— ]

U.S. Department of the Interior
U.S. Geological Survey

REPRESENTATIVE PUBLICATIONS
FROM THE

LOUISIANA BARRIER ISLAND
EROSION STUDY

Compiled by

S. Jeffress Williams', Helana A. Cichon’,
Karen Westphal?, and Karen Ramsey*

*-:?‘{3‘*%
et ol 'j,‘z.",ﬁ* II
-7 P "'“"l‘
) {“,""J )
PRI
~ g
@@'?5‘3‘3‘:" ‘
W
Open-File Report 92-530

This report is preliminary and has not been reviewed for conformity with USGS editorial standards or with the ﬁ
North American Stratigraphic Code. Opinions and conclusions expressed herein do not necessarily represent |
those of the USGS. Any use of trade, product, or firm names is for descriptive purposes only and does not imply
endorsement by the US. Government.

lus. Geological Survey, 914 National Center, Reston, VA 22093
? Louisiana Geological Survey, Box G, University Station, Baton Rouge, LA 70893

—
—



Table of Contents

(Papers are arranged in chronological order.)

Introduction . . ... ...ttt ittt it it sttt ettt

Coastal Erosion and Wetlands Loss in Louisiana:

Status of U.S. Geological Survey Coastal Research Activities ......

Louisiana Barrier Island Erosion Study .........................

Delta Plain Development and Sea level History in the Terrebonne

Coastal Region, Louisiana .........ccuitenreneneenneneennnnn
The People, Boats, Homes, and Economics of "The Bayou Country” .....
Evolution of Cat Island Pass, Louisiana . ..................c......
Transgressive Evolution of the Chandeleur Islands, Louisiana . ........

A Geomorphologic Model for Mississippi Delta Evolution . ............

Transgressive Depositional Systems of the Mississippi Delta Plain:

A Model for Barrier Shoreline and Shelf Sand Development .......

Barrier Island Erosion and Protection in Louisiana: A Coastal

Geomorphological Perspective .........c.cciitiitenenennennnn.
Louisiana Barrier Island Erosion Study: Further Results ............
Sea-Level Rise and Subsidence in Louisiana and the Gulf of Mexico . ...

Erosion and Washover in Coastal Louisiana . ........c...uoveeeue...

The 1985 Hurricane Impacts on the Isles Dernieres, Louisiana: A

Temporal and Spatial Analysis of the Coastal Geomorphic Changes . .

Sequence Stratigraphy of the Mississippi Delta . ...................

Massive Sediment Bypassing of a Wide Tidal Inlet: Cat Island

Pass, Louisiana . ... ...covi it it inernnsoeeneennsenennaanns

Distribution and Textural Character of Surficial Sediments,

Isles Dernieres to Ship Shoal Region, Louisiana ................

de



Inner Shelf Deposits of the Louisiana-Mississippi-Alabama Region,
Gulf of MexXico .. ... ittt ittt i teiteeacasnoaesacanennns 193

Offshore and Onshore Sediment Resource Delineation and Usage for
Coastal Erosion Control in Louisiana: the Isles Dernieres and
Plaquemines Barrier Systems ............... ..., 201

Coastal Land Lossin Louisiana ...........cceviteeeneeennoennnnns 215

Coastal Land Loss: Using Barrier Island Techniques in Louisiana
to Protect Estuarine Environments ........................... 231

Relative Sea-Level Rise in Louisiana and the Gulf of

Mexico: 1908-1988 . . . ... ..ttt iiiiieeranensansenananans 233
Preliminary Assessments of the Occurrence and Effects of Utilization

of Sand and Aggregate Resources of the Louisiana Inner Shelf . ..... 253
Offshore Sand Resources for Coastal Erosion Control in Louisiana ...... 261
Aeolian Sand Bodies of the South Louisiana Coast .................. 273
Facies Architecture of the Bayou Grand Caillou Area: An Abandoned

Shallow Water Delta of the Mississippi River Delta Plain .......... 297
Results of Geologic Processes Studies of Barrier Island Erosion

and Wetlands Loss in Coastal Louisiana ....................... 307
Effects of Sea Level Rise on the Mississippi River Delta Plain .......... 319
Geologic Controls on the Formation and Evolution of Quaternary

Coastal Deposits of the Northern Gulf of Mexico ................. 335
Late Quaternary Geologic Framework, North-Central Gulf of Mexico .... 349
Mapping Barrier Island Changes in Louisiana: Techniques,

Accuracy,and Results ............. ..ttt ennnnnnns 365
Accuracy of Shoreline Change Rates as Determined from Maps and

Aerial Photographs . .............i ittt 381
Large-Scale Coastal Evolution of Louisiana’s Barrier Islands .. ......... 391

Recent Geologic Development of the Eastern Louisiana
Continental Shelf ............. ... . i iiiiieennn. 407



The Mississippi Delta Plain’s Levees, Crevasses, and Sediments ........ 411

Morphodynamics of the Isles Dernieres Barrier Shoreline,

Louisiana: 1984 - 1989 . ... ... ...ttt tnennenennns 421
Morphodynamic Signature of Storm Impact Processes at the

Isles Dernieres Barrier Island Arc: 1984-1989 ................... 437
Morphodynamic Signature of the 1985 Hurricane Impacts on the

Northern Gulfof Mexico .......... .0ttt emeanrneaennns 439
Environmental Issues in the Gulf of Mexico: Stimulus for Research . . . ... 455
Nearshore Holocene Stratigraphy, Northern Gulf of Mexico:

Integration of Regional Geologic Studies ....................... 457
Holocene Development of Shelf-Phase Mississippi River Delta Plains .... 465
Holocene Geologic Framework of the Trinity Shoal Region,

Louisiana Continental Shelf ................ ..., 469
Rates of Relative Sea Level Change in the Northern Gulf of Mexico ..... 481
Implications of Accelerated Sea-Level Rise on Louisiana

Coastal Environments . ...........ccuttiteneenaonnaaaannaans 489
Late Quaternary Chronostratigraphic Framework, Northern

GuUIf Of MeXiCO . . .ottt it ittt it iieeeeennenecaasoanaanaans 505
Aerial Videotape Mapping of Coastal Geomorphic Changes ............ 507
Accuracy Standards and Development of a National Shoreline

ChangeDataBase .........cc.oiuiitiiiimeimineennenenennnnns 529
Regional Coastal Erosion Research and Beach Preservation . . .. ........ 545

iii



Introduction

The Louisiana Barrier Island Erosion Study was a cooperative investigation
conducted by the U.S. Geological Survey (USGS) and the Louisiana Geological
Survey (LGS) over a 5-year period (1986-1990). Encompassing the coastal deltaic
plain region of south-central Louisiana, the study focussed primarily on the
geologic framework and evolution of the coast and inner continental shelf, the
critical coastal and nearshore processes, and the transfer and application of the
scientific results to a broad audience. As one of nine studies of the USGS
National Coastal Geology Research Program, the results of this study are
becoming the foundation on which other studies in the Gulf of Mexico region are

building. .

The publications included in this report represent a sampling of interim and
final results of research investigations conducted not only by the USGS and the
LGS but also by the Louisiana State University and other universities as well.

The USGS National Coastal Geology Research Program is headquartered in
St. Petersburg, Florida, with additional personnel based in Reston, Virginia;
Woods Hole, Massachusetts; and Menlo Park, California. The Louisiana
Geological Survey is located on the campus of Louisiana State University, Baton
Rouge, Louisiana.



Coastal Erosion and Wetlands Loss in Louisiana:
Status of U.S. Geological Survey
Coastal Research Activities

S.Jeffress Williams
U.S. Geological Survey
914 National Center
Reston, VA 22092

Introduction

More than one-half of the population of the United States currently live
within 50 miles of one of the Nation’s ocean or Great Lakes coasts, and the
density of population and development in the coastal zone is predicted to
increase into the 21st century. At present, developed coastal areas face
potential loss of life and billions of dollars in property damage because of long-
term coastal erosion and storm effects. In addition, valuable coastal wetlands
and estuarine habitats are being altered rapidly as a result of natural and man-
induced factors. All 30 States bordering a coast are experiencing erosion and
wetlands deterioration, and 26 of these States suffer from an overall net erosion
of their shorelines. The National Academy of Sciences forecasts an increase in
sea-level rise; this would accelerate coastal erosion and wetlands degradation.

The physical processes causing wetlands loss and barrier island erosion
are complex and varied, and many are not well understood. In addition, the
technical and academic community debate about which of the many
contributing processes, both natural and human-induced, are most significant.
Controversy also surrounds some of the measures that are being proposed to
mitigate erosion and reduce wetlands loss. Much of the debate is focused on the
reliability of predicted results of a given management, restoration, or erosion
mitigation technique. With better understanding of the physical processes
causing erosion and wetlands loss, such predictions will become more accurate,
and a clearer consensus should appear on which solutions will be most effective.

Role Of The U.S. Geological Survey
In Coastal Erosion And Wetlands Loss Research

As the primary Federal agency for conducting research and information
gathering on all earth-science topics, the U.S. Geological Survey (USGS) is
engaged in studies focused on improving scientific understanding of the
physical processes affecting coastal environments. In 1992, the USGS’s National
Coastal Geology Program supported ten major regional studies, with five
addressing erosion, three addressing wetlands deterioration, and two
addressing pollution; they are: (1) Louisiana Barrier Island Erosion, (2)
Louisiana Wetlands Loss, (3) Southern Lake Michigan Coastal Erosion, (4)
Alabama/Mississippi Coastal Erosion and Pollution, (5) Western Louisiana-East
Texas Erosion, (6) Lake Erie (Ohio) Erosion, (7) Massachusetts Bay Pollution,
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(8) Great Lakes and Florida Wetlands Loss, (9) South Carolina Erosion, and (10)
Great Lakes Regional Mapping. Each study is being done in close cooperation
with other Federal agencies (e.g., U.S. Fish and Wildlife Service (USFWS), U.S.
Army Corps of Engineers, National Oceanic and Atmospheric Administration,
Environmental Protection Agency) and State geological surveys as well as
academic researchers. The two Louisiana studies are described below.

Louisiana Barrier Island Erosion Study

Much of the territory bordering the Gulf of Mexico is undergoing
shoreline erosion. Louisiana, however, has the greatest rate of erosion
compared with other Gulf region States, and also with other coastal States.
Much of this erosion occurs along the barrier islands, which act as buffers,
protecting landward wetlands and estuaries from the effects of storms, ocean
waves, and currents.

In 1986, the USGS and the Louisiana Geological Survey (L.GS) began a 5-
year study that focused on the processes causing barrier island erosion. The
study areas extended from the Isles Dernieres to Sandy Point and to the
Chandeleur Islands east of the Mississippi River Delta. Because long-term
erosion of Louisiana’s barrier islands is due to both sea-level rise, relative to the
land, and diminishing sand supply, the primary objectives of this study were to
quantify processes related to sea-level rise and sand supply and to present the
results in a form that can be applied to practical problems such as predicting
future changes. The study was divided into three main parts:

 Investigations of the geologic framework of the Mississippi River deltaic
plain where the barrier islands formed and migrated landward. This
involved using sediment cores and geophysical profiles to provide a broad
regional understanding of the historical development of the barrier islands
and a conceptual view of the processes of barrier island erosion.
Comparisons of archival maps and photographs of the coast (from the past
135 years) yielded accurate measurements of the geomorphic changes taking
place.

o Development of a better quantitative understanding of the processes
responsible for erosion. The focus was on only a few of the many physical
processes, including relative sea-level rise, overwash, net offshore sediment
transport, and gradients of sediment transport. Careful analyses of tide
gauge records showed a progressive rise in relative sea level over the entire
region, with local rates exceeding 1 cm/yr. Most of the rise is due to
compaction and subsidence of the recent deltaic sediments. A series of field
experiments and modeling efforts were undertaken (e.g., direct
measurements of overwash of the Isles Dernieres barrier islands during
winter storms and hurricanes).

o Compilation of the research results as digital data sets, atlases, and
technical reports for use by coastal scientists, planners and engineers.



Applications of the study results include developing better techniques for
determining the rate at which artificially nourished beaches should be
replenished and predicting future shoreline erosion so coastal planners can plan
construction at a safe distance landward from the eroding shoreline.

This study was concluded in September 1990, and final products are being
completed.

Louisiana Wetlands Loss Study

Of the 48 conterminous States, Louisiana has 25 percent of the vegetated
wetlands and 40 percent of the tidal wetlands. These coastal wetlands,
including the associated bay and estuary environments, support renewable
natural resources valued at approximately $1 billion per year. However, an
estimated 80 percent of the Nation’s tidal wetlands area loss has occurred in
Louisiana. The areas of greatest loss are in the modern Mississippi River Delta
and the Barataria and Terrebonne basins to the west. Map comparisons by
several scientists have been used to show that wetlands loss has steadily
increased during the 20th century to an estimated 100 km*/yr by 1978, the latest
year for which detailed measurements are available. If this rate of wetlands
loss continues, the USACE estimates that in the next 50 years, nearly 1 million
acres of Louisiana wetlands will be converted to open water.

Conceived as a natural extension of the Barrier Island Erosion Study, this
USGS study began in late 1988 in cooperation with the USFWS and Louisiana
State agencies. Emphasis is on understanding the critical physical processes
that cause the extreme rate of wetlands loss in coastal Louisiana and identifying
the best management practices to address those losses.

This USGS and USFWS wetlands study includes four parts: (1) baseline data
is being compiled and put into a computer-based Geographic Information
System; (2) research is being conducted on a basin scale to understand some of
the critical processes causing wetlands loss; (3) at specific sites, research is
being conducted on the effects and utility of various wetlands management
activities on the processes; and (4) the information and results from these
studies are being passed to the user community by means of reports, maps, and
workshops.

The wetlands study elements dealing with research on some of the critical
physical processes are being undertaken by USGS scientists as well as scientists
at LGS and Louisiana State University under contract with the USGS. Field
studies are underway in two separate hydrologic basins, one sediment-rich and
the other sediment-poor, in order to compare and contrast the dominant
processes in each. Investigations are nearly complete in the sediment-poor
Terrebonne Basin-Timbalier Bay and parts of the Barataria Basin; field studies
in the sediment-rich Atchafalaya basin started in 1991. Research elements
under investigation for each basin include meteorological forcing events, fine-
grained sediment dispersal, saltwater and freshwater dispersal, physical
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processes of marsh deterioration, wetlands soil development, and subsidence-
soil compaction. In addition, a study contracted to Coastal Environments, Inc.,

has examined and reported on the effects of small-scale freshwater diversions

from the Mississippi River on brackish marshes adjacent to the levees. The
duration of the USGS-USFWS Wetlands Study is anticipated to be six years.

