8-day half-life) is referred to as the supported 2'°Pb level. Because the
half-life of ***Ra is long (1622 years), supported *'°Pb is produced in marine sediment by

%Ra decay for thousands of years after its deposition and isolation from other *°Pb
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sources. Unsupported, or excess, 'Pb, is that amount of 2'°Pb (in excess of the supported
level) that is present in fluvial sediment upon initial deposition, plus that which is
adsorbed from seawater by sediment. Supported values of '°Pb in a sediment sample can
be identified by measurement of *“Pb, an intermediate daughter product between *’Rn
and 2'°Pb (half-life 26.8 minutes) that is assumed to be in secular equilibrium with 2'°Pb.
Levels of excess 2'Pb, the difference between total and supported *°Pb, may then be used
to evaluate sedimentation history. 2'°Pb and "*'Cs have been used together in other near-
shore environments to estimate accumulation rates and deposition age of sediment (e.g.,
Duursma and Gross, 1971; Nittrouer, 1978; Nittrouer et al., 1979; Smith and Walton,
1980; Smith and Ellis, 1982; DeLaune et al., 1983; Buesseler and Benitez, 1994; Allison
et al., 1995a, b, 1998, 2000a; Jaeger and Nittrouer, 1995; Kuehl et al., 1995, 1997;
Sommerfield et al., 1995; Goodbred and Kuehl, 1998; Noller, 2000).

2.2. Methods of Modern Chenier Plain Characterization

Field observations, isotopic and sedimentological analyses of sediment cores, and
aerial photographic interpretation were used to assess patterns of erosion (shoreline
retreat) and accretion active along the chenier plain in March 2001. Understanding
sedimentary and geomorphic trends in the near-shore environment, based on these
analyses, forms the basis for further investigations of regional-scale facies evolution and

coastal response to energetic events.
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2.2.1. Coastal Characterization Survey

Using a small boat launched from the R/V Pelican during two weeks in March
2001, a coastal characterization survey was conducted along 51 km of the chenier plain
between Little Constance Lake and Chenier au Tigre (central, eastern, and northeastern
chenier plain; Figure 2-1b). This survey categorized sections of shoreline as accreting or
eroding based upon field observations of geomorphology, types and distributions of
sedimentary facies, and patterns of vegetation. The term “erosion” used in the context of
this study implies landward advance of the water line across backshore marsh and
associated submergence of that older marsh surface, and does not necessarily imply
scouring and advection of coastal sediment away from the present shoreline. Areas
experiencing erosion were identified by carbonate sand washover deposits encroaching
upon well-established backshore marsh shrubs near the shoreline, often underlain by a
partially submerged peat terrace that contained abundant stems and roots of older
vegetation. The peat terrace formed intermittent “mud cliffs” along the coast, as is
common in other erosion-dominated muddy shorelines (Kirby, 2000, 2002). Areas of
accretion and progradation were characterized by low-lying intertidal mudflats fronting
the coast, often containing juvenile colonies of living wetland grasses. Locations of all
field sites were verified using a Northstar™ Differential Global Positioning System

module.

2.2.2. Near-Shore Core Collection
Push cores were collected at the locations indicated in Figure 2-1b during field

work from the coastal vessel. All cores were sub-sampled on board the Pelican. Cores
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from sites CSA, CSB, and CSD were collected in or immediately above the swash zone
at their respective locations, and sampled primarily peat material. All other cores were
obtained immediately offshore in a water depth of 1 m. Cores CSB and CSD were
collected in Plexiglas trays suitable for X-radiograph imaging; all other cores were
collected in PVC tubes. The Plexiglas trays, while useful in allowing X-ray images to be
made of the sediment, were too fragile for use in collecting long cores and were not
practical in offshore settings where low visibility in turbid water made core recovery
challenging. PVC is a much stronger material able to withstand stresses applied during
core recovery, but is impenetrable to X-rays. Detailed observations of stratigraphic
characteristics were made of all cores. Four of the near-shore cores were selected for
isotopic analysis of sediment; grain size analyses were made on six of the seven near-
shore cores collected. Detailed information on the locations and conditions of core

collection is listed in Appendix 2-A.

2.2.3. Isotopic Analyses by Gamma Counting

Gamma activity measurement provides a straightforward and efficient means of
establishing the radioactive isotope content in sediment (e.g., Gaggler et al., 1976). Each
isotope emits gamma radiation at a characteristic frequency associated with its decay.
Because detection by this method involves analysis of multiple gamma wave frequencies
simultaneously, the activities of all desired isotopes are assessed in one counting session.
Cores from stations CSF, CSI, CSJ, and CSC (in order from east to west) were selected
for isotopic analyses based upon their relative location and similar water depth. Core CSF
was obtained on the northeastern chenier plain opposite a section of shoreline that

appeared to be actively retreating. CSI and CSJ were located within a large mud bank
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located immediately west of Freshwater Bayou on the eastern chenier plain, and CSC was
collected on the central chenier plain seaward of an area in which retreating and accreting
morphology alternated.

Sediment samples were dried at 50-60°C and homogenized prior to gamma
counting; between 7 and 30 g (dry mass) of sediment were analyzed in each sample.
Gamma activity analyses were performed on sediment samples from cores CSI, CSJ and
CSC at the Woods Hole Oceanographic Institution. Activity levels of '*’Cs and *'°Pb were
measured using net counts of the 661.6 and 46.5 keV peaks respectively; excess *'’Pb
activity was calculated from independent measurement of *'“Pb at 352 keV (Livingston
and Bowen, 1979; Joshi, 1987). Samples were analyzed on Canberra 2000 mm* LEGe
planar germanium detectors for 24-48 hours (e.g., °Pb error < +/- 3%). Efficiency
corrections were empirically determined for '*’Cs using Standard SCG-83 and for 2'°Pb
using a solid uranyl nitrate standard. Samples from core CSF were analyzed at Tulane
University using a Canberra LEGe closed-end coaxial well detector; efficiency
calibrations for this instrument were determined using the IAEA-300 Baltic Sea sediment

standard.

2.2.4. Grain Size and Porosity Analyses

Grain size and porosity data were collected from cores CSF, CSG, CSH, CSI,
CSJ, and CSC. To evaluate sediment porosity, 13-20 g of wet sediment were dried and
the subsequent dry weight measured. Porosity (n), the ratio of the void volume (volume
occupied by water) to total volume (see Lee and Chough, 1987), was calculated as

follows:
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where m,, and m, are the mass of sediment and water, respectively, obtained from the
difference between dry and wet weight of the sediment. p, is density of sediment (taken
to be 2650 kg/m’, the density of quartz), and p, is the density of seawater (assumed to be
1010 kg/m®). Saturated bulk density (see Lee and Chough, 1987) was calculated using

volume fractions of water (porosity) and sediment by:
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where m, and V, are the total mass and total volume of the saturated bulk sample,
respectively.