Summary

In addition to the ten studies currently underway in USGS’s National
Coastal Geology Program, other activities have been undertaken. Congress
directed the USGS to formulate a plan to extend and expand regional coastal
studies into a research program of national scope, an effort which included
obtaining recommendations from other Federal agencies as well as the
appropriate agencies in each of the 30 coastal States. The plan, prepared and
submitted to Congress in May 1990, addresses research needs for coastal issues -

erosion, wetlands loss, polluted sediments, and marine hard-mineral resources -
and provides for two complementary types of research: fundamental studies
focusing on critical processes, which can be applied nationally, and regional
studies to improve understanding of natural and man-induced processes within
specific regions. While not fully funded by Congress, incremental funding for
some regional studies has been provided as a result. In addition, Congress
directed the USGS to prepare a plan for a potential new regional study in
Hawaii and U.S. possessions in the Pacific.
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Louisiana Barrier Island Erosion Study

Asbury H. Sallenger, Jr.*, Shea Penland*x*,
S. Jeffress Williams*, and John R. Suter*x*

Abstract

During 1986, the U.S. Geological Survey and the
Louisiana Geological survey began a five-year cooperative
study focused on the processes which cause erosion of
barrier islands. These processes must be understood in
order to predict future erosion and to better manage our
coastal resources. The study area includes the Louisiana
barrier islands which serve to protect 41% of the nation's
wetlands. These islands are eroding faster than any other
barrier islands in the United States, in places greater
than 20 m/yr. The study is divided into three parts:
geological development of barrier islands, gquantitative
processes of barrier island erosion and applications of
results. The study focuses on barrier islands in
Louisiana although many of the results are applicable
nationwide.

Introduction

Coastal erosion and wetland loss are serious national
problems with long-term economic and social consequences.
Developed areas face billions of dollars in property
damage and potential loss of life as a result of long-term
erosion and storm impacts, and valuable wetlands are being
altered at rapid rates. Of the 30 states bordering an
ocean or Great Lake, 26 presently experience a net erosion
of their shores (May and others, 1983). Erosion will
likely accelerate in the future in view of the National
Academy of Sciences and the Environmental Protection
Agency forecasts of increasing rate of sea level rise
(Hoffman and others, 1983).

Louisiana has the highest rates of coastal erosion
and wetland loss of any of the United States. In the
Mississippi River delta plain, rates of wetland loss
exceed 102 square kilometers per year (Gagliano and
others, 1981). Louisiana's barrier islands, which serve
to protect wetlands, are eroding in places up to 20 m/yr
(Penland and Boyd, 1981). These barriers are not simply
migrating landward while maintaining a constant length and

* U.S. Geological Survey, 914 National Center, Reston, VA
22092 .

** Jouisiana Geological Survey, University Station, Box G,
Baton Rouge, LA 70893
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width. Rather, the islands are decreasing in area as they
migrate landward. For example, between 1890 and 1979,
Louisiana barriers decreased in area by 37%, from 92 to 58
square kilometers (Penland and Boyd, 1981; 1982). If this
rate of land loss continues, the barrier islands will
disappear, which in turn will accelerate the destruction
of valuable wetlands. Louisiana contains 41% of the
nation's wetlands which support a one billion dollar a
year fishery. The magnitude of barrier island erosion and
wetland loss in Louisiana is a problem of national
significance.

Many of the processes contributing to barrier island
erosion are poorly understood and are not gquantifiable
with any degree of confidence. These processes must be
better understood in order to predict the future shoreline
response and, thus, allow better management of our coastal
resources. In 1986, the U.S. Geological Survey (USGS) and
Louisiana Geological Survey (LGS) began a 5-year study
focused on the processes causing barrier island erosion.
In this paper, we discuss the objectives of the ongoing
study, present the approach that we are taking, and
outline some results from our initial efforts.

Study Overview

Long-term erosion of Louisiana's barrier islands is
due both to sea level rise relative to the land and
diminishing sand supply. The primary objectives of the
study are to better quantify processes related to sea
level rise and sand supply, and to present the results in
a form so that they can be applied to practical problems,
such as prediction of future changes. The study is
divided into three overlapping parts: geologic
development of barrier islands, quantitative processes of
barrier island erosion, and applications of results. Each
part of the study will be discussed in subsequent
sections.

Basic data required by each part of the study include
historical measures of volumetric changes in sediment on
the islands and offshore. Previous studies have documented
shoreline changes and wetland loss in Louisiana (e.qg.
Morgan and Larrimore, 1957; Penland and Boyd, 1981; and
Gagliano and others, 1981). Since the most recent
bathymetric survey of coastal Louisiana was prepared in
the 1930's, there have been few studies which compared
historical charts for volumetric changes. Our initial
work included resurveying bathymetry in the vicinity of
Isles Dernieres, a barrier island arc that extends for 35
km along the central Louisiana coast (Figs. 1, 2, and 3).
These barriers are eroding faster than any of the other
barrier islands in Louisiana. In 1887, Isles Dernieres
was nearly a continuous island, whereas by 1985 the
barrier was cut into a series of smaller islands separated
by wide inlets (Fig. 4). During this same period, the Gulf
front shoreline retreated more than a kilometer (Figs. 4
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Figure 1. Location of the USGS/LGS Barrier Island
Erosion Study.

Figure 2. Aerial photograph of part of the Isles

Dernieres.
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KILOMETERS

Figure 3. Mesh perspective plot of bathymetry in the
vicinity of the barrier islands known as Isles Dernieres.
Bathymetry from a new survey conducted by the USGS/LGS
study during May-June 1986.

and 5). Over a 92 year period, the Isles Dernieres have
decreased in area 63%, from 48 to 18 square kilometers, a
rate of 0.33 square kilometers per year (Penland and Boyd,
1981). Projecting this rate into the future, the Isles
Dernieres will disappear by the year 2034.

I. Geological Development of Barrier Islands

A first step in evaluating causes of barrier island
erosion is to establish the geologic framework within
which the barriers formed and migrated landward. These
studies, which involve both stratigraphy and geomorpholgy,
are providing a broad regional understanding of the
historical development of the islands and are contributing
to a conceptual understanding of the processes involved.

Regional Stratiqgraphy

The formation of the Louisiana barrier islands is closely
related to the development and subsequent erosion of
abandoned Mississippi River deltas (Kolb and Van Lopik,
1958; Fisk, 1944; Frazier, 1967; and Penland and Boyd,
1981). The changing course of the Mississippi River over
the past six thousand years has lead to the development of
at least four delta complexes which overlap and create
complicated sedimentary facies relationships (Coleman and
Gagliano, 1964; Frazier, 1967). oOur objective is to map
the stratigraphy and facies relationships between each
transgressive barrier shoreline and its associated delta,
both onshore and offshore. The three-dimensional geometry
and sediment texture of facies are being defined by
analyzing high resolution geophysical profiles and
vibracores, supplemented by surface sampling and drilling.
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Figure 4. Shoreline of the Isles Dernieres from surveys of
1887, 1934, and 1985. The 1887 and 1935 shorelines were
digitized from historical maps of the NOAA National Ocean
Survey. The 1985 shoreline was digitized from USGS/LGS
vertical photography that had been corrected for
distortion and printed in map format.

NOISO¥d ANVTISI Jarive

LOST



10

1508 COASTAL SEDIMENTS 87

(m)

DEPTH, MLW

T2, 2 + ) 8 10 12

DISTANCE SEAWARD (km)

Figure 5. Example of historical shoreface erosion from the
Isles Dernieres. Profile location is 12 km west of
eastern end of Isles Dernieres. The 1887 and 1935
bathymetry have been digitized from historical surveys of
the National Ocean Survey, and the 1986 bathymetry is from
the May-June survey funded by this study. The vertical
datum is mean low water at the time of the survey and has
not been adjusted for historical changes associated with
relative sea level rise.

Age relationships and sea-level history are being
determined through geochronological techniques. These
studies are supplying data needed by the quantitative
process investigations, such as the distribution of sands
both surficially and in.- the subsurface.

Between 1982 to 1985, the USGS and LGS have
collaborated to collect more than 10,000 line-~km of
high-resolution seismic-reflection profiles in coastal
Louisiana. These profiles are part of a regional data
base used to provide information on the shallow geologic
framework of the Louisiana inner shelf and to locate
nearshore sand resources (Penland and Suter, 1983; Penland
and others, 1985). In 1986, as part of the study discussed
here, an additional 1200-line km of geophysical data were
surveyed off the Isles Dernieres and 148, 40 foot-long
vibracores were obtained (Fig. 6).

Geomorpholoqy

Hurricanes, tropical storms, and cold fronts all
contribute to erosion of Louisiana's barrier islands. The
effects of these storms on the geomorphology of the
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Figure 6. Track lines of the 1986 geophysical cruise.
Seismic systems used in the 1986 cruise include an ORE
Subbottom Profiler and an ORE Geopulse.

islands are being investigated using pre- and post-storm
aerial videotapes, mapping photography, and beach
profiles. Offshore, the response of the shoreface ;o
storms are being examined through repetitive bathymetric

profiles and sediment sampling. Processes are being
qualitatively assessed through examining water levels,
offshore wave conditions, and meteorological data. These
studies are providing regional scale information on the
variability of erosion and the different processes at
work, and are contributing to determining relative roles
of infrequent but severe hurricanes to the more frequent
but less severe cold fronts. The results of these studies
are identifying processes to be addressed by the
quantitative studies.

Since 1984, the LGS has conducted annual videotape
surveys of the Louisiana coastline. As we prepared for
>ur study in the summer and fall of 1985, three hurricanes
impacted the Gulf Coast between Louisiana and Florida.
Pre- and post-storm aerial videotape surveys showed that
barrier shorelines underwent repeated intense overwash,

11
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and beach and dune erosion exceeding 30 m (Penland, Suter,
and Nakashima, 1986). The effects of Hurricane Danny on
the barrier islands west of the Mississippi River are
summarized in Figure 7.

II. Quantitative Processes of Barrier Island Erosion

Many processes contributing to barrier island erosion
can not be accurately gquantified. 1In some cases, it is
even difficult to assess whether one process is more
important in causing erosion than another. In this study,
we focus our efforts and resources on several processes
that are not well understood, but are approachable
experimentally.

Sea lLevel Rise

In coastal Louisiana, relative sea level is rising
rapidly as a result of land subsidence and world-wide sea
level (eustatic) rise. Erosion due to sea level rise is
not entirely due to inundation, but includes a
readjustment of the nearshore profile (e.g. Bruun, 1962)
that is not well understood. Critical processes
controlling erosion due to sea level rise, such as the
distances offshore and onshore to which sand is exchanged
with the beach during the storm/recovery cycle, are being
determined. Models which predict erosion due to sea level

HURRICANE DANNY IMPACT 1985:
WEST DELTA BARRIER SHORELINES

PLAQUEMINES BARRIER SHORELINE

oShell lsland Cut Enlarges
eByaches Erode 20-60 1.

. ePipeline Canals Accelerate Erosion
eMultiple Overwash Channels Cut

ISLES DERNIERES
®Multiple Overwash Channels Cut BAYOU LAFOURCHE
eRestoralion Project is Effective BARRIER SHORELINE
eBeaches Erode 30-100 11 eGeaches Erode 30-100 ty
'5’.".'.:'.."'::.1,,“'""’" Swemp eMultiple Overwash Channels Cut
®Localized Seawal Failures

®Grand lsie Restoration Project
is Effective

Figure 7. Summary of shoreline effects of Hurricane Danny

Yggc? occurred in 1985 (adapted from Penland and others,
6).
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rise (e.g. Everts, 1985) are being tested against
historical measures of erosion.

Our first step was to determine as accurately as
possible the magnitude of relative sea level (RSL) rise
(Fig. 8). At tide stations in both Houma and Grand Isle,
linear regression of the entire record indicates RSL rise
of 1.3 cm/yr. This is significantly greater than the
eustatic rise, or world wide sea level rise, of about 0.01
cn/yr (Gornitz and others, 1982). Interestingly, there
appears to be a recent acceleration in RSL rise that also
occurs around the U.S. coast of the Gulf of Mexico,
although at different magnitudes (Penland and others, in
press).

Overwash Processes

It is well known that overwash during stormns
contributes to the net landward transport of sediment and
the landward migration of Louisiana‘'s barrier islands
(Ritchie and Penland, 1985). However, the magnitude of
the contribution of overwash to shoreline erosion is not

HOUMA, LA
120 1946-1983
§ soJ-
z
<
w (110
=
>
z 3of
<
-
| 1 1 __f
o 0 1 | o | - 1 L
w
; Entire Record
3 eof 1.3 *+ 0.2 cm/yr
b ~_1962-83
3°L 7 1.9 £ 0.4 cm/yr
1946-62
0.1+ 0.3 cm/yr
o 1 ul A 1 1 4 i | L 1
1940 1950 1960 1970 1980

YEAR

Figure 8. Water level time series for the U.S. Army Corps
of Engineers tide gauge station at Houma (Intracoastal
Waterway, #25). For location, see Figure 1. Note that
there appears to be a recent acceleration @n sea level
rise. (Plot adapted from Penland and others, 1in press).
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well known. Our objectives are to better quantify
processes forcing overwash and to quantify landward
sediment transport during overwash events. The plan
includes monitoring overwash events with a variety of
sensors, including wave and current meters, mounted on a
barrier island. Additional assessments of sediment
transport include measurements of morphological changes
and tracer studies.

During the initial phase of the study, we have begun
overwash experiments on the Isles Dernieres (Fig. 9). The
experiment area is of very low relief with a berm about 1
to 1.5 m above MSL. Minor dunes occur in scattered
locations, but overwash generally flows like a sheet over
the barrier compared to channelized overwash that occurs
when foredune ridges are well developed and breached
(Ritchie and Penland, 1985). Figure 10 shows some of the
instruments that have been deployed. The acoustic
altimeter measures the distance, in air, between the
altimeter and the sand surface. This provides measures of
erosion and accretion immediately after storms, once the
storm surge recedes. During overwash events, the
altimeter measures the distance between the altimeter and
the sea surface providing water depth and wave height
data. Should the storm surge become too deep for the

-

S i - e

Figure 9. Oblique aerial photograph of the Isles Dernieres
showing the transect across the island that is the
location of overwash experiments.
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Figure 10. Examples of the instruments deployed as part of
the overwash experiments. Shown are an experimental
acoustic altimeter (A), a pressure sensor (B), and
an electromagnetic current meter (C).

altimeter to function, a pressure senor (B) will measure
sea surface elevations. All instruments are hardwired to
a tower where the data, along with additional
meteorological data, are digitized and transmitted to the
Louisiana Universities Marine Consortium (LUMCON) in
Cocodrie, LA, 32 km away.

Net Offshore lLoss of Sediment

During storms, as a result of a variety of different
processes, sediment can be transported across the surf
zone to the inner shelf. For example, during a hurricane
Murray (1970) measured very strong offshore mean flows
that could contribute to transporting sand offshore. In
the Gulf coast environment, where high-energy swell is
generally absent, the potential for sand movement onshore
following a storm is not as high as coasts where swell
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prevails under nonstorm conditions. The sand may be
spread in thin sheets across the inner shelf and the
buildup over time may be difficult to detect with
traditional measures of bathymetry. Objectives are to
better understand processes which might force strong
offshore flows seaward of the surf zone during storms, and
to assess sediment transport using a variety of
independent means, such as direct measurement of suspended
sediment, calculations, and measurements of bottom
changes. Work on this task is planned to begin during the
second year (1987) of the study.

Longshore Sediment Transport

The most commonly used models for predicting
longshore sediment transport are integrated across the
surf zone and the assumption is made that sand extends
across the surf zone (e.g. Komar and Inman, 1970). In
Louisiana, this assumption is commonly not valid. During
a major storm, the surf zone can be extremely wide yet the
sand may only be concentrated at the shoreline and perhaps
in the form of nearshore bars. Our major objective here
is to develop a better means for assessing longshore
sediment transport in a sand/mud environment so that the
role of gradients in longshore transport in causing
erosion can be better determined. Work on this task is
planned to begin during the third year of the study.