Particle size analyses were made using 2-8 g (dry mass) of sediment per sample.
Sediment was disaggregated and homogenized using an ultrasonic probe and mechanical
stirring device to agitate a slurry of sediment in 0.1% sodium metaphosphate solution.
The sand fraction was separated using a 63 pum sieve (4.0 ¢, the lower limit of very fine
sand according to the Wentworth classification [e.g., Boggs, 1995]), dried, and weighed.
Grain size distribution within the silt-clay fraction (<63 um) was analyzed using the
Micromeritics SediGraph 5100 particle size analyzer at Boston College. This instrument
uses the intensity of X-ray energy passing through the sample relative to that of a
baseline liquid (0.1% sodium metaphosphate solution) to evaluate particle size
distribution in the sample, assuming Stokes settling behavior for spherical particles

(McCave and Syvitski, 1991; Coakley and Syvitski, 1991; Micromeritics, 2001). A
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detailed discussion of this method of particle size analysis and of the sample preparation
used in this study is included in Appendix 2-B.

The sand fraction (>63 um) of each sample was further sieved at even ¢ intervals
to determine the grain size distribution within the coarse fraction. Sieve mesh diameters
corresponding to 125 um (3.0 ¢, fine sand), 250 um (2.0 ¢, medium sand), 500 pm (1.0
0, coarse sand), 1000 um (0.0 ¢, very coarse sand), and 2000 um (-1.0 ¢, granule) were
used to separate this fraction. Observations of sediment composition (carbonate,

silicilastic, or organic material) were made using a binocular microscope.

2.2.5. Aerial Photographic Surveys of the Freshwater Bayou Area

Aerial photographic interpretations were made using orthorectified color images
taken with conventional and infrared cameras (US Geological Survey, 1990, 2001;
Louisiana State University, 1998; National Aeronautics and Space Administration, 2001);
declassified Corona satellite images were also used for comparison of shoreline
morphology over several decades. For this portion of the study, discussion of aerial
photographic surveys will be restricted to points relevant to the development of the
Freshwater Bayou mudflat due to alterations in dredging operations since 1990. A more

detailed discussion of aerial surveys is included in Chapter 3.

2.3. Results

Locations of eroding and accreting environments along the chenier plain have

been compiled into a map (Figure 2-4a). Isotope activity plots for '*’Cs and *°Pb in a
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hypothetical undisturbed sediment core are shown in Figure 2-5 for comparison with the
data to be presented from the chenier plain near-shore cores. Schematic diagrams of core
stratigraphy are presented for all cores collected in March 2001, as are X-radiograph
images for Cores CSB and CSD. For cores for which isotope, porosity, and grain size
analyses were made, all results have been grouped together by core and are displayed
together in Figures 2-6 through 2-15. Core figures are arranged such that the easternmost
core is presented first (Core CSF, in Figure 2-6), followed in order by cores collected
increasingly farther west. A summary of porosity, bulk density, and grain size

distribution for all sediment samples analyzed is presented in Appendix 2-C.

2.3.1. Coastal Characterization: Patterns of Erosion and Accretion

Accretion and erosion patterns inferred from this coastal characterization survey
are shown in Figure 2-4a. Results of the last similar survey (Wells and Roberts, 1981),
which was based upon aerial photographs taken in the mid-1970s, are illustrated in Figure

2-4b.

2.3.2. Results of Isotopic Analyses

Isotope activity plots for *’Cs and excess *'°Pb from the four cores obtained in
shallow water at sites CSF, CSI, and CSJ, and CSC are included in the composite Figures
2-6, 2-9, 2-11, and 2-12. A layer of sediment was evident at the top of Cores CSI and CSJ
(obtained 2 km and 11 km west of Freshwater Bayou, respectively; Figures 2-9 and 2-11)
that contained no '’Cs and had slightly lower levels of excess *'°Pb than the sediment
below it. Core CSF, collected ~1.5 km east of Freshwater Bayou, did not show a similar

19Cs-deficient layer at the surface. Core CSC, collected 25.5 km west of Freshwater
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Bayou, contained very low levels of both '*’Cs and excess 2'°Pb (near the detection limit).
Sediment from the near-shore cores analyzed displayed relatively uniform grain size;
isotopic activity in these samples therefore does not vary as a function of highly

heterogeneous grain size.

2.3.3. Sedimentary Facies

Core CSF (Figure 2-6), the easternmost core collected, consisted primarily of
bioturbated mud (dominantly clay) with two prominent layers of coarser material (each
containing ~85% sand) at 0.20 m and 0.58 m depth below sea floor (bsf). The sand
horizon at 0.20 m bsf contained 82% very fine siliciclastic sand grains, while the horizon
at 0.58 m bsf contained a wider distribution of siliciclastic particles (very fine through
medium sand) in addition to ~10% carbonate shell material by mass in the medium sand
through granule size fractions (Appendix 2-B). A third, minor, sand layer was present at
0.50 m bsf that contained ~25% sand. Within Core CSF, the sand horizon at 0.20 m
coincided with the base of '”’Cs and excess *'°Pb activity. Above the sand horizon at 0.20
m, activities of both isotopes were fairly uniform within Core CSF. Average porosity in
this core was 70% below 0.25 m; porosity data were not available for the upper 0.25 m of
the core. The sand layer at 0.58 m depth yielded a porosity of 51%. Organic material was
present in all samples from Core CSF, with a distinctive dark brown “coffee ground”
appearance similar to that noted by Kemp (1986) in the same general area.

Cores CSG and CSH showed similar grain size and porosity (Figures 2-7 and 2-
8). These two cores were collected less than 1 km apart on the east and west margins of
the Freshwater Bayou navigation canal respectively, in order to allow evaluation of

differences in sediment properties across the canal. Average porosity was similar
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throughout the cores (80% for Core CSG, 81% for Core CSH) and slightly higher at the
surface in Core CSG (88% relative to 85% in Core CSH). During sampling, it was noted
that Core CSG contained an unconsolidated “mixed layer” of mud that spanned the upper
0.12-0.15 m of the core; below that, greater consolidation was apparent. That depth
corresponded to a decrease in porosity from ~86% to ~82%. A minor sand layer (20%
sand, dominantly very fine siliciclastic grains) appeared in Core CSG at 0.35 m bsf.
Traces of a basal sand layer at 0.85 m, which had been disturbed during core collection,
were observed during core sampling. This layer was not apparent in Core CSH, which
showed extremely homogenous porosity and grain size distribution throughout the length
of the core. CSH consisted almost uniformly of ~78% clay and ~20% silt, with only trace
amounts of sand. Neither of the two sand layers visible in Core CSG was detected in
Core CSH. The consolidation boundary evident at ~0.15 m bsf in Core CSG was not
observed during sampling of Core CSH; sediment throughout Core CSH was observed to
be very poorly consolidated and easily disturbed. Both cores showed bioturbation (in the
form of burrows) throughout their stratigraphy.

Core CSI, collected 2 km west of Freshwater Bayou, showed no discernible sand
layers (Figure 2-9). Sediment was observed to be poorly consolidated throughout,
although a gradual transition from near-fluid mud (éurface porosity of 86%, bulk density
1240 kg/m®) to slightly better consolidation (~82% porosity, bulk density 1300 kg/m®)
occurred over the uppermost 0.2 m of the core. Average porosity throughout this core
was 80%. Sediment consisted primarily of clay (~74-99%) with the remainder composed
almost entirely of silt. Sand content never rose above 1% until the basal sample at 0.94 m

bsf, which contained 5% sand. No difference in porosity or grain size was apparent
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between the 0.35-m-thick 'Y’Cs-depleted layer at the top of Core CSI and the sediment
below 0.35 m that contains appreciable levels of '*’Cs.

Core CSE (Figure 2-10) showed very similar facies to sediments from Cores CSI
and CSJ. This core consisted of soft gray mud that was not consolidated enough to hold
its shape. The uppermost 0.12 m of Core CSE comprised an entirely unconsolidated
mixed layer. Due to its location between Cores CSI and CSJ, and the uniformity of the
coastal environment (an extensive mudflat) between those sites, detailed analyses of
isotopic content, porosity, and grain size were not made on Core CSE.

Core CSJ (Figure 2-11), collected 11 km west of Freshwater Bayou, showed
extremely uniform sedimentary facies, similar to that seen in Cores CSI and CSE. The
top ~0.13 m consisted of very poorly consolidated mud (surface porosity of 85%), with a
gradual transition to better consolidation (average porosity 80% throughout the core).
Clay content ranged from 65-86%, with silt content 15-25%. Only trace amounts of sand
were detected, the highest proportion in the basal unit at 7.7% (at 0.95 m bsf). As in Core
CSI, no difference in porosity or grain size was evident between the 0.10-m thick *’Cs-
depleted layer at the top of the core and the *"Cs-rich sediment below.

Core CSC, the westernmost core collected at 1 m water depth, showed markedly
different stratigraphy than the others obtained a similar distance offshore and in a similar
water depth (Figure 2-12). This core consisted entirely of peat material, the uppermost
0.07 m comprising a brown well-consolidated peat layer with surface porosity of 79%.
Below that, the core contained uniform gray peat with abundant organic material (plant
roots and sticks) with variable porosity that ranged from 58-81% and averaged 71%.
Aside from a sample at 0.015 m (1.5 cm) bsf that contained 12% sand, only trace

amounts of sand were detected in Core CSC.
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The three cores west of Site CSC were collected in the swash zones of
beach/marsh areas determined to be in active erosion. These cores, from Sites CSA, CSB,
and CSD, contained primarily peat and shell material with minor mud content. Core CSB
contained a 0.02-m-thick mass of carbonate shell material within its peat, visible on an X-
ray image (Figure 2-13). Core CSA consisted entirely of well-consolidated brown peat
that included sticks up to 0.02 m in diameter (Figure 2-14). Porosity measurements made
on several samples from Core CSA indicated ~70% porosity within the peat. No clear
stratigraphy was apparent within Cores CSA or CSB. Core CSD showed better-defined
stratigraphy; in core description and in X-ray image, a layer of carbonate shell material
~0.1 m thick was observed between a 0.03-m-thick layer of unconsolidated mud at the

top of the core and uniform peat below the shell horizon (Figure 2-15).

In summary, all cores showed a downward increase in consolidation from a
generally unconsolidated mixed layer at the core top to porosity ~78% and bulk density
~1350 kg/m’ within the consolidated portion of the core. Sediment was composed almost
exclusively of clay and silt grain sizes, with the exception of two prominent sand layers
in the easternmost core (Core CSF) and a minor sand layer in Core CSG. No variation in
grain size occurred across porosity and bulk density boundaries that marked the transition
from unconsolidated to consolidated mud. High organic content was observed at the
easternmost and westernmost sites (Cores CSF and CSC) with organic matter rare or
absent in sediment in the cores collected in the vicinity of the Freshwater Bayou mudflat.
Two cores, CSI and CSJ, taken west (downdrift) of Freshwater Bayou on the large
mudflat, contained uppermost sediment in which “’Cs was entirely absent. Such an

isotopic profile is anomalous for a shallow marine sediment core (compare with Figure 2-
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5). The '¥'Cs-free layer was observed to thin westward (downdrift) between the two

cores, and was not present in Core CSF, collected east (updrift) of Freshwater Bayou.

2.4. Discussion

2.4.1. Identification of Eroding and Accreting Shoreline

The geomorphic features used to infer shoreline retreat and accretion on the
Louisiana chenier plain are fairly typical characteristics of mud-dominated coasts. Kirby
(2000, 2002) has described eroding muddy shorelines as low-lying and concave in cross-
section, often backed by peat cliffs that represent a disconformity between tidal mudflats
and the backshore salt marsh (Figure 2-16; see also Friedrichs and Aubrey, 1996). The
peat terrace may be topped by carbonate shell material that accumulate as a winnowed
deposit brought onshore by waves (Kirby, 2000). Exposed vertical sections of marsh
terrace may show desiccation cracks and are often fronted by collapsed blocks of salt
marsh.

During field characterization of the Louisiana chenier plain, coastal areas
experiencing erosion and ongoing land loss (landward migration of the shoreline) were
identified by carbonate sand washover deposits encroaching upon established backshore
marsh vegetation, often underlain by a partially submerged peat terrace containing
abundant stems and roots of older vegetation. The peat terrace is a nearly ubiquitous
feature along the central section of the chenier plain (Figure 2-17a, b; sites shown in
photographs are indicated in Figure 2-1). This surface consists of highly cohesive mud

and organic matter. In some areas the surface is present as a nearly submerged layer in
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the swash zone, as in Figure 2-17a, an example from Coastal Station B (CSB), east of the
East Little Constance Bayou outlet. In an X-radiograph image of Core CSB (Figure 2-
13), plant stems can be seen throughout the core, and the overall dark nature of the image
reflects the dominance of fine grain sizes (silt and clay). Occasional patches of coarser
grains may be found, as is the case near the top of Core CSB, where the X-ray image
reveals a brighter patch of denser shell hash (see Figure 2-13). Elsewhere, the peat forms
a terrace that can be elevated up to 1 m above the water level, as in Figure 2-17b, an
example from the central chenier plain at approximately 92.5°W.

Areas of exposed peat terrace may extend into the water as spits or tombolos, the
well-consolidated peat efficiently resisting erosion. A crenulated shoreline was typically
present in such cases, where carbonate sand forms pocket beaches in embayments
between protrusions formed by marsh cliffs. This crenulation effect is believed to be
enhanced by the abrasive power of shell material on marsh sediment in these
embayments during wave activity (Amos et al., 2000; Thompson and Amos, 2002). Such
an environment is common along mud-dominated eroding coastlines; “mud cliffs”
alternating with pocket beaches of carbonate shell material are common features on
eroding muddy coasts in Europe and the British Isles, for example (Whitehouse et al.,
2000; Kirby, 2000, 2002; Ke and Collins, 2002).

The present shoreline in this area represents the degree to which the ocean has
transgressed landward over older stable marsh terrain since the last glacial episode. As
relative sea level continues to rise, coarse shell hash washes over the older marsh peat
and mud. This formation of washover deposits often results in exposure of the old marsh
surface in and near the surf zone underlying carbonate sand. Along sections of the coast

that display only a sandy beach environment, it is probable that the ubiquitous old marsh
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surface is still present but is covered by a slightly thicker layer of shell hash along the
water line, where it might be visible during spring low tide conditions. If these eroding
sections of the coast continue to experience landward migration of the shoreline, it is
expected that the existing healthy vegetation in the back beach area will become first
overlain by carbonate sand and then submerged as relative sea level rise continues (e.g.,
Kirby, 2000, 2002). Ongoing active submergence was apparent during the March 2001
field survey in the area near Tigre Point on the northeastern chenier plain, where large
trees and shrubs were observed very near the water line, in some cases seaward of the
berm crest (Figure 2-17¢).