IXI. Applications of Results

our ultimate objective is to present the results on
the processes of barrier island erosion in a form so that
they can be applied to practical problems. The types of
applications include developing better techniques for
determining the rate at which artificially nourished
beaches should be renourished, finding potential sources
of sand offshore for beach nourishment, and predicting
future shoreline erosion so that coastal planners can
properly locate new construction a safe distance landward
from the eroding shoreline. This part of the study is
being approached by working with coastal engineers and
coastal planners.

Summary

In 1986, the U.S. Geological Survey and Louisiana
Geological Survey began a new cooperative study on the
processes causing barrier islands to erode. The study
includes investigations of the geologic development of
barrier islands, experiments on quantifying critical
processes of erosion, and integration of results such that
they can be applied to practical problems. The study is
located in Louisiana, however, many of the results will be
applicable nationwide.



BARRIER ISLAND EROSION 1515

References

Bruun, P., 1962, Sea level rise as a cause for erosion, J.
Waterways and Harbors Div., ASCE, v. 88, p. 117-130.

Cocleman, J.M. and Gagliano, S.M., 1964, Cyclic
sedimentation in the Mississippi River deltaic plain,
Trans., Gulf Coast Assoc. Geol. Soc., v.1l4, p. 67-82.

Everts, C. H., 1985, Sea level rise effects on shoreline
position, J. Waterway, Port, Coastal and Ocean
Engineering, ASCE, v. 111, n. 6, p. 985-999.

Fisk, H.N., 1944, Geologic investigation of the alluvial
valley of the lower Mississippi River, U.S. Army Corps of
Engineers, Mississippi River Commission, Vicksburg, MS,
78p.

Frazier, D. E., 1967, Recent deltaic deposits of the
Mississippi River: their development and chronology,
Trans., Gulf Coast Assoc. Geol. Soc., Vv. 17, p. 287-315.

Gagliano, S. M., Meyer-Arendt, K. J., and Wickes, K. M,
1981, Land loss in the Mississippi River deltaic plain,
Gulf Coast Association of Geological Societies, v. 31, p.
295-300.

Gornitz, V., Lebedeff, S., and Hansen, J., 1982, Global
sea-level trend in the past century. Science, v. 215, p.
1611-1614.

Hoffman, J. S., Keyes, D., and Titus, J. G., 1983,
Projecting future sea level rise: methodology, estimates
to the year 2100, and research needs: U.S. Environmental
Protection Agency, EPA 230~ 09-007, 121 p.

Kolb, C.R. and Van Lopik, J.R., 1958, Geology of the
Mississippi River deltaic plain, southeast Louisiana, U.S.
Army Corps of Engineers, Mississippi River Commission,
Vicksburg, MS, 78 p.

Komar, P. D., and Inman, D. L., 1970, Longshore sand
transport on beaches, J. Geophys. Res., v. 75, no. 30, p.
5914-27.

May, S. K., Dolan, R., and Hayden, B. P., 1983, Erosion of
U.S. Shoreline, EOS, Trans. American Geophys. Union,
August 30, p. 521-522.

Morgan, J.P. and Larrimore, P.B., 1957, Changes in
Louisiana's shoreline, Trans. Gulf Coast Assoc. Geol.
Soc., v. 7, p. 303-310. .

Murray, S. P., 1970, Bottom currents near the coast during
Hurricane Camille, J. Geophys. Res., v. 74, p. 4579-82.

17



18

1516 COASTAL SEDIMENTS °87

Penland, S., and Boyd, R., 1981, Shoreline changes on the
Louisiana barrier coast, IEEE Oceans, Marine Technology
Soc., p. 209-219.

Penland, S., and Boyd, R., 1982, Assessments of geological
and human factors responsible for Louisiana coastal
barrier erosion, in Proc. Conf. on Coastal Erosion and
Wetlands Modification in Louisiana: Causes, Consegquences
and Options (D. Boesch, ed.) U.S. Fish and Wildlife
Service, Biological Services Program, FWS/OBS-82/59, p.
14-51.

Penland, S., Ramsey, K. E., McBride, R. A., Moslow, T. F.,
and Westphal, K. A., in press, Relative sea level rise and
subsidence in Louisiana and the Gulf of Mexico, Louisiana
Geological Survey, Coastal Geology Publication Series,
Coastal Geology Technical Report, n. 3, 85p.

Penland, S. and Suter, J.R., 1983, Transgressive coastal
facies preserved in barrier island arc retreat paths in
the Mississippi River delta plain, Trans. Gulf Coast
Assoc. Geol. Soc., v. 33, p. 367-382.

Penland, S., Suter, J.R., and Boyd, R., 1985, Barrier
island arcs along abandoned Mississippi River deltas,
Marine Geology, v. 63, p. 197-233.

Penland, S., Suter, J.R., and Nakishima, L., 1986,
Protecting our barrier islands, Louisiana Conservationist,
v. 38(1), p. 22-25.

Ritchie, W. and Penland, S., 1985, Overwash process-
response characteristics of the Caminada-Moreau barrier
shoreline, Louisiana, in Transgressive Depositional
Environments of the Mississippi River Delta (S. Penland
and R. Boyd, eds.), Louisiana Geological Survey, Guide
Book Series, p. 141-176.

Suter, J.R., 1986, Buried late Quaternary fluvial channels
on the Louisiana continental shelf, in P.A. Pirozzoli and
J.R. Suter, eds., J. Coastal Research, Spec. Issue No. 1,
p. 27-38.



Reprinted from “Coastal Sediments ‘87"
WW Div./ASCE, New Orleans, LA, May 12—-14 1987

DELTA PLAIN DEVELOPMENT AND SEA LEVEL HISTORY
IN THE TERREBONNE COASTAL REGION, LOUISIANA

Shea Penland'. John R. Suterz. and Randolph A. McBride3
ABSTRACT

The Terrebonne coastal region is located on the south central por-
tion of the Mississippi River delta plain. The depositional history of
this area was investigated using vibracores, seismic profiles, radio-
metric dating techniques and tide gauge record analysis. A new chrono-
stratigraphic model depicting Lafourche and Teche delta complex develop-
ment is presented. Eustatic-enhanced and isostatic sea level changes
were delineated based on the correlation of regressive and transgressive
delta-plain sequences with regional and localized ravinement surfaces.
Tide gauge analysis indicates the Terrebonne coastal region is faced
with potentially catastrophic land loss conditions over the next century
if current relative sea level rise acceleration rates of 1.03-1.28 cm/yr
continue.

INTRODUCTION

The development and stability of coastal depositional systems are
controlled by a balance between changes in relative sea level and sedi-
ment supply (Curray, 1964). In the Terrebonne coastal region, a combi-
nation of rapid relative sea level rise and a lack of sediment supply is
responsible for generating the most severe wetland loss and barrier
island erosion conditions in the United States. The Terrebonne coastal
region is located on the Mississippi River delta plain in southeast Lou-
isiana stretching between Point Au Fer and Grand Isle, extending north
to Thibodaux, and offshore to Ship Shoal (Figure 1). Current predic-
tions indicate the Terrebonne coastal region will be converted to open
water in 135 years based on a land loss rate of 4162 hectares per year
(Gagliano et al. 1981). The magnitude of land loss taking place and the
documented acceleration in relative sea level rise evidence the need to
understand the relationship between delta plain development and sea
level history in order to forecast the future coastal conditions Louisi-
ana may face.

The objective of this paper is to explain the pattern of delta
plain development in the Terrebonne coastal region as it relates to the
history of relative sea level changes over the last 7000 years. The
analysis of vibracore, seismic, radiometric, and tide gauge data

Isenior Coastal Geologist, 2senior Marine Geologist, and 3Research
Associate, Louisiana Geological Survey, Box 6, University Station, Baton
Rouge, LA, 70893.
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provides the information necessary to delineate the depositional history
of this coastal region.
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Figure 1. Geological map of the Terrebonne coastal region with the
location of vibracore and seismic data presented in text
(Louisiana Geological Survey 1984).
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GEOMORPHIC SETTING

The Terrebonne coastal landscape is dominated by the abandoned dis-
tributaries of the Teche delta complex that radiate southeastward from
Bayou Teche at Morgan City and extend into the northwestern half of the
region (Figure 1). In the southeastern half of the region, distributary
ridgelands of the Lafourche delta complex dominate the landscape and
radiate southwestward before sinking below the marsh surface. Since the
end of the Holocene transgression, the Mississippi River delta plain has
been built by a process of sequential episodes of delta building fol-
lowed by abandonment and barrier shoreline generation collectively known
as the “delta cycle" (Fisk 1944; Kolb and Van Lopik 1958; Scruton 1960;
Coleman and Gagliano 1964; Frazier 1967; Penland et al. 198t). Tmugh
this process the Mississippi River built a delta plain 26,000 in
area. Chronostratigraphic models describing delta plain development
have been presented by Fisk (1944), Kolb and Van Lopik (1958), and
Frazier (1967). The most recent model (Frazier 1967) depicts a single
Holocene delta plain consisting of five delta complexes composed of 16
individual deltas (Figure 2).
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Figure 2. Frazier's (1967) chronostratigraphic model depicting a
single delta plain composed of five delta complexes consist-
ing of 16 individual deltas.

DELTA PLAIN STRATIGRAPHY AND DEVELOPMENT

Methods

The regional stratigraphy and development of the Teche and
Lafourche delta complexes are described based on the analysis of delta-
plain geomorphology, vibracores, radiocarbon-dated samples and high
resolution seismic profiles (Figure 1). Between 1981 and 1986, the Lou-
fsiana Geological Survey (LGS) collected a data set of 368 vibracores,
5000 line km of high resolution seismic profiles, and 158 new radiocar-
bon dates in the study area. In addition, records from 29 tide gauge

21
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stations in the Terrebonne coastal region and elsewhere in Louisiana and
the Gulf of Mexico were analyzed. The term delta plain is used to
describe a set of delta complexes deposited during a sea level still-
stand. Delta complexes are composed of smaller deltas, which are made
up of individual distributaries. Each of the delta plain systems has a
set of deposits separated by erosional unconformities (ravinement sur-
faces) caused by shoreface erosion upon transgression (Swift, 1975).
Each delta plain sequence consists of a regressive suite of environments
overlain by a transgressive suite of environments truncated by a ravine-
ment surface. The ages of these deltaic systems were delineated by the
radiocarbon dating of in-situ peat and shell deposits.

Teche Delta Complex

The Teche delta complex in the northwest portion of Terrebonne Par-
ish is separated from the younger Lafourche complex of the southeast by
a relict transgressive shoreline (Figure 3). The strike of the relict
shoreline, as delineated by McIntire (1958), is west to east along a
line extending from the mouth of Creole Bayou, to the western shore of
Lake Penchant, to southeast of Houma, where it is buried beneath the
i/
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Figure 3. A new chronostratigraphic model illustrating the distribu-
tion of individual deltas and associated shorelines in the
Terrebonne coastal region.
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Bayou du Large, Bayou Terrebonne, and Bayou Grand Caillou deltas of the
younger Lafourche delta complex. The term Teche shoreline is used to
describe this transgressive relict shoreline, which is a continuation of
the Atchafalaya Bay shoreline farther to the west.

The principal deltas of the Teche delta complex in the Terrebonne
coastal region are Bayous Black, Cocodrie, Penchant, and Big Horn.
These deltas extend in a radial pattern from Bayou Teche in the Morgan
City area southeast to their truncation by the Teche shoreline. The
average thickness of the regressive component of the abandoned Teche
delta complex sequence is 10-12 m with greater thicknesses found associ-
ated with distributary channelling. The regressive component consists
of fresh marsh swamp, overbank, bay fill, levee, distributary, delta
front, and prodelta environments. The distributary environments
describe sands deposited in or near the active channel in crevasse
splays and distributary mouth bars. The active progradation of the
Teche delta complex took place between 3340 and 6682 years B.P. The top
of the abandoned Teche delta complex is subaerially exposed north of the
relict Teche shoreline. Here a 3-5 m thick sequence of salt marsh and
bay deposits is found, representing the transgressive component of the
abandoned Teche delta complex (Figure 4). Basal marsh peats date 3340-
4680 years before present (B.P.). The thickness of this transgressive
sequence reflects sustained surface aggradation landward of the once-
retreating Teche shoreline under the conditions of relative sea level
rise.

South of the Teche shoreline, the Teche ravinement, a relict ero-
sional shoreface and ravinement surface, can be traced in the subsurface
at the base of the Lafourche delta complex and at the top of the Teche
delta complex. Downdip, the ravinement surface lies 8-9 m below msl
beneath the Isles Dernieres and at -10 m msl beneath Ship Shoal (Figure
5). Below this surface lies a thin 1-2 m sequence of salt marsh and
lagoonal deposits which corresponds to the thick salt marsh and lagoonal
deposits found up-dip and landward of the Teche Shoreline. In-situ
organics from this thin sequence are dated 5930-6682 years B.P. The
base of the Teche delta complex lies on a second ravinement surface,
located in the subsurface at -22 m below mean sea level (msl) under Ship
Shoal (Figure 6). This surface gradually rises updip to -18 m msl
beneath Dulac in Terrebonne Parish. The ravinement was generated by
shoreface erosion during the transgression of an earlier delta plain
associated with a sea level stillstand about 16 m below current sea
level, as identified by Fisk (1944).

Offshore, Ship Shoal lies on the Teche ravinement surface which
merges updip with the Teche shoreline (Figures 4, 5, and 7). The shoal
sand body represents a marine sand body that was generated by the trans-
gression and submergence of a barrier shoreline associated with the
reworking of the Teche delta complex (Penland et al. 1986a). Today this
shoal is migrating landward onto the Teche ravinement surface at rates
of 5-10 m/yr (Figure 8). The stratigraphic relationship between the
base of the Ship Shoal sand body, the Teche ravinement surface (A), the
ravinement surface (B), the Teche shoreline, and the thick Teche marsh
deposits suggest a sea level stillstand about 6 m below present between
3340 and 6682 years B.P. during the active progradation for this delta
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Figure 6. A high resolution seismic profile (ORE Geopulse) illu-
strating two ravinement surfaces boundin% the Teche delta
complex of the late Holocene delta plain (see figure 1 A-A'
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complex. There is no stratigraphic evidence of a third separate Marin-
gouin delta complex as mapped by Frazier (1967).
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Figure 8. A high resolution seismic profile C-C' illustrates the Teche
ravinement surface upon which Ship Shoal is migrating (see
figure 1 for location).

Lafourche Delta Complex

The Lafourche delta complex began prograding over the abandoned
Teche-Maringouin delta complex about 2490 years B.P. During this period
sea level was relatively stable. Landward of the Teche shoreline the
Lafourche delta complex built across the salt marshes and lagoons of the
submerged Teche delta complex infilling these areas with new sediment.
Eventually Bayou Lafourche built over 50 km seaward of the Teche shore-
line onto the previously eroding shoreface, reversing the trend of
shoreline retreat, which had been taking place over the preceding 800-
900 years B.P. The active building of individual deltas within the
larger Lafourche delta complex continued until about 300 years B.P.