As indicated in Figure 2-16, accretion-dominated muddy coastlines are typically
convex in cross-section, with a wide intertidal zone (Friedrichs and Aubrey, 1996; Kirby,
2000, 2002). On such shorelines, the vegetated landward portion meets unvegetated
mudflats with no break in slope; the boundary of vegetation migrates seaward to keep
pace with mudflat progradation (Kirby, 2000). Areas of accretion and progradation on the
chenier plain were recognized by the presence of low-lying mudflats fronting the coast,
which contained recently established living marsh grasses (Figure 2-18). Where such
mudflats were present, the coast was assumed to be actively accreting (Wells and
Roberts, 1981). Accreting areas often show new vegetation on a mud terrace directly
adjacent to the water. The presence of juvenile vegetation indicates that the mudfiat on
which the vegetation has grown is not currently experiencing transgression and overwash
by sand and shell hash and instead provides a relatively stable environment for new
marsh vegetation to become established. New marsh growth may occur on top of the old
peat terrace, with progradation and renewed vegetation at least temporarily reversing the

erosional trend that had submerged this older marsh surface (Figure 2-18a). An
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accretional environment likely begins as renewed growth of marsh and mudflat on this
older terrace, as new deposition of mud allows progradation and vegetation to proceed.
Accreting and eroding areas were observed in direct proximity to one another, as
in Figure 2-18b, and may alternate over spatial scales of tens of meters along shore. Core
CSD, obtained near the waterline, showed a vertical sequence indicating a transition from
erosion to accretion (Figures 2-15, 2-18a): the top 0.03 m of Core CSD consisted of fine-
grained mud on which the new vegetation has taken root. From 0.03-0.13 m depth,
coarse shell fragments were present. This shell layer in turn was located above finer-
grained peat and mud that dominated the core below 0.13 m, representing the old marsh

terrace.

2.4.2. Regional Accretion and Erosion Patterns on the Chenier Plain

The March 2001 survey indicated that the coast was in active erosion on the
northeasern chenier plain, from Chenier au Tigre to Freshwater Bayou. Pronounced
coastal retreat was apparent, with narrow (typically <10 m wide) sand beaches atop older
peat terrace, close to backshore vegetation. The coastal environment in this region
contrasts markedly with the central chenier plain; large trees instead of marsh grasses and
shrubs comprise the vegetation around Tigre Point and Chenier au Tigre (Figure 2-17c).
Erosion has exposed trees to sand washover; small trees stood seaward of the sand berm.
Isolated areas of apparent mudflat accretion just west of Tigre Point were noted; these
zones were <1 m wide and contained sparse vegetation growing on older peat terrace.

At the Freshwater Bayou, erosional morphology abruptly gave way to pronounced
accretion that dominated the eastern chenier plain (between Freshwater Bayou and

Dewitt Canal). In March 2001 this accreting zone extended 17 km west of Freshwater
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Bayou as one continuous mudflat, which became narrower to the west. Figure 2-19
shows contrasting environments on either side of Freshwater Bayou; the dark peat terrace
typical of erosional zones is visible just to the east (on the updrift side) of the channel.

The Freshwater Bayou mudflat, which has been described previously as a rapidly
prograding mudflat (e.g., Roberts et al., 1989), is a wide, shallow feature that proved
difficult to access from either land or sea. Thick, gelatinous mud necessitated keeping the
survey boat ~500 m offshore, and birds were observed to be standing in very shallow
water 100 m from shore at locations up to 10 km west of Freshwater Bayou. One earlier
researcher, presumably inspired by personal experience, noted that on the Freshwater
Bayou mudflat “a 200 pound man quickly sinks to knee depth in this material” (Morgan
et al., 1953). Aerial photographs indicate that in 2001 the mudflat was ~740 m wide at its
widest part, 11 km west of Freshwater Bayou (NASA, 2001). Vegetation has colonized
much of the accreted sediment, stabilizing the mud deposits (Figures 2-18c and 2-19).
The dimensions of this accreting zone on the eastern chenier plain far exceeded that of
any mudflat documented elsewhere in the study area.

Along approximately 15 km of shoreline from Dewitt Canal to the Flat Lake
outlet (on the central chenier plain), the coast in March 2001 was found to be dominantly
erosional. Carbonate sand was commonly seen to form washover deposits around and on
top of sturdy shrubs >1 m high that had colonized well-established marsh behind the
beach. In many areas the peat terrace underlying this carbonate beach was exposed at the
water line, sometimes forming a ledge up to 1 m thick (as in Figure 2-17b).

The central chenier plain, consists of alternating zones of accretion and erosion
(Figure 2-4a). The length of eroding shoreline and length of accreting shoreline were

approximately equal in the 12 km between East Little Constance Bayou (a small inlet 1
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km east of Big Constance Lake) and the now-filled Little Constance Lake. Substantial
mudflat growth (in some areas >10 m wide) accompanied by young vegetation was
observed around the entrance of Big Constance Lake and along the ocean-facing coast on
either side of this embayment. Sediment may accumulate there due to the presence of
quiescent lake water that provides shelter from longshore currents. Deposition of fine-
grained sediment onto other mudflats of the central chenier plain may be facilitated by
the interruption of westerly longshore drift as weak tidal currents and fresh water flow
through the mouth of small inlets, where sediment settles out and collect on the eastern
sides of inlet mouths. Mudflats 1-10 m wide occurred at the eastern margins of several
bayou mouths (Little Constance Lake, Flat Lake, and Pigeon, East Little Constance, and
Rollover Bayous, all on the central chenier plain).

Previous shoreline assessments indicate, and examination of aerial photographs
confirms, that accretion and erosion patterns are subject to sub-annual fluctuation along
this chenier plain coast (e.g., Morgan and Larimore, 1957; Adams et al., 1978; Wells and
Roberts, 1981; Wells and Kemp, 1981). Geomorphic categorizations made during this
study differ significantly from observations made of the same field area at different times
in last several decades (Figure 2-4b). This survey found that areas of accretion were more
areally restricted in 2001 than documented by earlier studies (Morgan and Larimore,
1957; Adams et al., 1978; Wells and Kemp, 1981; Wells and Roberts, 1981; Roberts et
al., 1989), with major mudflat accretion now limited to the eastern chenier plain
immediately west of Freshwater Bayou. In the 1940s and 1950s, mudflats fronted the
coast from Chenier au Tigre west to Dewitt Canal (Morgan et al., 1953), and the entire
northeastern chenier plain experienced accretion on a decadal scale where now erosional

morphology dominates (Morgan et al., 1953; Morgan and Larimore, 1957). The most
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recent assessment before this study, done by Wells and Roberts (1981), found major
mudflat accretion fronting most of the shoreline between Chenier au Tigre and Rollover
Bayou in the late 1970s. Variations in average shoreline change over the past several
decades will be discussed further in Chapter 3.

The presence now of many widespread erosional zones (Figure 2-4a), and the
present restriction of major accretion to a localized area downdrift of Freshwater Bayou,
contrast with an assessment made a decade ago that sediment from the Atchafalaya River
promotes accretion throughout the chenier plain reversing the pattern of shoreline retreat
that has dominated for centuries (Wells and Roberts, 1981; Roberts et al., 1989). Wells
and Roberts (1981) stated, based on the presence of mudflats along the eastern and
northeastern chenier plain in the mid-1970s, that “the erosional trend is reversing and the
western half of the state is receiving a new pulse of sediment”. Although deposition of
Atchafalaya River mud certainly does facilitate transient accretion and progradation
along much of the chenier plain at times, rapid temporal and spatial changes in shoreline
morphology indicate that mudflats tend to be ephemeral features that do not necessarily
become permanently welded to the coast (e.g., Wells and Kemp, 1981). The low bulk
density (generally 1100 to 1350 kg/m*) and high water content (60 to 90%) of
underconsolidated and fluid mud deposits worldwide result in easy resuspension of
mudflat sediment during storms and the passage of frontal systems; such mobile sediment
can facilitate rapid downdrift migration of mudflat zones. Previous analyses of shoreline
evolution on Louisiana’s chenier plain coast have shown that resuspended mud from
temporarily accreting areas tends to be advected farther west by longshore currents over

time (e.g., Wells and Kemp, 1981). Sediment that remains on shore is stabilized as
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vegetation and biological colonies gradually develop (e.g., Faas et al., 1993; Widdows et

al., 2000; Prochnow et al., 2002), decreasing the mobility of sediment along shore.

2.4.3. Effects of Freshwater Bayou Dredging on Mudflat Accretion

In view of the dynamic nature of mud deposits along this coast, the persistence of
such an extensive mudflat directly downdrift of the Freshwater Bayou channel invites
further examination. This area, while experiencing natural accretion that has been
documented for several decades, receives additional sediment episodically from a
dredging operation that clears the shipping channel.

Dredging activity began in Freshwater Bayou under the direction of the US Army
Corps of Engineers in June 1967. The channel is dredged to a depth of 3.7 m (12 feet)
from a distance of 6.4 km offshore to 2.1 km inshore, at the Freshwater Bayou lock. Over
9.7 x 10° m*® (12.7 x 10° cubic yards) of sediment have been removed since 1967 (R.
Morgan, US Army Corps of Engineers, pers. comm.; Figure 2-20). Prior to 1990, dredged
sediment was deposited directly west of the channel along its entire length (6.4 km)
offshore, and in holding ponds immediately northeast of the channel mouth onshore.
Beginning with the 1990 dredging operation, sediment has been deposited in only one
location directly west of the channel mouth, 1500 m west of the channel’s center line
(Figure 2-19). The deposition of this dredged material near shore, intended to promote
the creation of new wetlands, is monitored under the Beneficial Use of dredged material
Monitoring Program (BUMP) coordinated by the US Army Corps of Engineers - New
Orleans District and the University of New Orleans (S. Penland and K. A. Westphal,

pers. comm.). Initial reports from this project indicate successful accretion following
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disposal of dredged sediment at that site (K. A. Westphal, report in progress to the US
Army Corps of Engineers).

The Freshwater Bayou channel was most recently dredged in January 2001. This
operation, which removed 645,000 m® of sediment that was subsequently deposited west
of the channel mouth, was completed just weeks before this field study was conducted
(R. Morgan, pers. comm.). As a result, this study has identified a contribution of dredged
material to surface sediment in the large mudflat directly west of the channel.

This inference of dredged sediment is based upon the isotopic activity of the cores
collected (Figures 2-9 and 2-11), where the uppermost layer of sediment in Cores CSI
and CSJ (2 km and 11 km downdrift of the dredge dump, respectively) was entirely free
of hydrogen bomb-derived "*’Cs. Figure 2-5 shows hypothetical profiles of *’Cs and
excess *'Pb as they would appear in undisturbed sediment where accumulation rates are
high. Because 'Y’Cs is now delivered to the marine environment primarily in fluvial
sediment, the absence of “’Cs at the top of Cores CSI and CSJ suggests that the
uppermost sediment has not been in contact with a fluvial (or atmospheric) source since
~1950, and therefore was likely originally deposited prior to that time (Duursma and
Gross, 1971; Livingston and Bowen, 1979; Miller and Heit, 1986). This layer thins from
0.35 m in Core CSI to 0.10 m in Core CSJ. Given that modern Atchafalaya sediment does
contain high *’Cs inventory, and that this isotope is therefore commonly found in surface
sediment downdrift of the Atchafalaya River mouth (e.g., Allison et al., 2000a), the
surface sediment in CSI and CSJ is interpreted to be isotopically 'older' than the sediment
below it that contains "*’Cs.

Profiles of excess *'’Pb in Cores CSI and CSJ also deviate from patterns seen in

currently accumulating inner shelf sediment from this region (Allison et al., 2000a),
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decreasing from 6500 disintegrations per minute [DPM]J/kg below this ‘old’ layer to 5500
DPM/kg within it (Figures 2-9 and 2-11; see Figure 2-5 for an ‘ideal’ profile [e.g.,
Nittrouer, 1978; Nittrouer et al., 1979; Noller, 2000]). This isotopic signal suggests that
this uppermost layer at Sites CSI and CSJ was deposited as a 'slug’ of dredged material
transported downdrift from the dredge site after completion of the most recent dredging
operation in January 2001, two months before these cores were collected. Notably,
samples from Site CSF, east (updrift) of the dredge dump, do not show this ‘old’ upper
layer, but display an isotopic profile more typical of undisturbed coastal systems, with
activity levels of 'Cs and excess '°Pb generally decreasing down the core. Sediment
below the dredged material in Cores CSI and CSJ, which does contain appreciable levels
of "'Cs and excess *'°Pb, apparently originated from the Atchafalaya River sediment
source and was deposited near shore on the central chenier plain; both natural accretion
and reworked dredged material therefore contribute to the growth of this large Freshwater
Bayou mudflat.

The lack of *'Cs in the slug of dredged sediment suggests that this material was
transported to the inner continental shelf prior to the 1950s, when that isotope first began
to appear in the environment due to atmospheric testing of hydrogen bombs (Livingston
and Bowen, 1979; Miller and Heit, 1986; see Figure 2-5a). However, this sediment has a
high inventory of excess 2'°Pb, the presence of which implies a deposition age of
considerably less than 100 years (five half-lives of *'°Pb, the detection limit). One
explanation for this anomalous isotopic character is that the dredged sediment was
originally deposited ~50-100 years ago, recently enough to retain some excess >'’Pb but
too long ago to have been exposed to '*'Cs. Alternatively, this sediment may be slightly

younger than 50 years but may have lost some of its '’’Cs while buried in anoxic
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sediment in the Freshwater Bayou channel. Anoxic conditions lower the sediment/water
partition coefficient of *’Cs, increasing its mobility in pore water (Sholkovitz et al.,
1983; Sholkovitz and Mann, 1984). Although bioturbation in Cores CSI and CSJ argues
against anoxic conditions in the surface sediment of the mudflat, this sediment may have
been buried in an anoxic environment within the shipping channel prior to dredging.
While possible, this explanation is considered insufficient because the mobility of '*’Cs in
anoxic sediments is unlikely to drive the activity level to zero, as observed (E. R.
Sholkovitz, pers. comm.; K. O. Buesseler, pers. comm). Shoreward transport of *’Cs-free
shelf sediment in the channel and subsequent redeposition of this offshore sediment by
dredging is an unlikely origin for this sediment, because surface sediment offshore of
Freshwater Bayou does contain *’Cs (Allison et al., 2000a; M. A. Allison, unpublished
data, 2001).