The regressive component of the Lafourche delta complex generally
averages 7-8 m thick, increasing to as much as 20 m in areas of distrib-
utary channelling. The larger Lafourche delta complex is made up of
four individual deltas which, in order of increasing age, are Bayou du
Large, Bayou Terrebonne, Bayou Grand Caillou, and Bayou Lafourche. The
transgressive component is 1-2 m thick except where barrier shoreline
sand bodies reach thicknesses of 5-10 m. The relative thinness of these
salt marsh deposits reflects the initial effects of submergence over the
last several hundred years in contrast to the older, much thicker
marshes found landward of the Teche shoreline.
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The first delta of the Lafourche delta complex is the Bayou du
Large delta, which extends southwest from Houma to the coast between Bay
Junop and Bayou Grand Caillou Pass (Figure 3). Bounded on the west by
the Teche shoreline, this distributary network built out perpendicularly
across Bayou Black of the Teche delta complex. Bayou Black was tempor-
arily occupied by the Bayou du Large distributaries before Bayou Mauvais
Bois and several other small distributaries bifurcated and built toward
the southwest (Smith et al. 1986). The seaward extension of Bayou du
Large correlates with the shallow protuberance defined by the 6-m iso-
bath in Caillou Bay. Radiometric analysis indicates that the Bayou du
Large distributary network was an active delta between 1620 and 2490
years B.P. The Caillou Bay shoreline represents the transgressive coast
of the abandoned Bayou du Large delta.

The second Lafourche delta to build in the Terrebonne coastal
region was the Bayou Terrebonne distributary network, which consists of
Bayou Petit Caillou, Bayou Terrebonne, Bayou Saint Jean Charles, Bayou
Point au Chiene, and Bayou Blue (Figure 3). This distributary network
prograded between Bayou du Large to the west and the St. Bernard delta
complex to the east between 830-1270 years B.P. The seaward limit of
this distributary network is defined by the relict transgressive Terre-
bonne shoreline, which consists of a series of flanking barriers and
erosional headland beaches. Extending east from the landward side of
the Cheniere Caillou beach-ridge plain in the Isles Dernieres, this
shoreline has a southwest/northeast strike that extends through Wine
Island Shoal, Caillou Island, Brush Island, Casse Tete Island, Devil's
Bay Point, and the most landward of the Cheniere Caminada beach-ridges
to Fifi Island north of Grand Isle.

Approximately 910 years B.P., the third delta of the Lafourche
delta complex, Bayou Grand Caillou, was active between Bayou du Large to
the west and Bayou Petit Caillou to the east (Figure 3). Its distribu-
tary network, comprising Bayou Grand Caillou, Bayou Chauvin, Four Point
Bayou, and Bayou Sale and is terminated at its seaward boundary by the
Isles Dernieres barrier island arc. At one time, Bayou Grand Caillou
built seaward of the Terrebonne shoreline immediately west of Wine
Island. Dominant sand transport along this shoreline was westward; as a
consequence, the Bayou Sale and Bayou Grand Caillou distributaries
intercepted westward-moving material, which resulted in the simultaneous
progradation of the beach-ridge plain called Cheniere Caillou (Penland
and Suter, 1983). Distributary and beach progradation continued until
approximately 420 years B.P. With abandonment, shoreface erosion
reworked the Cheniere Caillou beach-ridge plain and Bayou Grand Caillou
distributaries, generating the Isles Dernieres shoreline.

The Bayou Lafourche delta built seaward of the Terrebonne shoreline
near Devil's Bay point (Figure 3). The distributaries of Bayou
Lafourche, Bayou Moreau, Bayou Ferblanc, Bayou Fourchon, Bayou Raphael,
and West Fork Bay L'Ours were active 710 years B.P. (Gerdes, 1985).
Progradation of Bayou Lafourche seaward of Devil's Bay Point trapped
material moving westward along the Terrebonne shoreline from Fifi Island
and Grand Terre. Longshore interception of sediments resulted in the
seaward progradation of the Cheniere Caminada beach-ridge plain along
the eastern levee of Bayou Moreau. The Bayou Lafourche distributaries
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were abandoned approximately 300 years B.P. Following abandonment,
shoreface erosion reworked the Bayou Lafourche distributaries and
Cheniere Caminada, and supplied sand for the formation of the Timbalier
Islands to the west and Grand Isle to the east, forming the Bayou
Lafourche shoreline.

SEA LEVEL HISTORY

Teche Transgression

The Teche transgression took place between about 2490 and 3340
years B.P., during which sea level rose 6 m to its approximate current
position at a rate of about 0.70 cm/yr. The relationship between the
regional Teche ravinement surface and delta plain stratigraphy indicates
that a rapid increase in the eustatic component of relative sea level is
the primary driving factor. During and after the transgression, a hia-
tus in active delta progradation of some 850 years occurred in the
Terrebonne coastal region until deposition of the Lafourche delta com-
plex began. Due to the rapid sea level rise, the base level of the Mis-
sissippi River was constantly decreasing during this time period. In
response the river had to aggrade its alluvial valley and delta plain to
keep pace with this decreasing base level before a new period of delta
plain progradation could begin. As a result, sediments that would nor-
mally be available to prograde the delta plain seaward under conditions
of sea level stillstand were trapped inland by aggradational processes.
The thick salt marsh sequences found landward of the Teche shoreline are
evidence of wetland aggradation under the conditions of a rapid and sus-
tained sea level rise (Figures 4 and 5). As evidenced by the formation
of Ship Shoal and the Teche shoreline, the sea level rise was sufficient
to lead to the complete transgressive submergence of the entire Teche
delta complex, driving the shoreline more than 75 km inland and pro-
ducing a regional ravinement surface (Penland et al. in press).

Lafourche Transgression

The Teche transgression ended about 2490 years B.P., at which time
the Mississippi River had aggraded its alluvial valley and delta plain
to the new stable base level. Concurrently, the Mississippi River began
building the Lafourche and St. Bernard delta complexes. The Lafourche
delta complex built seaward of the Teche shoreline to a position 50 km
farther south before being abandoned. Four individual transgressions
can be identified within the Lafourche delta complex ranging from 300-
1600 years B.P. in age. These, collectively termed the Lafourche trans-
gressions, were primarily driven by a hiatus in deltaic sedimentation
due to the delta switching process followed by a slow rise in sea level
driven by compactional subsidence. The amount of subsidence-induced
relative sea level rise ranges from 1-3 m in these abandoned Lafourche
deltas.

In order to determine rates of isostatic-enhanced sea level rise
during the Lafourche transgressions, in-situ peat horizons which were
assumed to be stratigraphic indicators of mean sea level at the time of
deposition were radiocarbon dated. An average long-term rate of rela-
tive sea level rise of 0.18 cm/yr over the last 500-3000 years was
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determined. Using only young sediments, 0-500 years B.P. in age, a
short-term rate of 0.62 cm/yr was determined, while an average rate for
the Terrebonne coastal region is 0.31 cm/yr over the last 0-3000 years.
This trend of decreasing rates of relative sea level rise with
increasing age reflects the diminishing effects of sediment dewatering
(Penland et al. 1987a).

Modern Sea Level

The term Modern sea level is used to describe the recent documented
rise in relative sea level rise in the Terrebonne coastal region over
the last 40 years (Penland et al., 1986b, 1987a). Through the analysis
of 29 tide gauge records from the National Ocean Survey (NOS) and the
U.S. Army Corps of Engineers (USACOE) in the Terrebonne coastal region,
the rate of relative sea level rise was determined to range from 1.03-
1.28 cm/yr since 1945 (Figure 9). By comparing relative sea level rise
rates of different lunar epochs, it can be seen that the rate of rela-
tive sea level rise is accelerating. The relative sea level rise rate
in the 1940's and 1950's was 0.07-0.30 cm/yr, increasing to 1.92-1.94
cm/yr in the 1960's and 1970's.

The rate of relative sea level rise in the 1940-1950 period is com-
parable to the average rate of relative sea level rise associated with
the - Lafourche transgressions.” This suggests that the rate of rise
detected by the tide gauges in the 1940-1950 period is driven primarily
by compactional subsidence. However, the radiocarbon data suggest the
acceleration in relative sea level rise in the 1960-1970 period is pri-
marily eustatic because compactional subsidence is a decelerating pro-
cess and therefore can not explain this acceleration (Penland et al.
1987a). These acceleration rates are consistent with the forecasts of
the National Academy of Sciences and the U.S. Environmental Protection
Agency of accelerated relative sea level rise rates due to the Green-
house Effect (Barth and Titus 1984). This trend in accelerating rela-
tive sea level rise rates in the Modern transgression is evidenced by
the increasing land loss occurring in the Terrebonne coastal region.

DISCUSSION AND CONCLUSIONS

Frazier's (1967) Lafourche delta complex chronology has been
revised to consist of 4 deltas: Bayou du Large, Bayou Terrebonne, Bayou
Grand Caillou, and Bayou Lafourche (Figure 3). The Bayou du Large delta
comprises the Bayou du Large, Bayou La Pointe, and Bayou Bois Mauvais
distributaries, which are not recognized by Frazier (1967). The Bayou
Terrebonne delta lies east of Bayou du Large and consists of Bayous
Petit Caillou, Terrebonne, Point au Chien, and Blue. The Terrebonne
delta incorporates Frazier's (1967) Bayou Terrebonne (number 6), Bayou
Blue (number 10), Bayou Black (number 12), and Bayou Lafourche-
Terrebonne (number 14). The Bayou Grand Caillou delta is not included
in the chronology of Frazier (1967). This delta comprises Bayou Grand
Caillou, Bayou Sale, and Four Point Bayou. The Bayou Lafourche delta,
comprising Bayous Lafourche, Moreau, Ferblanc, Raphael, and Fourchon,
corresponds to Frazier's (1967) number 15 Bayou Lafourche delta. The
distribution of Indian middens and other artifacts supports these new
interpretations (Table 1).
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tions west to east across coastal Louisiana with periods of
record exceeding 2 lunar epochs. Diagram illustrates rates
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lunar epoch, and acceleration (Penland et al. 1987b).

Frazier (1967) identified the Teche to the north of the Lafourche

delta complex and the Maringouin offshore to the south as separate delta
complexes within the same delta plain as the Lafourche. However, our
data indicate that in the Terrebonne coastal region Frazier's (1967)
Maringouin delta complex is the seaward extension of the Teche delta
complex. This observation is based upon the recognition of the Teche
shoreline and the regional Teche ravinement surface, which can be traced
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throughout the entire region at the base of the Lafourche delta complex
offshore to beyond Ship Shoal. The occurrence of the same ravinement
surface at similar depths in vibracores from the Barataria Basin and the
St. Bernard delta complex (E. Kosters, pers. comm.) emphasizes the
regional character of the Teche transgression. This regional ravinement
surface indicates that the Maringouin-Teche and Lafourche delta com-
plexes actually belong to two distinct delta plains which developed at
different stillstands of sea level. In the Terrebonne coastal region
the term late Holocene delta plain is used to describe that of the Mar-
ingouin-Teche complex, deposited when sea level stood about 6 m below
present, whereas the term Modern delta plain is used for that of the
Lafourche delta complex (Figure 10).

Transgression of the Maringouin-Teche delta complex and the
Lafourche delta complex produced different stratigraphic signatures.
Abandonment of the Lafourche complex produced a localized transgression
driven by compactional subsidence, displacing the shoreline landward by
some tens of kilometers. In contrast, transgression of the Maringouin-
Teche delta plain created a regionally traceable ravinement surface hun-
dreds of kilometers in extent, similar to ravinement surfaces produced
by glacioeustatic sea level rises on the southwest Louisiana continental
shelf (Suter et al., in press). Thus, the Maringouin-Teche transgres-
sion is considered to be eustatic-enhanced, associated with a rise in
sea level which occurred some 3340 years B.P.

Due to greater rates of relative sea level rise during a eustatic-
enhanced transgression, the vertical component of submergence dominates
over the horizontal component of shoreface erosion, resulting in greater
preservation potential than exists for a purely isostatic transgression
in which shoreface erosion is more important. The pattern of delta
plain deposition, transgression, and preservation observed in the Terre-
bonne coastal region illustrates the importance of relative sea level as
a controlling factor in deltaic deposition. The stratigraphic signature
of these processes is an en echelon series of stacked shallow-water
delta plains terminated by transgressive barrier islands and inner-shelf
shoals.

TABLE 1
DELTA PLAIN CHRONOLOGY

1N THE
TERREBONNE COASTAL REGION

DELTA PLAIN DELTA COMPLEX DELTA RADIOCARSON AGE ARCHEOLOGICAL AG_Ei-z
Bayou Lafourche 300- 71D yBP Natchez: 1700-1500 A.D.
Bayou Petit Caillou 420- 910 yBP Plaquemines: 1500-1200 A.O.
MODERN LAFDURCHE Bayou Terrebonne 830-1270 y8P Coles Creek: 1200- BS0 A.D.
Troyville: 850- 700 A.D.
Bayou du Large 1220-2450 yoP Marksville: 700- S00 A.D.
Tchefuncte: 500 A.D.-
500 8.C.
LATE HOLOCENE  TECHE Bayou Teche 3340-7220 yBP Archalc: 500-6000 B8.C.
Bayou Sale'

! mcintire (1958)
Weinstein and Gagliano (1982).
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Figure 10. A chronostratigraphic model depicting the development of the
Terrebonne coastal region as a function of sea level changes
and sediment supply.

Future Coastal Conditions

The relative sea level rise rates of Modern sea level classify it
as a eustatic transgression. The 1960-1970 sea level rise rates far
exceed those of the Teche transgression, indicating that the Modern sea
level rise is capable of transgressing and submerging the entire Terre-
bonne coastal region. To complicate matters, flood control structures
in the Terrebonne coastal region have cut off the sediment supply for
delta plain aggradation. As a consequence, the magnitude of land loss
occurring today can be expected to increase to catastrophic proportions.
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Introduction

For more than 200 years the United States’ marshlands were thought to be
of no economic value. Today, they are recognized as a valuable and highly pro-
ductive environment. To exist in this dynamic and sometimes inhospitable phys-
iographic province, man has had to develop and utilize innovative engineering
techniques, unconventional wisdom, and unique cultural occupancy patterns.
Since the late 1930s, Louisiana’s wetlands have had rapid economic development.
Much of this growth is a result of the hydrocarbens discovered on and offshore.
0i1 and gas resources represent a multibillion-dollar industry. In addition,
alluvial wetlands provide a habitat for more than two-thirds of the Mississippi
Flyway’s wintering waterfowl, a large portion of North America’s fur and alli-
gator harvest, more than 20% of the country’s commercial fisheries, and serve
as a barrier against the full force of hurricanes. Few regions worldwide can
compete with Louisiana in the production of renewable and nonrenewable
resources. Further, Louisiana’s largest city and the nation’s leading seaport,
New Orleans, is directly or indirectly tied to the economics of the marsh.

Louisiana’s coastal lowlands are facing a serious dilemma. The problem is
directly related to man’s interference with the Mississippi River’s flow regime
and the effects of erosion induced by natural processes, subsidence, and rela-
tive sea level rise. Construction of flood levees and numerous canals has
upset the sedimentation balance. Collecting water from 31 states and 2 Cana-
dian provinces, the Mississippi is now confined within a conduit of artificial
levees. It can no longer inundate its historic flood plain. Sediments are
channeled off the continental shelf, depriving the coast of the "material”
necessary to build new land at a rate slightly greater than subsidence.

Consequently, marsh losses in 1980 exceeded 10,000 ha--a rate that is
increasing geometrically and not arithmetically. The state has lost about
450,000 ha since the turn of the century--more land than all of the United
States’ other coastal states combined. It is a serious environmental problem.
Every 49 minutes another hectare becomes open water. "High" land, already
scarce, will soon be at a premium and the cumulative economic impact will be
measured in the billions of dollars.