The most plausible explanation for high excess *'°Pb in the absence of '*'Cs is
scavenging of ?'°Pb from the water column during dredge-induced resuspension of
sediment. As discussed in Section 2.1.3, *°Pb is abundant in the marine water column;
?%Pp is typically readily available in seawater due to the high inventory of its
grandparents “*U and *Ra in the ocean (e.g., Turekian, 1977; DeMaster et al., 1986).
Because Pb is highly particle-reactive (with a sediment-water partition coefficient K, =
10%), any event that resuspends sediment in the water column provides an opportunity for
?1%pp to be scavenged from the water and absorbed onto particle surfaces. '°Pb scavenged
in this manner will then settle to the sea floor with the sediment (e.g., DeMaster et al.,
1986; Baskaran and Santschi, 2002). Scavenging of dissolved trace metals from seawater
by resuspended sediment is known to be an important process near shore, where waves

and current action promote resuspension (Duursma and Gross, 1971; Baskaran and
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Santschi, 2002). Dredging and subsequent redeposition of older sediment that had lost
most of its original excess 2'’Pb signal would allow this sediment to scavenge *'°Pb from
the water, “resetting” its excess 2'°Pb inventory to near modern values while adding little
to no new '*'Cs. This is proposed as the most likely mechanism by which the isotopic
signal of Cores CSI and CSJ could be attained.

The lack of a clear trend in "*’Cs activity in Cores CSI and CSJ below this 2001
dredge deposit may reflect reworking of the stratigraphy within this mudbank, possibly
by resuspension by waves during cold front passage. Neither the base of *’Cs activity nor
the characteristic peaks associated with its variable input into the environment through
time (Figure 2-5) are visible in these cores. Due to the absence of these features in Cores
CSI and CSJ, it is therefore not practical to use the *'Cs data to calculate rates of natural

sediment accumulation at these two sites.

2.4.4. Development of the Freshwater Bayou Mudflat Since 1990

Examination of aerial photographs yields valuable information about the timing of
development of the Freshwater Bayou mudflat. Corona satellite images taken in 1963,
before dredging began, and in 1970, three years after the first operation, show no mudflat
at that site (USGS, 2001). Accretion has been noted at this location since the mid-
twentieth century (Morgan et al., 1953; Kemp, 1986; Adams et al., 1978; Wells and
Kemp, 1981), Until the late 1980s, however, the permanent presence of a mudflat was not
apparent, and sediment deposited at that location was observed to gradually migrate
farther west (Wells and Kemp, 1981). The present episode of progradation began in the

late 1980s, and was first described by Roberts et al. (1989).
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A natural origin unrelated to dredging is the most likely explanation for this initial
accretion given that no dredging was done in Freshwater Bayou between 1985 and 1990
(Figure 2-20). However, the relocation of the dredge dump in 1990 to its present location
directly west of the channel mouth (at the eastern extent of this large accreted area) has
apparently contributed enough sediment to the area in excess of its natural supply to
stabilize and further encourage additional, natural, sediment accumulation by positive
feedback mechanisms. As described by previous studies (Wells, 1983; Kemp, 1986;
Mehta et al., 1994; Lee and Mehta, 1997), the presence of an unconsolidated mud sea bed
near shore dampens incoming wave energy. Although the exact mechanism by which
wave energy is attenuated over a mud sea bed is uncertain, it has been previously
proposed that wave dampening may occur due to high viscosity of fluid mud
(concentrations 10-170 g/l; Krone, 1962) and dissipation into a fluid mud sea bed by
formation of a viscous mud wave (Wells, 1983; Lee and Mehta, 1997). Reduction of
wave energy in turn promotes further deposition of suspended sediment, encouraging
mudflat growth. It is proposed that such positive feedback, aided by the input of dredged
sediment, has led to additional mud deposition beyond what would naturally accumulate
on the eastern chenier plain. In contrast to repeated aerial surveys made before the 1990
relocation of the dredge dump, all photographs since then have shown mudflats present at
this location (see Chapter 3).

Rapid growth has followed the relocation of the dredge dump; between 1990 and
2001 the mudflat has prograded seaward at rates that are locally as high as 50 m/yr at the
“Triple Canal” site of Huh et al. (2001), 2 km west of the channel (Figure 2-19), although
the rate of growth has not been constant. Analysis of aerial photographs shows that six

months before the relocation of the dredge dump in 1990, the area of the entire accreted
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area (defined as all land, vegetated and unvegetated, seaward of a relict shoreline that is
level with the mouths of the Triple Canal site, the Exxon canals, and Dewitt Canal) was
approximately 1.6 km” As of 1998 the area had increased substantially, to approximately
6.4 km’. Photographs taken on April 1, 2001 (Figure 2-19) show an accreted area that
occupied approximately 4.6 km’, although not all of the accreted zone seaward of the
canals (Triple, Exxon, and Dewitt Canals) appeared to be in active growth when the 2001
photographs were taken. Field observations in March 2001 indicated that much of the
volume of this mudflat is submerged and may not be visible from the air. Some of the
sediment deposited due to the November 2000 — January 2001 dredge had likely already
been transported away from the mudflat by the time the March 2001 field survey was
made; the small mudflats observed near Big Constance Lake (Figure 2-4a) are not
common in photographs taken in other years (Chapter 3), suggesting that these are a
transient result of the January 2001 dredging operation.

The dimensions of the Freshwater Bayou mudflat, far in excess of any other
accreting area presently active on the chenier plain coast, and the isotopic evidence for
longshore transport of dredged sediment more than 10 km west of the dredge dump,
suggest that dredging activity has an appreciable impact on coastal morphology in this
environment. The influence of dredging should therefore be taken into consideration in
future assessments of geomorphic trends on this shoreline. The isotopic signature of
dredged material occupies only the uppermost sediment (up to ~0.35 m) in the cores
where it appears; the mud bank west of Freshwater Bayou is known to be over 2 m thick
(Morgan et al., 1953; Rotondo and Bentley, 2002; Roberts et al., 2002). The volumetric
contribution of dredged sediment itself to the mudflat composition is therefore assumed

to be relatively minor, analogous to thin icing on a thick cake. However, due to the wave-
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dampening properties of an unconsolidated mud-rich sea bed, as discussed above,
positive feedback mechanisms may allow the disposal of dredged sediment to be a factor
driving accretion on this section of the coast today.

The Freshwater Bayou area is, in practice, an excellent field example of a
management strategy for tidal flat regeneration proposed by Kirby (2000) for mud-
dominated coasts (see also Mehta et al., 1994). This strategy, intended to induce accretion
on muddy shorelines currently experiencing erosion and to promote further accretion of
prograding mudflats, relies on positive feedback mechanisms of wave attenuation due to
high suspended sediment concentration. As envisioned by Kirby (2000), mudflat
accretion can be encouraged by the disposal of dredged mud at the updrift end of a
designated mudflat.! Dispersal of dredged sediment was proposed to cause the mudflat to
assume a more convex cross-sectional shape and higher elevation in the intertidal zone,
geomorphic characteristics of accretion-dominated muddy coasts (as in Figure 2-16;
Kirby, 2002). Such a shape is beneficial to biologic stability and diversity within the
mudflat, providing increased area for colonization by intertidal flora, fauna, and avian

populations that depend on them (Kirby, 2000).