Human Aspects and Coastal Problems

The history of Louisiana’s coastal settlement has been generally dictated
by the availability of "high" ground. From barrier islands, to beaches, natu-
ral levees, cheniers, coteaus, bays, and estuaries, man has had to adjust to
floods, subsidence, and relative sea level rise. His response has varied,
depending on the time, place, and number of people involved.

The coastal zone is a region rich in natural flora and fauna. Extensive
vegetation and the abundant aquatic, terrestrial, and avian animals offered
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many inducements to early settlers. The earliest Indians made their homes on
the highest ground and took advantage of many natural food resources. Mollusks
were their most important edible resource, and extensive shell heaps or "mid-
dens" continue to attest to the importance of this resource--particularly the
edible clam Rangia cuneata.

Prehistoric Indians established their villages on the area’s natural
levees, exposed salt domes, beach ridges, and other high-ground features.
Since early man had to adapt to a changing environment, settlements were rarely
continuously occupied. In Louisiana, prehistoric man followed the changing
pattern of the Mississippi River. As new natural levees were built and old
ones decayed because of the reduction of fresh water and sediments, the Indians
moved. They had no choice; their subsistence requirements could no longer be
met. For at least 12,000 years, the Indians followed the coastal zone’s
changing topography.

Detailed written records are nonexistent, so each group is "finger
printed" by their material culture. The artifacts in or on the ground provide
the data necessary to unravel the regional settlement succession as well as
document the archaic physiographic features. The cultural remains, therefore,
provide many clues in assessing the natural setting during aboriginal time.

As Europeans immigrated, they mixed freely with the local Indians. By
example, the aboriginals taught the settlers how to survive in a new environ-
ment. The newcomers adapted local resources to meet their needs. These
included food, clothing, shelter, and boats. With time, the Europeans dis-
placed the population. Nevertheless, from prehistoric Indian sites to the mod-
ern community of New Orleans, the coastal lowlands have supported a range of
cultures and settlements.

Numerous ethnic groups colonized the aquatic lowlands, establishing their
homes and villages on protected and well-drained land or on stilts in remote
bays, estuaries, rivers, or bayous. Like the Indians, these "folks" preferred
the available "high" ground, but as the population expanded, the demands
exceeded the available supply, so they "made" or "modified" land in response to
changing conditions. Unlike the Indians, they turned to engineering soiutions
in response to coastal changes. They had an option, and they continue to exer-
cise it, particularly around New Orleans.

The Ethnic Mix

Spanish, French, Italian, Yugoslavian, Irish, German, Cuban, Greek, Latin
American, Vietnamese, and Chinese have settled within the coastal borderlands.
Each group interpreted the environment differently. Louisiana exhibits a
unique ethnic and cultural heterogeneity, but its biggest and oldest ethnic
group is of French descent. These settlers came from two sources: directly
from France and indirectly from French Canada. Most of the wetland inhabitants
were refugee Acadians who were expelled from British-controlled Nova Scotia.
After their deportation in 1755, nearly 4000 of these Canadian expatriots set-
tled in Louisiana. They arrived in small groups over a 30-year period (1760-
90). However, as early as 1718 the colony was populated by Frenchman, indivi-
duals enticed to move to Louisiana by the propaganda of John Law’s Mississippi
Company. These settlers came from the south of France; their surnames are
still common in southern Louisiana. Unlike the Canadian adventurers de bois,
these Frenchmen preferred the comforts of New Orleans, ignoring the alluvial

38

11-2



wetlands. They were generally the more prosperous and better educated of the
French class living in Louisiana.

The Acadian newcomers, accustomed to working the land, settled on the
"prairies," cheniers, and bayous of south central and southeastern Louisiana.
They were French-speaking, Roman Catholic, fun-loving individuals, who provided
southern Louisiana with its unique ethnic character. Education was not impor-
tant, so with time they abandoned French as a written language. Their language
is no longer spoken in France and many of the family surnames survive only in
literature from the colonial period.

Since the Acadians were small landowners, they enjoyed the isolation pro-
vided by southern Louisiana’s physical geography. As farmers, trappers, and
fishermen, they found the rich alluvial soil of the Mississippi Valley and the
area’s abundant hide- and furbearing animals and easily harvested aquatic life
infinitely attractive. The solitude of the wetlands was an ideal setting to
start a new life.

They considered the semi-aqueous real estate an attractive location for
their new settlements. The communities were accessible by means of winding
streams called bayous (from the Choctaw bayuk or creek) and not too far from
their fishing, hunting, trapping, and agricultural areas.

With time, the French were joined by Balkan immigrants from Serbia, Monte-
negro, Greece, and Albania. Germans, Spanish, Irish, Italian, Filipinos, and
Chinese also settled within the region. A group of Yugoslavian oyster fisher-
men, for example, settled along the bayous, bays, and lakes southeast of New
Orleans. Adjacent to the Mississippi, they built the villages of Olga, Empire,
Ostrica, and Oysterville.

A settlement pattern was initiated that developed from the region’s dis-
tinctive deltaic morphology. Each settlement was economically homogeneous in
that all inhabitants were supported by variations of the same means of making a
living. Each hamlet’s farmer-trapper-fisher folk were aware of their environ-
ment and developed skills that allowed them to harvest local wildlife. Today,
many people consider the wetlands only for their intrinsic qualities. Les Aca-
dians, Yugoslavians, and other ethnic groups recognized the area for its
resources and were willing to make their living from them.

Bayou Lafourche Settlement

Bayou Lafourche’s natural levees were first settled about 1765. Property
was divided into arpents of 58.5 m. With each unit bordering the bayou, a
linear pattern made up of long, narrow, lots fronting on the bayou was pro-
duced. By tradition the French and German immigrants were farmers. Anglo-
American plantations developed behind the French habitant farms, but also had
access to Bayou Lafourche.

Bayou lafourche was the region’s lifeline. As the Paroisse de la Fourche
Interieure began to acquire its distinctive agricultural identity, an efficient
transportation system was tantamount to expanding local markets. Boats, moving
along the bayou, played a major role in the economic development and utiliza-
tion of the area’s natural resources: timber, fur, fish, and hydrocarbons, as
well as the well-documented growth of agriculture. Bayou Lafourche has been,
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and continues to serve in its lower reach, as a commodity artery of the firs
order.

Often described as "The Longest Main Street in the World," the banks o:
the bayou’s natural levees are occupied nearly continuously. As the Lafourche
is a distributary of the Mississippi, it provided a natural link into Nortt
America’s preeminent river. Indeed, the term "Lafourche" is derived from the
"fork" where it joins with the Mississippi, a connectivity closed in 1904.

Prior to the Spanish regime, 1763-1803, Acadian expatriots were well
established on the Mississippi’s west bank. These "folks" built their homes
near "the fork" and expanded beyond the confines of Bayou Lafourche’s upper
reach. By 1755, a number of settliements were along the bayou. In 1785, a sec-
ond wave of Acadian exiles immigrated to the Paroisse de 1a Fourche Interieure.
They settled the bayou’s middle reach. The riverine strips proved to be per-
fect settlement sites.

The gaps in these linear communities were filled by colonists from France
and Spain, along with descendants of the Acadians, Canary Islanders (or Islenos
who arrived in 1779), Germans, French, Canadians, and Anglo-Saxons. By the
early to mid-1800s, Bayou Lafourche was an ethnic melting pot. Long-lots were
-a visible index of settlement extending from Donaldsonville to Lockport settled
in the 1830s. In the 1850s, the Larose/Cut Off section was inhabited. By the
1870s Golden Meadow was settled. "The Longest Main Street in the World" was
completed. On their march down the bayou, the habitant established small farms
(six arpents on the front by 40 arpents deep), side by side facing the bayou.
From Lockport to Golden Meadow, the bayou was occupied by these small farms
that comprised the greater portion of the bayou settlement. "Up the bayou" are
the plantations with interspersed small farms. "Down the bayou" trapper-fisher
folks increased.

These ribbon farms are distinguished by, their dwellings, outbuildings, and
cultivated fields occupying a narrow strip of land whose length is many times
its width. Dwellings are on "the front." Following Napoleonic inheritance
customs, children and grandchildren often build homes one behind the other per-
pendicular to the bayou. Cultivation extends "to the back" as far as possible.
The end of cultivation is not a property line, but a contour.

"Below" Golden Meadow trapping and fishing are dominant. This settlement
type is not always restricted to land unsuited for any other use. There may be
marsh available for livestock grazing. If so, the animals usually belong to
farmers "up the bayou." Only in extreme cases is land for a garden lacking,
yet gardens are rare. Their choice is fishing and trapping.

Houses are smaller, more closely spaced, and closer to the bayou. Out-
buildings are few; fenced enclosures are absent; piers, boats, and related
equipment replace farm machinery.

The bayou settlement pattern is, therefore, a long line of habitations
with occasional breaks and small urban developments every 12-15 km. The sim-
plest historical expression was the nucleus containing a church, cemetery,
school, dance hall, bar, and several small stores. The focal point was the
church and cemetery. The whitewashed, aboveground graveyards are always adja-
cent to the church.
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With population growth, three types of urban centers developed at the
point of the traditional school, church, and store nuclei. These morphological
forms are called linear hamlets, T-towns, and grid cities. Linear hamlets rep-
resent the earliest stage in the growth sequences; they are characterized by
one business thoroughfare parallel to the bayou. The intermediate state is the
T-shaped town; expansion takes place along streets perpendicular to the bayou
road. Today, the grid city represents the final stage.

In all cases, Bayou Lafourche was the focus of these linear communities.
It was the main artery of commerce. Everyone depended upon it.

These colonial "pioneers" opened the "The Lafourche Country." But concom-
itant with the region’s settlement history was development of the area’s water-
ways. Each house had a boat of some type docked in front attesting to the
bayou’s importance. Bayou Lafourche was navigable. Commodities were being
produced for foreign markets, and affluent planters required luxury items.
Trade was essential; consequently, boats and waterways were a necessity.

Folk Boats of the "Bayou Country"

The oldest type of boat found in French Louisiana is the pirogue (petty-
augre), a copy of an aboriginal dugout that become an indispensable tool for
the first inhabitants. It was the principal means of transportation and a
direct descendant of those utilized by native Americans. Pettyaugres were the
earliest craft to ply the waters of southern Louisiana with any regularity.
Mage from a single tree, they were capable of carrying a large number of men
and cargo.

Perfectly rectangular, flat-bottomed, with no sheer and ends with a sharp
angular upward slant, the 1l-m-wide and 2-to-3-m-long chalands were used to
cross a bayou. It was essentially a ferry. Always operated by hand and never
used for going even a shorter distance, chalands transported goods and people
from one side of the bayou to another. A variation is sometimes called a
"plank boat." Occasionally used for logging, it is distinguished by a narrow
hull generally less than 60 cm wide. A special chaland used for moss gathering
is propelled by oars (Knipmeyer 1956).

"Of all the folk boats in French Louisiana, none is more carefully distin-
guished than the esquif of "skiff" (Knipmeyer 1956:165). A skiff is flat bot-
tomed with a pointed bow and blunt stern--an ancient design called by most peo-
ple a rowboat (a term not used in French Louisiana). Skiffs, propelled by
sails and oars and identified as peniche, chaloupe, and galere, were used to
move goods (Knipmeyer 1956).

Variations of the skiff include the canotte and "standing skiff." The
canotte is a large skiff powered by an inboard engine and often fitted with a
cabin and decking. Equipped originally with a sail, a canotte could move well
with the right wind in Louisiana’s coastal lakes and bays. To navigate along
Bayou Lafourche, canottes, along with other shallow-draft boats, had to be
pulled with tow ropes called "la cordelle."

Unlike the canotte that could be cordelled, the "standing skiff" was oper-
ated in a standing position using a rowing device called a joug. A joug ele-
vated the oars and "extended the fulcrum beyond the sides of the boat"
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(Knipmeyer 1956:169). In the late 1800s this type of vessel was common
throughout French Louisiana.

Beginning about 1790, cargo pirogues were being replaced by keel-less,
flat-bottomed boats with a blunt bow and stern. Settlers in French Louisiana
called these vessels bateau plat (Chambers 1922). Probably developed from
flatboats, they were in use by 1720 (Knipmeyer 1956). Bateau plats could be
propelied by sails, but oars and poles were generally used. Now they are
called simply bateaus.

Folk boats were superseded eventually by steamboats and flatboats. These
vessels plied the bayou from Donaldsonville to Lockport. On occasion, they
went into the Gulf of Mexico. Advertisements noted regular service to Bayou
Lafourche.

While water level was of some concern, steamboats traveled anywhere "the
mate could tap a keg of beer and float the boat 4 miles (6.4 km) on the suds"
(Way 1947). This is an exaggerated statement; but true in the sense that
steamboats needed little water to stay afloat. In high water, these vessels
often floated through a planter’s field, in many cases several kilometers from
the main channel. On occasion, they would go aground and have to wait for the
next high water to float off. On Bayou Lafourche, the channel was too shallow
to risk entering in the summer months.

During this period, Bayou Lafourche served principally rice and sugarcane
plantations. These products had to be shipped to the New Orleans’ market,
either up the bayou to the Mississippi River at Donaldsonville, or to Morgan’s
Texas and Louisiana Railroad at Raceland or Lafourche Crossing, or through sev-
eral canals leading from the Lafourche to the Mississippi.

House Types of the Common People

The "Bayou Country" has served as a primary source area in the study of
"folk house types." these dwellings were built without benefit of plans,
books, or architects. Builders followed concepts established by their fore-
fathers. Five house types are significant: the Acadian or Cajun, Creole, Cre-
ole Raised Cottage, Shotgun, and Bungalow.

The Acadian house is the dwelling of the small farmer. This structure may
be one room under a continuous-pitched sideward-facing gabled roof and has a
full gallery with a chimney built into the end wall. It is sometimes two rooms
wide with a center chimney.

The Creole house was constructed by more prosperous people. Often called
a larger Acadian house, it may have two main rooms with one common chimney and
a T-addition of three smaller rooms. Some versions have four basic rooms with
a full center hall, gabled-end roof, built-in chimney, and the T-addition. On
either side of the addition is a porch--one is always in the shade.

Similar to the Creole house, the raised cottage sat between a hipped roof
and a brick ground floor. There are usually a larger number of front openings,
full-length "French" doors and windows. The house evolved into a form with a
sideward-facing gabled roof, a central hall, and Tlight shutters that replaced
the heavy board doors over the long windows.
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The shotgun is one room wide and at least three rooms long, with a long,
front gabled roof. Most include a small front porch. Almost all are built of
Tumber. Chimneys may be external or internal, on side or traverse walls. The
shotgun is always raised on piers. This house is common in three contexts: as
a plantation quarters, as an urban lower-class house, and as a trapper-fisher
dwelling. It is common throughout southern Louisiana’s alluvial wetlands.

The bungalow is nothing more than a double shotgun, two rooms wide, and at
least three rooms long, all under a gabled-front roof. It is the most common
house in Louisiana for the 1930-1950 period, after which comes the "ranch-
style" slab house. The bungalow is common in rural and urban landscapes. It
is rarely used as a quarter house though it is often found as a small indepen-
dent farmer’s dwelling.

Commerce and Agriculture

On Bayou Lafourche commerce varied. Principal goods moved were indigo,
cotton, rice, sugarcane, and molasses. In return, plantations and habitant
accepted household goods and coal to fire sugar refinery boilers.

In 1742, indigo was Louisiana’s principal crop. Nevertheless, planter’s
records indicated that an inferior quality sugar was being produced. This
changed in 1794 when Etienne de Bore granulated sugar successfully. As a
result, plantation-type operations emerged between 1803 and 1810. By 1860,
plantations had planted enough sugarcane that Louisiana’s "sugar fever" was set
in motion.

The plantation landscape is conspicuous for its dominant "big house,"
overseer’s house, organized cluster of quarter houses, sugar house, and groups
of barns and sheds. Some are laid out perpendicular to the bayou. Others,
called the nodal-block form, are laid out in a grid pattern about 3 km from the
bayou "toward the back."

Running the plantation’s mill and sugar kettles required wood, at least
two and a half cords per open kettle. Considering a cord cost $2.50 in the
1840s, this was a significant cost. In Louisiana, an abundance of wood could
be cut from the swamps. By the 1830s, wood was difficult to obtain; the easily
accessible stands had been depleted. Planters needed a reliabie fuel. Their
wood supply was declining, what was available was going into steamboat boilers.
By 1840, planters began to use coal in their sugarhouses. By mid-century, many
Bayou Lafourche sugar plantations were receiving Pittsburgh coal.

Small farmers along Bayou Lafourche were content to harvest cotton, corn,
rice and peas. These were their contribution to river trade; they did not need
any coal. Coal became important when sugar gained a foothold on Bayou
Lafourche. This did not occur until the middle 1800s, when Anglo-Americans
acquired large tracts that could support the sugar industry. These Anglo-Saxon
Protestants, in many cases, bought out the habitant so they could acquire the
land necessary to support their mill, refinery, slave quarters, and sugar
fields. They were willing to make the necessary investments required to sup-
port the industry. The land was ideally suited for this crop. With no roads
and swamps framing the "back land," Bayou Lafourche provided irrigation water
and most of all the needed transportation artery to move their crops to market.
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The fortunes of sugarcane planters fluctuated with worldwide economic
cycles. Total production increased until the catastrophic arrival of the
mosaic disease in 1926. Sugar planters and sugar factories folded. With
introduction of the Java P.0.J. variety, sugar again prospered. Production has
remained high with yields of 60 tons/ha. Current sugar prices have drastically
affected sugar farmers. At present, world retail sugar prices do not support
production costs. Sugar farmers and sugar factories are again in trouble.
Unfortunately, the best agricultural land is being converted to subdivisions
because the return is greater than from agriculture.

A visible culture trait, that was passed from generation to generation, is
the small family garden near the edge of the bayou--a site selected for the
moderating influences of the watercourse.

Agricultural activities have, therefore, occupied an important position in
the Mississippi delta plain’s social and economic environment. The wealth
gained from hydrocarbons, commercial fishing and trapping, industrial develop-
ment, and tourism does ‘not overshadow the value- of the agricultural products.
The favorable climate and fertile alluvial soils allow almost every crop indi-
genous to the western hemisphere to be raised.

The Renewable Resource Base

In the marsh dwellers’ annual-use cycle, the winter trapping season is
followed by the May shrimp season. Due to the absence of ice, the shrimp har-
vest was brought to isolated platforms, where shrimp were dried for market.
With improved availability of ice, the use of otter trawls in 1915, and engine-
driven boats, the shrimp industry moved to permanent bayou settlements. These
communities served the trapper-fisher folk well.

Muskrat, Nutria, and Alligator

the earliest muskrat (Ondatra zibethicus) pelts were offered to northern
markets in 1870; they were considered useless and returned. By 1900, muskrat
had become a permanent resident of Louisiana’s marshes. By 1914 the animal was
on the fur market and destined to become the state’s number one furbearer, a
title it would eventually lose to the nutria (Myocastor coypus).

Unlike the indigenous muskrat, the nutria, or South American coypu, is an
alien animal. the Argentina rodent was introduced into the wetlands in 1938
and is now well established. After escaping into the marsh, this prolific ani-
mal expanded its range. As a result, by the early 1950s trappers were harvest-
ing nearly 80,000 per year. Six years later more than 500,000 pelts were pro-
cessed--a tremendous increase in less than 20 years (Davis 1978).

The rodent was originally considered a nuisance, since it was heavy to
carry out of the marsh, difficult to skin, and confined to a single area. It
was a liability, but attitudes have changed. The nutria harvest yields annu-
ally more than $7,000,000 and represents more than half of the state’s fur
income--all from a dozen South American coypu that escaped from captivity and
diffused throughout the state. In less than 30 years the nutria supplanted the
muskrat to become the principal animal trapped. For 27 years it has maintained
its lead, but with the state’s current problems with saltwater intrusion, the
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muskrats habitat is expanding, while that of the nutria is declining. Muskrat,
therefore, may return as the number one animal.

Although present throughout the state, alligator mississippiensis is pri-
marily concentrated within the coastal marshes. At least 500,000 "gators" live
in the coastal zone’s fresh to slightly brackish habitats. First described in
1718, the alligator has survived two centuries of hunting. In the late 1800s
alligators 4.5-6.0 m were rather common. They were so commonplace they did not
attract considerable attention. The giant reptiles were everywhere and were
generally considered a nuisance. \

Called by the Spanish E1 lagarto, the lizard, alligator mississippiensis
has been harvested commercially since the mid-1800s. As late as 1890 some

280,000 alligator skins were being processed annually. Unfortunately, between
1880 and 1904 hide hunters reduced the species significantly. Despite a con-
tinuous decline in their numbers, no protective measures were initiated until
1960, when a 1.5-m size limit and 60-day season were established.

The season was closed in 1962. Eventually, the alligator was placed on
the federal 1ist of rare and endangered species. In 1970, laws were enacted to
prohibit the interstate shipment of illegally taken alligators, thereby cur-
tailing bootlegging. Hunters could go to jail if they were dealing in alliga-
tor pelts. Throughout the southeast, the protective legislation, along with
habitat preservation, allowed the reptile to make a dramatic recovery. Louisi-
ana considers the animal a renewable resource and since 1972 has sanctioned a
controlled hunt.

In the 1986 season more than 17,000 "gators" were harvested, averaging
2.1-2.3 m long. The once-endangered species brought Louisiana trappers about
$1.5 million. The alligator has become another source of revenue. Further,
alligator meat is now on the menus of a number of restaurants. Always a popu-
lar item at southern Louisiana fairs, if now accepted as a serious food, the
trapper will have another important income source.

The alligator hunter realizes that his quarry has a dollar value in skin
and meat. Hunters often shoot a swimming “"gator," and although the dead rep-
tile sinks almost immediately, it can be retrieved easily. Another harvest
technique involves the use of a baited hook attached to about 15 m of line sus-
pended 15 cm above the water. When the bait is taken, the hook becomes
embedded in the reptile’s stomach. The alligator is caught and must be hand-
lined to the surface and shot.

Trainasses, Piroques, Mudboats, and Marsh Buggies

To exploit these resources people throughout the coastal zone gained
access to the marsh by digging a trainasse, a term derived from a French word
meaning "to drag," but used locally as a "trail cut through the marsh grass for
the passage of a pirogue" (Read 1937:74). These deep channels 1.5 m wide by
15-30 cm deep provided the marsh dweller with a convenient artificial water-
course (Davis 1976).

To use these routes, people relied on marsh buggies, mudboats, and
pirogues. While the pirogue antedates the arrival of Europeans in the New
Worid, 1its simple design made it a wuseful watercraft to ply southern
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Louisiana’s swamps and marshes. In many parts of coastal Louisiana it became
the principal mode of transportation. In some isolated cases, it was the only
way to travel. It continues to be a vital part of a trapper’s way of life. In
many cases, access to trapping areas can only be obtained by using a pirogue--
often described as a boat that draws so little water it will "float on a heavy
dew."

Mudboats, flat-bottom vessels powered by air-cooled inboard engines, and
marsh buggies have improved marsh travel considerably. Mudboats are used
exclusively in the firmer southwestern section; however, the marsh buggy is
used throughout the wetlands. It existed first as a wheeled and today as a
tracked vehicle (Detro 1978).

These tools became a significant factor in the marsh dwellers’ systematic
exploitation of the environment and a prominent element in this process. The
trails were developed to provide access. In a sense they were man’s response
to the environmental constraints placed on the coastal dweller. As trapping
became a more lucrative seasonal trade, more ditches were required; thus, the
trapper methodically added a unique element to the coastal zone.

Trapping: .A Seasonal Occupation

Before the 1914-22 increase in fur prices from $0.08 a pelt to $0.50
(Chatterton 1944), hunting was more profitable than trapping, with a brace of
ducks selling for $0.25. With the 500% increase in fur prices, local people
changed their winter subsistence activity from hunting to trapping. By 1916,
the muskrat had become the mainstay of the trapping industry.

Ten years later approximately 20,000 people were involved in Louisiana’s
trapping industry. Most of these people were French-speaking descendants of
the Acadians. At this time the industry was essentially uncontrolled. A trap-
per set his "lines" on any land that suited him. Marsh folks did not bother to
lease their trapping land since they felt it was free for everyone to use.
Leasing agreements destroyed traditional areas of family trapping and legally
barred the marsh dweller from what he considered "his" land.

The trapper’s lease has made trapping a truly commercial operation. Fees
are based on the land’s carrying capacity, on a percentage of the catch, or on
a cash-per-hectare basis. In some cases, leases may be based on the land com-
pany’s estimate of what a trapper is capable of handling. Whatever system is
used, the modern-day trapping operation has become more extensive.

In order to work his trapping land, a trapper must have hundreds of traps.
He must also have hundreds of the U-shaped, spring-wire stretchers for drying
pelts. In the past, a dull knife was used to clean the tiny flesh fragments
from a muskrat pelt. Now the wet skin is run through a clothes wringer. After
this is completed, the furs are clean, dry, and ready for the stretchers. It
is an easy process. Cleaning nutria pelts is more involved and time consuming,
since the pelts must be stretched on a fleshing board meat side out and
skinned, then washed, line dried, and reattached to the board hide side down.

To improve the commercial annual harvest (December, January, and February
are the trapping months), marsh dwellers burn the paludal surface, removing the
less desirable vegetation. The conflagrations were a rarity before 1910, but
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by the 1920s, burning was well established. It is now a local culture trait,
considered by some to be an annual necessity.

Men who have trapped all of their lives go into the marsh because they
enjoy the out-of-doors; for them, trapping is a form of recreation or therapy.
At times the "sport" or job can be quite profitable. It is, however, a fluctu-
ating industry. Indeed, throughout its history the industry has had its eco-
nomic problems. Low prices, competition from synthetic fibers, closing of
trapping areas, and other factors contribute to the industry’s success or fail-
ure. To many young people this is not an attractive life. To others, it.is an
important part of their winter employment activity.

Fishing: By Weight or Value, the Wetlands are a Seafood Factory

Each year Louisiana fishermen catch more than 450 million kg of estuarine-
dependent fish and shellfish, primarily menhaden, oysters, shrimp, and the
nearly ubiquitous blue crab (Larson et al. 1979). With time and increased
demand, Louisiana’s seafood catch has escalated in value to more than $220 mil-
lion annually--more than 20%-25% of the United States’ landings. Nationally,
the state’s harvest is number one by weight and second in value.

This phenomenal harvest is directly related to Louisiana’s marshes. With
nearly 35% of the major United States’ commercial fisheries dependent on wet-
land nursery areas, Louisiana’s coastal habitats provide numerous wetland-
dependent avian and aquatic wildlife with the food necessary for their sur-
vival.

A mutual dependency exists between the people and the resources of the
marsh-swamp complex. Although there are thousands of marsh/estuarine systems
worlidwide, Louisiana’s coastal lowlands are the principal breeding area in the
northern Gulf of Mexico. It is a "protein factory" of the first order, pro-
ducing record harvests of shrimp, oyster, crabs, and menhaden.

Shrimp

Two shrimp species are harvested, brown shrimp (Penaeus aztecus) in the
spring and white (P. setiferus) in the fall. Originally harvested by cast nets
and haul seines, many commercial fishermen now use a Lafitte skiff outfitted
with an otter trawl or poupier (butterfly net).

With more sophisticated boats and equipment, the shrimp harvest has grown
rapidly. Expansion of the industry resuited in shrimp becoming the most valu-
able seafood in Louisiana. The catch is second only to menhaden (Brevoortia
gatro?$s) in quantity, but first in dollar value--worth more than $100 million
annually.

Oyster

Oystermen rely almost totally on one species, American oyster (Crassostrea
virginica). Louisiana currently leads the Gulf states with an average yield of
about 4 million kg of meat yearly. This figure has remained constant over the
last 20 years, even though environmental perturbations occasionally affect
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production. Louisiana generally ranks second nationally (after Maryland) in
yields. Dockside value is between $3 million and $4 million annually.

Louisiana’s oyster industry was a most profitable enterprise for Louisi-
ana’s Dalmatian settlers. They made the industry what it is today. The Yugo-
slavians took oysters from the east side of the Mississippi River, large and
small, keeping the large ones and "seeding” the smaller ones on bedding grounds
on the River’s west side--a process that continues. These folks have perma-
nently identified themselves with the Louisiana oyster, many are third- and
fourth-generation fishermen.

Unfortunately, as salinities increase, predators attack the oyster beds
and reduce the harvest. Oysters can survive in sea water, but so can their
predators. Oystermen must relocate their beds into brackish water to escape
the saltwater-dependent predators. The end result is that the distribution of
the oyster beds depends on the salinity content of the water. In many of the
interdistributary basins salinities are increasing due to the coastal deteri-
oration that has accompanied land subsidence, erosion, and canalization.

Menhaden

The third valuable commercial marine resource is the menhaden or "pogie."
Since the first landings in 1940, menhaden have become Louisiana’s principal
industrial fish. The reason for its apparent late development is that the spe-
cies’ oily flesh is not suitable for human consumption, but when processed it
is a valuable source of oil and animal feed.

Louisiana’s "pogie" fleet harvests annually from 270 million kg to more
than 450 million kg. The area located in and around the Mississippi delta is
particularly productive. Menhaden fishermen can harvest a catch that will
exceed $50 million annually.

Although "shrimp is king," by weight the menhaden industry is the state’s
most important fishery. The catch has made the towns of Cameron, Empire-
Venice, and Dulac-Chauvin among the United States’ top five fishing ports.
Combined, these ports can account for more than half of the United States’ men-
haden/shrimp harvest.

Although it has been suggested that menhaden-derived protein meal could be
used in the diets of many underdeveloped countries, the notion has never mate-
rialized. The future of the industry looks favorable, since most of the pro-
tein meal is used as a chicken feed.

Recreation

With one out of every two Americans involved in outdoor recreation, and
with water serving as the largest single attraction, the water bodies and bio-
logic resources of coastal Louisiana attract both resident recreationalists and
out-of-state tourists in rapidly increasing numbers. The economic value of
recreational fishing may even exceed that of commercial fishing.

The state is a wintering area for between 6 and 8 million waterfowl per
year; approximately 75%-80% concentrate in the coastal marsh. The 36 waterfowl
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species that winter in the state make hunting an extremely important and popu-
Tar recreational activity.

As a renewable resource, the migratory populations can be maintained by
properly managing the wetland environments. Habitat preservation is the key to
maintenance of the waterfowl resource and an annual reoccurring income that in
most years exceeds $80 million. Fishing is a year-round leisure-time activity
that varies with the breeding cycle of the various fish species, water levels,
fishing pressure, and habitat productivity. Fishing-related expenditures in
Louisiana exceed $50 million annually.