2.4.5. Facies Variability in the Near-Shore Environment

Isotope activity patterns, which may be used to infer sediment sources and to
calculate accumulation rates in coastal environments, proved to be of limited use in this
area. The anomalous isotopic signal of the inferred dredged sediment from Cores CSI and
CSJ, and indications of a depositional hiatus in Core CSF, preclude accurate estimation
of accumulation rates using “’Cs and *'°Pb. 'Be, an isotope with a 53-day half-life that

forms naturally in the atmosphere, has been used successfully in other studies to infer
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recent deposition of fluvial sediment. Allison et al. (2000a) used "Be to calculate seasonal
accumulation rates along the inner shelf south of the chenier plain. That study found
seasonal sedimentation rates 2-6 times greater than annual accumulation rates of
0.55-0.63 cm/yr (0.0055-0.0063 m/yr) at a site named WHS6, located 2.5 km offshore of
the central chenier plain at 29.54°N, 92.48°W in a water depth of 7 m (shown in Figure 2-
1b). However, all coastal samples analyzed for this work contained no detectable levels
of 'Be. Like 'Be, 'Y'Cs is delivered to the coastal environment primarily from fluvial
discharge, but the half-life of '*’Cs is much longer (30 years). The presence of *’Cs in
most of our samples implies that the sediment analyzed was originally delivered in fluvial
discharge (presumably from the Atchafalaya River), but the absence of 'Be indicates that
it had been deposited more than six months before core collection (five half-lives of 'Be,
the detection limit).

It is noteworthy that sediment collected at station WH6 in March 2001 did contain
"Be at an activity level of 550 DPM/kg (M. A. Allison, unpublished data), a typical level
for that station (Allison et al., 2000a). The presence of "Be at that site, 2.5 km offshore,
and the lack of "Be in the near-shore samples (within ~500 m from shore) suggests that
the landward extent of freshly deposited Atchafalaya sediment was located between 500
and 2500 m offshore in March 2001. 'Be was detected in cores taken along the
Freshwatwer Bayou mudflat (~1000 m offshore) in late spring of 2001 (Rotondo and
Bentley, 2002).

Isotope activity patterns of "*’Cs and *'°Pb in Core CSF can be used to define the
depth of a surface mixed layer, similar to that shown in Figure 2-20b. Within the top
~0.20 m of Core CSF, activity levels of both isotopes are uniform and high. This implies

that the upper 0.20 m of sediment at this site are subject to homogenization by physical or
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biological processes, generating a constant isotopic signal to all sediment within this
mixed layer (e.g., Nittrouer, 1978; see caption to Figure 2-5). A minimum deposition rate
of 0.53 cm/yr (0.0053 m/yr) might be inferred for Site CSF based on a depth of 0.15 m
bsf for the base of *'Cs activity, or 0.20 cm/yr (0.0020 m/yr) based on the rate at which
excess *'°Pb decreases from its value of 7500 DPM/kg in the surface mixed layer to
background levels below 0.20 m (although only three data points are available for this
calculation). However, neither deposition rate is likely to represent a long-term
accumulation rate at Site CSF, where the core was collected ~100 m offshore. Neither
isotope clearly shows the gradually decreasing activity trend associated with undisturbed
accumulation, and the abrupt loss of both isotopes at a distinct sand horizon at ~0.20 m
bsf in Core CSF (Figure 2-6) implies renewed deposition above a disconformity (the sand
layer). It is most likely that the uppermost 0.17-0.20 m that form the surface mixed layer
in this core have been affected by reworking during storm and cold front activity.
Geomorphology characteristic of an eroding environment onshore at this location (a thin
carbonate sand beach perched on exhumed marsh terrace) further imply that mud
deposition offshore is not presently initiating observable coastal progradation there.

With the exception of cores collected in the peat terrace of eroding areas (Sites
CSB, CSA, and CSD), near-shore cores displayed generally similar sedimentary facies.
Cores taken in 1 m water depth along the chenier plain typically contained <5% sand,
10-25% silt, and >70% clay, with occasional sand horizons present (such as those in
Core CSF). In general, sand layers show lower porosity than adjacent finer-grained
horizons because small particles in a poorly sorted sample occupy pore spaces between
larger grains, although the exact relation between porosity and grain size depends on the

degree of sorting and consolidation of the sediment. Previous analyses of clay mineralogy
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in sediment collected from mudflats on the eastern chenier plain showed an average
composition of 17-19% kaolinite, 31-43% illite, and 20-39% smectite within recent mud
deposits (Kemp, 1986), indicating a composition very similar to that of the sediment
leaving the Atchafalaya River (Mobbs, 1981; Kemp, 1986).

Cores CSG and CSH indicate similar environments immediately east and west of
Freshwater Bayou, although the observed basal sand traces and slightly more obvious
consolidation boundary within Core CSG may reflect the greater proximity of Site CSH
to the 2001 dredge dump just west of the channel mouth. Stratigraphic homogeneity
within the cores collected from the Freshwater Bayou mudbank (Cores CSH, CSI, CSE,
and CSJ) indicates very uniform sedimentary characteristics within that accretional zone.
Lack of variability in grain size between the isotopically identified dredged material and
the sediment below it (as in Cores CSI and CSJ) implies that sediment removed from the
Freshwater Bayou channel has a composition indistinguishable from that of sediment
naturally accumulating on the chenier plain.

The low activity levels of *’Cs and 2'°Pb in Core CSC, combined with the high
peat content observed during core dissection, indicate that this core primarily sampled
material from the peat terrace that underlies the chenier plain surface. These results from
this site, the westernmost of the near-shore cores, imply sediment bypass in this region
(~92.55°W) rather than long-term accumulation presently. This conclusion agrees with
the observation of eroding conditions at that location made during the coastal

characterization survey (Figure 2-4a).
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2.5. Conclusions

The chenier plain coast in March 2001 contained alternating areas of erosion and
accretion. Major active mudflat extent was limited relative to that identified in previous
studies, confined to a stretch of shoreline 17 km long immediately west (downdrift) of the
Freshwater Bayou channel, on the eastern chenier plain. Previous studies have identified
this area as a rapidly prograding mudflat that accretes during energetic conditions
associated with the passage of winter cold fronts. Isotopic analyses imply contribution by
dredged material to the sediment in this accreting region adjacent to Freshwater Bayou.
Aerial photographs suggest that accretion, initiated by Atchafalaya River sediment and
continuous in that area since the late 1980s, are enhanced by the presence of a dredge
dump at the updrift end of the accreting mudflat. Although volumetric contribution from
the dredge dump is likely minor compared with naturally accreting sediment, positive
feedback mechanisms involving wave attenuation over a muddy sea bed offshore may
cause the dredged sediment to *“seed” natural accretion beyond what occurred before the
placement of the dredge dump. The area of the accreted zone has more than tripled
between 1990 and 2001, and in Spring 2001 covered more than 4.5 km’,

Near-shore cores that contained unconsolidated sediment rather than peat
displayed homogenous composition and porosity, with sand and clay dominating the
stratigraphy of all cores. Several prominent sand horizons identified in the sub-surface
east of the Freshwater Bayou mudflat zone were not detected in cores within the
Freshwater Bayou mudflat. Their absence in the mudflat cores is believed to reflect rapid
accumulation rates at the mudflat sites relative to locations that did not correspond to

coastal progradation.
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Figure 2-1. Location map showing the chenier plain study area in the context
of the Mississippi Delta and Atchatalaya River outlet. Core locations CSA
through CSJ are shown in the inset map (b). Locations of photographs shown
in Figures 2-16 and 2-17 are indicated in (b).
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Figure 2-2. Photomosaic of orthorectified 1998 photographs (LSU, 1998) showing the central, eastern, and

northeastern chenier plain. Several chenier ridges are visible, marked with a white "c". One of the youngest
chenier ridges in this image, Chenier au Tigre, is labeled at the eastern end of the chenier plain.