It is apparent that recreational sportsmen benefit greatly from Louisi-
ana‘s wetlands. As lowlands are lost, the habitats preferred by game birds and
fish will dwindle, and an industry that annually contributes directly or indi-
rectly from $175 million to $200 million to the regional economy will be
affected.

Non-Renewable Resources

In the early 1900s, discoveries at Jennings and Spindlietop, Texas, con-
firmed southern Louisiana’s hydrocarbon potential, particulariy in strati-
graphic traps associated with salt domes. Development of these known struc-
tures was hampered by the complicated logistics and economics involved in oper-
ating in the alluvial wetlands. The problem was accessibility. Wetland explo-
ration required boats and other forms of floating equipment to survey potential
drilling sites. Unlike dry land operators, oilmen needed port facilities to
support their waterborne operations, service their fleets, and store other sup-
plies needed to work in the poorly drained soils of southern Louisiana. To
acquire the necessary infrastructure took a large investment, commitment, and
t;me; therefore, the marsh and swamp were, until the 1930s, virtually unex-
plored.

Though southern Louisiana got a slow start, it developed rapidly into an
important energy supply region. Once the petroleum resources were discovered,
a chain of events occurred to guarantee that the hydrocarbons could be moved
from the source area to centers of demand. The landscape is now dominated. by
oil and gas fields, crossed by canals and lined with pipelines, giving the
marshes a unique man-made appearance. An extremely vital element in this triad
is the canals. They provide the accessibility so necessary in resource devel-
opment and have influenced the high proportion of the population involved in
extractive and transportation industries.

Canals_and the 0il_Industry

Sailors exploring the coast of Louisiana and Texas in the 1600s recorded
seeing a black slick floating on the sea. This seepage provided a small clue
to the hydrocarbons trapped in a geosyncline stretching from Mississippi,
through Louisiana, and into the coastal provinces of Texas. The resource was
not drilled until the turn of the century. Since then, more than 40,000 wells
have been drilled in the coastal zone of Texas and Louisiana.

The world’s first producing offshore o0il well was drilled in 1937 by the
Pure and Superior 0il Companies less than 1 km from the shore of Louisiana in
4.5 m of water. On 14 November 1947 the first producing well out of sight of
land was brought in by Kerr-McGee Industries in 5.5 m of water. It was 16.8 km
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off the Louisiana coast and added a new chapter to the history of the petroleum
industry. Since completion of this first well, more than 3000 drilling and
production platforms have been anchored to the floor of the Gulf of Mexico,
collecting fluids from nearly 20,000 offshore 0il and gas wells. Consequently,
Louisiana produces more than one-third of the United States’ natural gas and
between 15% and 20% of the nation’s crude oil. The state’s leadership is not
surprising since in 1981 its estimated proven oil reserves in state and federal
waters were 2026 million barrels with natural gas reserves estimated at 890
gj}}ion m®>. In addition, Louisiana offshore 0il was valued in 1980 at $4.5
illion.

Hydrocarbons produced offshore move through a labyrinth of pipelines
ranging in size from 5 to 100 cm in diameter. The end result is one of the
most compiex pipeline networks in the United States. The interconnected system
is utilized by more than 50 companies to move mineral fluids to gas processing
plants, refineries, residential markets, tank storage sites, and ultimately to
transport areas where the fuels are shipped nationwide.

In exploiting the region’s resources, numerous artificial structures aided
in the harvesting or exploitation process. The most visible of these artifi-
cial elements are canals. The coastal lowlands are now subject to a massive
and still-growing matrix of oil and gas canals, pipelines, spoil banks, and
associated ancillary activities. Virtually no section of the coast has been
spared from the canalization process; it is the coastal zone’s major engineer-
ing feature.

One cannot help but be impressed by the complex web of interconnecting
channels. Like fine Belgian lace, there is a delicacy to the landscape’s geom-
etry. For more than 200 years canals have been a part of Llouisiana’s geo-
graphy. Once cut, they endure. The region has been crisscrossed, ringed, cut,
bisected, and otherwise dominated by a massive network of waterways. Until
recently, new channels were added continually. O01d ones were rarely filled in;
thus, the complex intertwines and expands into a well-defined pattern. The
network is by no means the product of planning. Each canal or appendage rep-
resents one well. It is a one-well, one-canal system. Numerous individual
deci?ions went into deciding where to drill--the canal pattern is the end
resuit.

Land Use

Since the region has become more popuious, more prosperous, more urban-
ized, and more industrialized, land is at a premium. The dynamic nature of
this growth trend is derived essentially from the long-term development of the
area’s vast hydrocarbon resources, accompanied by extensive service-industry
expansion at the expense of agricultural production and commercial fishing and
trapping activities. The area also has prospered because of the relatively low
cost of 1living, a favorable tax structure, an attractive climate, and the
region’s unique cultural/recreational amenities. Suburban expansion is occur-
ring throughout the area. Competition for space is fierce. Settlements are
aggiomerated into "strips: owing to the reciprocal relationships between each
and the natural environmental restraints placed on urban and built-up land.
The strips are limited by a finite quantity of suitable property, reflected in
land-use patterns and threatened by continued land loss.
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In Louisiana the oil-related firms have consolidated into industrial com-
plexes or development corridors. Distinct patterns, typical of the petroleum
industry’s regional impact, emerged. These onshore support facilities are
expected to continue to meet the needs of the onshore industry for the remain-
der of the century. Relative sea level rise, subsidence, and wetland loss can-
not be ignored as factors that will determine the fate of these sites and any
others planned for the future.

The response to the land loss problem has been to adapt support sites and
industrial complexes to the available land. The land that can be used is at
best marginal. Human settlement in coastal Louisiana was historically confined
to beach ridges and natural levees. With expansion of urban/industrial land,
extension of farmlands, development of o0il, natural gas, and sulphur indus-
tries, and the associated demand for improved navigation channels and construc-
tion of hurricane-protection levees, man has extended his activities well into
the wetlands and along the shoreline.

The suitable land is not convenient, then draining and reclaiming swamps
and marshes has been the solution. New Orleans’ reclamation practices,
although more than 200 years old, follow those outlined in the United States
since the colonial period. Within the last two centuries more than one-half of
the nation’s wetlands have been converted to other uses. New Orleans serves as
an excellent example.

New Orleans: North America’s Below Sea-Level City

Since its inception, New Orleans has faced a continuous battle with drain-
age. When the city was surveyed in 1720, each block was circled with drainage
ditches. When it rained, these ditches filled with water, creating little
islands. Residents continue to refer to these blocks as "ilets." These chan-
nels established the "Crescent City’s" dependence on a drainage network. It
became apparent that New Orleans would always face drainage problems. The city
has for more than 250 years fought a continuous battle with flooding--a battle
yet to be won. It is one of the country’s most flood-prone cities and probably
the most precarious in the United States.

To ensure that settlers confronted the drainage problem, Governor 0’Reilly
in 1770, issued land-grant regulations that provided every settler a tract of
land. This property was forfeited if within three years a levee, highway, and
parallel ditches were not completed around the property. These regulations
guaranteed that Louisiana’s lowlands would be drained adequately.

Arable land was in short supply. It was felt that the only practical way
to solve the land shortage problem was to reclaim swamps and marshes that were
at or near sea level. Around New Orleans, and in general throughout southern
Louisiana, these wetlands were considered "worthless" wastelands in themselves.
They were, however, recognized as a valuable undeveloped resource, one that
could be drained and reclaimed easily.

The challenge was to ensure flood control and adequate drainage measures.
Improved machinery and engineering techniques were imported from Europe to meet
this challenge. New Orleans expanded beyond the confines of its natural
levees; at 4.5 m above sea level these features are the region’s only high
ground. They provided the original inhabitants with a relatively dry, firm
foundation of building. As the city expanded, its population grew. The city’s
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strategic location encouraged this growth. As a result, by the 1830s New Orile-
ans was one of the largest cities in North America. The end result has meant
that the city must fight a continuous battle with flooding.

The age-old fight to keep New Orleans dry is made increasingly difficult
as parts of the city continue to sink below the level of the surrounding
waters. General regional subsidence over the past 4500 years has been calcu-
lated from 12 to 21 cm/century (Saucier 1965). In point of fact, the soft,
easily compacted sediments of Louisiana’s delta plain do not provide the ideal
foundation for a metropolis. Nevertheless, New Orleans has developed and pros-
pered within this inhospitable environment.

Drain and reclaim measures have resulted in parts of the levee-protected
city being nearly 5 m below sea level. Levees and drains protect the populace.
A single pump failure, levee crevasse, hurricane, or 25 to 30 cm thunderstorm
can be disastrous. Levee systems are essential to keep floodwater out, but
they also keep rainwater in. This water is in most cases pumped uphill by a
system of pumps that operate continually to discharge surface runoff and
groundwater seepage.

Currently, New Orleans operates 140 km of canals and 92 km of large pipe-
lines. These conduits, along with 21 pumping stations, are capable of removing
approximately 85.1 million liters of water per minute from the city streets,
through over 50,000 curbside catch basins and 2024 km of subsurface grainlines
(Wagner and Durabb 1976). The entire system drains more than 220 km¢ of Orle-
ans and Jefferson parishes. The pumps can remove 5 cm of rainwater the first
hour and 1.2 cm every hour thereafter. When 15 cm has fallen, the system is at
capacity. Rainfall exceeding capacity results in "ponding" on the streets
until the pumps are able to handle the excess runoff. To further protect the
city, a concrete floodwall and new outfall canals are under construction. Both
will provide an added element of protection from flooding.

When established in the early 1930s, the drainage system was adequate and
considered excellent. Although more than 200 years old, New Orleans was still
in its infancy. Major population increases had not yet occurred. After 1920
the alluvial wetlands, much of them near or slightly below sea level, began to
be reclaimed. The problem was how to drain them in a cost-effective manor.

The drainage solution was a heavy-duty pump, designed by A. Baldwin Wood,
capable of removing large volumes of debris-laden water; it quickly revolution-
ized the urban geography of New Orleans. Areas that were thought inaccessible
were opened to settlement, but draining the swamps was a major undertaking.
Pumps, canals, and levees had to be built or installed. Soils "were not soils
at all, but a thin gruel of water and organic matter that shrank and settled
when the water was removed" (Lewis 1976:62). When drained, they compacted and
sank below sea level.

In building New Orleans, no one apparently considered the high shrink
swell rates of these peat and muck soil types. Consequently, within the
greater New Orleans area net subsidence rates of from near zero to 5 m have
been reported (Snowden et al. 1980). The problem ranges from severe to mini-
mal. This is particularly true on the reclaimed lands associated with New
Orleans’ suburbanization, where marsh/swamp peats often shrink more than 1 m
during the first 50 years after drainage. Coupled with a natural regional sub-
sidence estimated between 1 cm to nearly 4 cm annually (Boesch et al. 1983;
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Nummedal 1982), these new areas face severe problems. Drainage water must be
pumped over the surrounding levees to sea level water courses. Water in these
channels often stands at a level that is even with the second story of many
homes. Flood protection is literally a matter of life or death.

Prior to 1955, only a few subdivision had expanded into the drained
cypress/tupelo swamps and marshes. Housing contractors built homes with
raised-floor foundations, supported by masonry blocks, or wooden pilings.
These pilings must be driven to a depth of at least 12 m deep into the underly-
ing clay unit. By utilizing this procedure, the Tow-bearing strength of the
peats is counteracted (Snowden et al. 1977). Pilings are necessary since most
of these soils are poorly suited for urban uses; they have extremely high
shrink/swell rates. Even so, peat and muck lands are 90% urbanized. Drainage
and protection from flooding are possible only by constructing large water-
control structures. This is often quite difficult, as the soil material is
poorly suited to the construction of levees because it shrinks and cracks as it
dries, causing the levees to often fail (Mathews 1983).

A raised-floor, supported by pillars withstands subsidence well, since the
piliars can be raised and releveled easily. As New Orleans’ urban geography
expanded, builders began to use concrete-slab foundations. This type of con-
struction is disastrous. The soft, unconsolidated, highly compressible peats
cannot support heavy concrete slabs. Slabs simply sink, tilt or break and in
general the homes have a distorted angular geometry. Within a few short years,
these structures have few right angles.

Ordinances were passed 25 years after initial marshland development
requiring residential contractors to use pilings in thick peat areas. Even so,
commercial and residential developers must expect at 1least an additional
$14,000 per hectare (in 1976 dollars) to counteract subsidence. In 1975, home-
owners had an average maintenance cost of $200 per year for cracked sidewalks,
driveways and broken sewage and gas lines (Wagner and Durabb 1976). These
costs have, of course, increased. The subsidence problem is so acute that as
gas lines break homes sometimes explode (Snowden et al. 1980). Many homes in
New Orleans are lifted by pumping mud under them. This "mud jacking” process
compensates for subsidence under the home. There is still a difference in
subsidence between the house and the surrounding ground surface. To coryrect
this differential subsidence, homeowners fill their yards with 9 to 18 m® of
topsoil (Snowden et al. 1980). Nevertheless, when these organic soils subside,
foundations are exposed, and unsupported driveways, patios, air conditioner
slabs and walkways crack and warp and gradually drop below original levels.
Unfortunately, streets, sewage lines, driveways, and sidewalks are not simi-
larly raised.

To alleviate the financial hardships associated with subsidence, a number
of municipalities have enacted laws to try and reduce development in areas
where the soils have a high subsidence potential.

Investigation of New Orleans’ negative land surface reveals that humans
act as catalysts to initiate subsidence. In the reclaimed wetlands that sur-
round the Crescent City, natural accretion has been terminated; the sediment
supply has been reduced to zero. The Mississippi River is no longer allowed to
flood, because in 1927 the need for flood control became apparent. The Missis-
sippi inundated 6.5 million ha in parts of 7 states displacing nearly 800,000
people. After this devastating flood, the U.S. Army Corps of Engineers began
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to construct the Mississippi’s "guide levees." The issue was simple: drain,
reclaim, and protect the city from Mississippi River flooding by constructing
levees. The river was then locked into an artificial conduit; it could no
longer flood New Orleans. The entire system of levees protects against high
tides, rain runoff, and hurricane storm surge.

In retrospect, the intricate network of interconnecting levees had a dra-
matic impact on the general ecology of the wetlands because they altered the
annual natural distribution of fresh water flowing over the banks of the river
into the surrounding marsh-estuary complexes. Natural wetland processes, depo-
sition of the rich sediment load, interlevee-basin drainage regimes, and vege-
tation patterns were altered permanently. The natural system is now superseded
by an artificial one.

With a projected sea-level rise of 1.2 cm/year, coupled with a constant
battle with subsidence, New Orleans faces a questionable future.
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EVOLUTION OF CAT ISLAND PASS, LOUISIANA
John R. Sutev'1 and Shea Penland2

ABSTRACT

Cat Island Pass, located within the abandoned Lafourche delta
complex of the Mississippi River delta plain, separates the barrier
shorelines of the Isles Dernieres and Timbalier Island. Currently some
9 km wide, the inlet consists of three main channels with a maximum
depth of 9 m. Despite a tidal range of 36 cm and relatively low wave
energy, the inlet morphology is mixed-energy, with both tidal deltas
confined to the inlet throat. Historical maps show that the Cat Island
Pass system originally comprised three separate inlets, which eventually
coalesced to form the modern pass.