Oscar K. Huh

Figure 2-3. a and b. Photographs taken by Dr. Oscar K. Huh of Louisi-
ana State University in the late 1980s and used with permission. Images
show mud deposited immediately west of Freshwater Bayou after a
recent cold front storm had passed through the area. Deposits of fluid
mud >20 cm thick had consolidated to form cobbles separated by

mudcracks.
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March 2001

Figure 2-4. a. Results of March 2001 coastal characterization survey made from a small
boat and covering 51 km of shoreline. Areas apparently undergoing erosion (submergence)
were recognized by carbonate sand washover deposits covering well-established
vegetation, and by exposure of a consolidated peat terrace under carbonate beach. Accre-
tion is recognized by the presence of a mudflat fronting the coastline, with young vegeta-
tion indicating infrequent submergence and active mudflat growth. Dark gray areas on the
figure show eroding morphology (landward retreat of the shoreline); black areas indicate
evidence of recent accretion and active mudflat growth. b. Results of the most recent simi-
lar survey, by Wells and Roberts (1981) showing erosion and accretion inferred from aeri-
al photography in the late 1970s. Results of those earlier analyses showed larger zones of
accretion along the eastern chenier plain than are present today, with mudflats fronting
most of the coast between Chenier au Tigre and Rollover Bayou in areas that now experi-
ence shoreline retreat.

75



137Cs (DPM/Kkg) 210phH (DPM/Kg)
—>

<4——— Depth

Background
(supported)
level

a b

Figure 2-5. Idealized profiles of 137Cs and 210Pb, as they would appear in undisturbed
sediment. a: Schematic representation of 137Cs (30 yr half life) in a core with accumu-
lation rates high enough to resolve individual peaks (based on Miller and Heit [1986]).
137Cs is removed from the atmosphere by precipitation but remains in soil until eroded
and incorporated into fluvial discharge. Activity levels may reflect delayed wash-in
from the watershed. Region a represents the deepest level where 137Cs is present; this
corresponds to approximately the year 1950, when atmospheric testing of hydrogen
bombs first introduced this isotope to the environment (tail at the base of the profile
represents downward diffusion and mobility in anoxic pore water). Bomb testing
reached a peak in 1959, reflected in region b of this profile. Activity reached its largest
peak in 1963, region c¢. Following the ban on atmospheric testing imposed in 1964,
137Cs in the environment has gradually decreased. The Chernobyl nuclear accident in
1986 introduced a small spike of 137Cs into the environment (Buesseler et al., 1990;
Kuijpers et al., 1993), region d. Modern sediment is represented by region e. b: 210Pb
in a hypothetical core with high accumulation rate (e.g. Nittrouer, 1978; Nittrouer et al.,
1979; Noller, 2000) has three zones: a surface mixed layer (SML), with uniform 210Pb
activity; a region in which 210Pb decreases exponentially as it decays with a half life of
22.3 years; and a lowermost zone that contains background (supported) levels of 210Pb
produced by decay of 226Ra in situ. The SML is homogenized by physical (waves and
currents) and biological (burrowing of worms, shrimp, and microfauna) mixing
processes. As sediment accumulates at the surface, the region affected by mixing
migrates upward, gradually displacing sediment from the base of the SML into the zone
of radioactive decay (Nittrouer, 1978). In undisturbed profiles the base of the SML rep-
resents the present time, while sediment in the zone of radioactive decay no longer has
contact with modern input of excess 210Pb. The base of the radioactive decay region,
where levels of 210Pb approach background (supported) values, represents sediment
that has been out of contact with the SML for ~100 to 120 years, or ~5 half lives of
210ph.
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Figure 2-6. Bulk density, porosity, grain size, i(e" activity, and 210py, activity (in disintegrations per minute [DPM], nor-
malized by mass [kg] of sample) versus depth for Core CSF, the easternmost core in this study. All sediment samples used
in this study are 0.01 m thick; analytical error margins were calculated from efficiency measurements and gamma counter
precision calibration. At far right is a schematic diagram of core stratigraphy made from observations during core
dissection. Bioturbation was inferred from the presence of burrows visible in mud extruded from the core, and from the
presence of live worms and occasional shrimp present in the sediment.
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Figure 2-8. Bulk density, porosity, grain size, and stratigraphic diagram for Core CSH.
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Figure 2-9. Bulk density, porosity, grain size, 137¢s activity, and 210py, activity for Core CSL
Note the absence of 37Cs in the upper 0.35 m of this core.

137¢s (DPMiKg) Excess 210Pb (DPM#g)
0 200 400 0 4000 B0OOO
ARSI MRS RAARE LA TR T
L e
4 e
| s 2l
r 0.2 o2
] E Y
’ .
0.4 r 104
Xy BL
H -
06| 108
- HH
- HH
08+ 10.8
e Y
Leanalon olaaaalonialonas 1.0 PP PP PR FYUL FYPTU TN PO VP

Mud in suspension

jradual increase in
consolidation

Very soft gray mud,

| too unconsolidated

to hold its shape.
Bioturbated.



0
Unconsolidated
. | mud
0.2 —
£ aE . : Very soft gray
£ "eer 7 o0 el mud, too
Q : g - | unconsolidated
O 0.4 — '
o ~ - to hold its
] shape
0.6 —
0.75

Figure 2-10. Stratigraphic diagram for Core CSE, located
between CSI and CSJ, made from observations during
core dissection.
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Figure 2-11. Bulk density, porosity, grain size, 13705 activity, and 210py, activity for Core CSJ. As in Core CSI (Figure 2-9),
this core contained a layer of sediment at its top (here 0.10 m thick) in which 137¢s is entirely absent.
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Figure 2-12. Bulk density, porosity, grain size, 137¢4 activity, and 210py, activity for Core CSC.
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Figure 2-13. X-radiograph image and stratigraphic diagram for Core CSB.
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Figure 2-14. Stratigraphic diagram for Core CSA.
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Figure 2-15. X-radiograph image and stratigraphic diagram for Core CSD.
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Figure 2-16. After Kirby (2000). Schematic cross-sections of eroding and
accreting muddy shorelines (based on the Mehby Rule, described by
Kirby [2000, 2002]). Erosion-dominated coasts reach an equilibrium pro-
file that is typically concave and low in elevation, being comprised prin-
cipally of sediment that is well-consolidated mud and peat. The profile
maintains this shape as it retreats landward;, waves and currents aid in
removal and transport of sediment, often leaving a lag deposit of carbon-
ate shell material that is swept up onto the backshore marsh. Accreting
mudflats, in contrast, are elevated and convex in cross-section, with a
wide intertidal zone (Friedrichs and Aubrey, 1996). Arrows indicate a
continuum of profiles intermediate between the two end-member
conditions.
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Figure 2-17. Examples of coastal morphology that typify erosional environments on the
chenier plain. a: Peat terrace exposed in the swash zone at Site CSB. The old marsh sur-
face is covered by a thin veneer of carbonate sand that forms a beach. b: Peat terrace ~1
m high, forming a scarp along the central chenier plain near Site CSC. A thin carbonate
sand beach (~<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>