High resolution seismic profiles and vibracores document the
occurrence of two major sand bodies associated with the development of
this area. The ebb-tidal delta/spit platform reaches a maximum
thickness of 7-9 m near the inlet throat, and is characterized by wavy
horizontal reflectors on seismic profiles and a sequence of fine sand
and shells in vibracores. Underlying this unit is an acoustical package
characterized by high-angle clinoform reflectors interpreted as tidal
inlet channeling. Vibracores through this deposit consist of large-
scale trough cross beds of sand and shell.

The development of Cat Island Pass illustrates a process of tidal
inlet evolution within the Mississippi River delta plain under
conditions of relative sea level rise. Typically generated by hurricane
breaches, tidal inlets are initially flood-dominated, but become ebb-
dominated due to increasing tidal prism resulting from relative sea
level rise and backbarrier wetland loss.

INTRODUCTION

Cat Island Pass, located within the abandoned Lafourche complex of
the Mississippi River delta (Frazier 1967), separates the Isle Dernieres
and Timbalier Island and provides tidal exchange between the Gulf of
Mexico and Timbalier and Terrebonne bays (Fig. 1). Mean diurnal tide
range in the area is about 36 cm, while modal deep water wave height is
1 mwith a period of 5-6 seconds (Bretschneider, 1962). Thus, this area

senior Marine Geologist. 2Senior Coastal Geologist, Louisiana
Geological Survey Coastal Geology Program, Box G, University Station,
Baton Rouge, LA 70893.
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Figure 1. Cat Island Pass is a part of the transgressive depositional
system of the LaFourche delta complex. The inlet separates
the Isles Dernieres from Timbalier Island, providing tidal
exchange between the Gulf of Mexico and Timbalier and
Terrebonne Bays.

fits easily into the morphological classification of Hayes (1979) and
disciples as a microtidal, medium-wave-energy coast. Over 99% of the
deep-water wave energy is dissipated on the shallow Louisiana
continental shelf before reaching the shore (Wright et al. 1974). The
energy regime of this region is complicated by hurricanes, tropical
storms, and extratropical cyclones that generate meteorological tides in
excess of the astronomical range, create overwash conditions during
passage, and significantly increasing wave energy.

Abandonment of the Bayou Petite Caillou delta and development of
the Isle Dernieres began around 420 years B.P., while development of the
Bayou Lafourche barrier shoreline commenced sometime after the
abandonment of the Bayou Lafourche delta some 300 years B.P. (Penland
et al. 1987). The growth of recurved spits and flanking barrier islands
away from the Bayou Lafourche headland resulted in the enclosure of the
interdistributary Timbalier and Terrebonne bays (Fig. 2). Concurrent
hurricane impacts eventually breached the barrier shoreline, initiating
tidal inlet development. As the evolution of the Lafourche system
continued, relative sea level rise resulting from compactional
subsidence and eustatic factors coupled with ongoing backbarrier wetland
a consequence, the volume of water stored within the backbarrier basin
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Figure 2. Shoreline changes for the Timbalier Islands from 1887 to
1978, illustrating the westward migration of the recurved
spit of Timbalier Island.

increased, causing an increase in the volume of water exchanged through
the tidal inlets.

This tidal prism/tidal inlet relationship represents an important
process affecting barrier island shape and tidal inlet sediment
dispersal, evolution, and sand body development. A long-term increase
in tidal prism will eventually lead to an increase in inlet size
(0'Brien 1969; Oertel 1975) either through expansion of the inlet throat
or increased depth. In an inlet system subject to rapid migration this
could result in the volume of sediment stored within the tidal inlet
being comparable to, if not greater thanm, the volume of sediment stored
within the adjacent flanking barrier islands. In the Mississippi River
delta plain, as the tidal prism increases, the morphology of the
individual tidal inlets changes from wave-dominated to tide-dominated.
The evolution of Quatre Bayou Pass (Howard 1984) is illustrative of this
process, which results in the creation of large ebb-tidal deltas within
a microtidal setting. Other inlets in Louisiana such as Caminada Pass,
Barataria Pass, and numerous inlets in the Chandeleur Islands system,
also show: larger ebb- than flood-tidal deltas.

Another process that occurs during the transgression of an
abandoned delta complex is marsh degradation due to compactional
subsidence and salt water intrusion. Through time, this leads to
conversion of backbarrier areas from predominantly marshy environments
to open water bodies. As this occurs, the tendency of the inlets to
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ebb-dominance should be diminished, according to current models
(Nummedal and Humphries 1978; Boon and Byrne 1981). However, as stated
above, Louisiana inlets tend to become more ebb-dominated with time.
This seeming contradiction may be explained by the observation that the
meteorological tides in this area often exceed the astronomical tidal
range. In a typical year, frontal passages (10-25 per season) elevate
and depress sea level between 30 and 120 cm (Boyd and Penland 1984).
Thus, increasing backbarrier basin size results in increased fetch and
perhaps greater setup on the landward portions of the barrier
shorelines, producing stronger ebb currents. Tidal inlets on the Texas
coast are known to be strongly influenced by these processes (Price
1952). Hurricanes are capable of generating storm surges of from 2 to 7
m in this area (Boyd and Penland 1984). Surge elevations in backbarrier
basins are generally greater than on Gulf shorelines, resulting in
enhanced surge ebb flow.

To attempt to understand the effects of the increasing tidal prism,
inlet coalescence, and land loss on the stratigraphy of the area, Cat
Island Pass has been studied by the use of historical shoreline charts,
bathymetric surveys, high resolution seismic profiles, and vibracoring.
This paper presents some preliminary results of these investigations.

MORPHOLOGY OF" CAT ISLAND PASS

Cat Island Pass, currently some 9 km wide (Fig. 1), actually
consists of two major ebb-dominated channels, Wine Island Pass to the
west, and Cat Island Pass proper to the east. The inlets are separated
by Wine Island Shoal, which was a barrier island in the 1880's. Wine
Island Pass has a maximum depth of 11-12 m, while Cat Island Pass
reaches a maximum depth of 7-8 m. The deepest point in the system is a
16-m scour hole in Lake Pelto landward of the minimum cross section of
Wine Island Pass.

Both Wine Island Pass and Cat Island Pass have small to non-
existent flood tidal deltas with little or no bathymetric relief. The
major flood tidal delta sand body in the inlet system is Wine Island
shoal itself. At one time the shoal was a subaerial feature (Figs. 3
and 4), and was probably part of the same barrier shoreline trend of the
Caillou-Brush-Casse Tette Islands (Fig. 1) associated with the Bayou
Terrebonne delta, abandoned some 1270 years B.P. (Penland et al. 1987).
By 1934, the former island had become an intertidal shoal. Its current
morphology represents a large, landward-shallowing flood ramp, forming
an ebb shield with seaward-oriented spits. Two small ebb-dominated
spillover lobes dissect the crest of the shoal, and the associated
channels dissect the shoal into three separate sand bodies (Figs. 3, 4).
The depths in these channels reach 6 m.

The ebb-tidal deltas are confined to the seaward margin of the
minimum cross section, and are defined by the 8-m isobath (Fig. 3). The
thalweg of the main channel is pushed against the eastern margin of Wine
Island shoal by westward-oriented longshore currents, as well as tidal
currents flowing out of the present-day Caillou Pass (Fig. 3).
Extending from Timbalier Island westward into Cat Island Pass is a spit
platform terraced at the 1-, 3-, and 6-m isobaths. Part of this spit
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platform was subaerially exposed in 1985 and was informally designated
as Aaron's Island. The broad 3-m platform serves as the marginal flood
channel of the system, while the lower terrace and 8m thalweg are
bifurcations of the main channel of Cat Island Pass. The eastern
channel terminates seaward as an ebb-spillover lobe, while the thalweg
terminates seaward at the 8-m isobath. The ebb tidal delta of Wine
Island is smaller and attaches to the eastern Isles Dernieres in the
form of a large swash platform. The stability of this stretch of
coastline is evidenced by the recurved spit morphology of the eastern
Isles Dernieres, which attests to a steady supply of sand by tidal inlet
bypassing (see FitzGerald 1982).

SEDIMENT DISPERSAL

The descriptions of sand transport given here are subjective, based
upon morphological observations and comparison to published reports.
Patterns of sediment dispersal for the Isles Dernieres barrier shoreline
are under study as part of a cooperative research project between the
United States Geological Survey (USGS) and the Louisiana Geological
Survey (LGS). That study should help to confirm or deny these
interpretations. Sand moving westward along the beaches of Timbalier
Island enters Cat Island Pass through the marginal flood channel located
between western Timbalier Island and the ebb-spillover lobe and ebb-
tidal delta of Cat Island Pass. Once within the inlet system sand
travels across the ebb-spillover lobe and ebb-tidal delta of Cat Island
Pass up the flood ramp of the Wine Island Shoal flood-tidal delta in the
form of sand waves, megaripples, and swash bars. Sand is then either
recycled within Cat Island Pass or passes westward through Wine Island
Pass onto the eastern Isles Dernieres across a wide swash platform.

Although sediment transport has been greatly affected by human
activities, including the construction of jetties at Belle Pass and the
dredging of the Houma Navigation Canal through Cat Island Pass (Meyer-
Arendt and Wicker 1982), this pattern of sediment dispersal is reflected
by the recurved spit of Timbalier Island, the downdrift nearshore bar
morphology, and historical shoreline changes (Figure 2). At Cat Island
Pass and Wine Island Pass the deflection of the main channels towards
the west across the ebb-tidal deltas supports a net westerly component
of longshore sediment transport. In addition, the occurrence of a well-
developed marginal flood channel at the western end of Timbalier Island
and the absence of a swash platform indicates that sand moves directly
into Cat Island Pass with little exchange taking place from the ebb-
tidal delta onto Timbalier Island. Evidence of a net westerly longshore
transport at the Isles Dernieres includes a well-developed swash
platform associated with Wine Island Pass and the absence of a marginal
flood channel at this location. This is the only stable shoreline along
this barrier island arc. All of this evidence points to the fact that
this tidal inlet system is not totally a sediment sink but does in fact
interact with the adjacent barrier shorelines.

HISTORICAL CHANGES

Historically this system has been characterized by rapid inlet
migration (Figs. 3, 4). In 1891 (Fig. 4) Caillou Island separated Pass
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Generalized bathymetric charts for the Cat Island Pass area,
1891-1974-1986. Note the transformation of Wine Island to
Wine Island Shoal and the capture of Caillou Pass by Cat
Island Pass.
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Figure 4. Cross-sectional profiles of the Cat Island Pass area, 1891-
1934-1974-1986. Profiles are drawn on minimum inlet cross
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USACE 1962).



CAT ISLAND PASS 2085

Caillou from Cat Island Pass, while the separation of Wine Island Pass
was maintained by Wine Island. The inlets reached maximum depths of 8
m. A spit platform extended westward into Caillou Pass from Timbalier
Island, and all the main channels of the tidal inlets showed westward
deflection across their ebb-tidal deltas.

By 1934, the westward migration of Timbalier Island had forced Pass
Caillou to merge with and flow out Cat Island Pass (Fig. 3). The new
single inlet increased in cross sectional area, shoaled to less than 8
m, and possessed a width of about 9 km. Deflection of the main channel
to the west caused the severe erosion of Wine Island Shoal on its
eastern end. By contrast, Wine Island Pass was relatively stable, and
increased in depth from 8 m to 11 m. The stability of Wine Island Pass
is probably due to its being cut into underlying deltaic clays (USACE,
1962). The spit at the eastern end of the Isle Dernieres migrated some
10 km to the east, resulting in the shoaling of the marginal flood tidal
channel (Fig. 4).

Continued westward migration of Timbalier Island resulted in the
coalescence of Cat Island Pass and Wine Island Pass by 1974. The walls
of the main channel of Cat Island Pass had steepened, and the maximum
depth increased to about 9 m. Wire Island had been completely reworked
into a flood-tidal delta, separating the various channels of what had
become a single inlet system.

This pattern of tidal development has continued, as indicated by
the 1986 bathymetric survey conducted by the USGS. Timbalier Island has
continued to migrate westward, while the position of Wine Island Pass
and the eastern Isle Dernieres has remained fairly stable. The major
differences shown in Figures 3 and 4 from earlier periods are the
formation of a terrace at 2-3 m on the eastern wall of Cat Island Pass,
and the formation of an ebb-spillover lobe terrace at 4-5 m.

STRATIGRAPHY OF CAT ISLAND PASS

A number of hypothetical stratigraphic sequences have been proposed
for transgressive tidal inlet deposits (Hayes and Kana 1976; Hubbard and
Barwis 1978; Hubbard et al. 1979; Hayes 1980). Boothroyd (1985) stated
that the hypothetical sequence of Hayes (1980), quite similar to the
sequence given for Fire Island inlet, New York, by Kumar and Sanders
(1974, 1975) was effectively a regressive sequence that should be
applicable to inlets subject to rapid spit migration. As this is the
case for Timbalier Island and Cat Island Pass, a documentation of the
actual facies seems in order.

The occurrence, facies, and geometry of the Cat Island Pass area
were examined by high resolution seismic profiles and vibracores.
Several cooperative cruises between the LGS, the USGS, and the
Terrebonne Parish government took place in 1982, 1983, and 1985. The
profiles used in this report were gathered in 1982 and 1984 (Fig. 5).
Both ORE Geopulse and Datasonics 3.5 kHz subbottom profiler systems were
used to provide both penetration and resolution of the area. The 1982
cruise was staged during the month of December under adverse weather
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Figure 5. Location of high resolution seismic profiles and vibracores
used in this report.

conditions resulting in relatively poor data, while better weather and
calmer seas in 1984 produced better results.

Vibracores were obtained in 1983 and 1986 in the Cat Island Pass
area (Fig. 5). In 1983, the area of the eastern Isles Dernieres was
examined as part of a pilot project to determine the occurrence and
location of nearshore sand resources. In 1986, vibracores of the Isles
Dernieres and Timbalier Island areas were gathered as part of the
statewide Louisiana Nearshore Sand Resource Inventory and a cooperative
project between the LGS and USGS (see Sallenger et al. 1987).

Two major acoustical packages were identified on the high
resolution seismic profiles (Figs. 6, 7, 8). The upper sand body
corresponds to the bathymetric expression of the ebb-tidal delta/spit
platform. The unit is characterized by wavy horizontal reflectors that
gradually pinch out on the inner shelf and back barrier lagoon (Figure
7A). The maximum thickness is 7-9 m near the inlet throat. The 8-m
isobath marks the seaward limit of the deposit. The thickness of this
unit is significant to its preservation potential. The depth of the
shoreface in this area is 3-5 m (Penland and Suter 1983), so that the
distal portions of the ebb-tidal delta have relatively low preservation
potential, while the basal portions of its more landward parts are more
likely to be incorporated into the stratigraphic record. Figures 8A-8C
show the vertical sequence through various parts of this unit. The
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Figure 6. Location of the two major acoustical packages visible on high
resolution seismic profiles. Zone of high-angle clinoforms
represents the migration path of the main channel.

dominant sedimentary structures are low-angle to subhorizontal
laminations with ripple cross beds, often obscured by considerable
burrowing.

Below the ebb-tidal delta sand body is another deposit marked in
the seismic records by high-angle clinoform reflectors that dip to the
northwest (Figs. 7B, 7C; B8A, 8C-D). This unit is interpreted as a
channel fill within the inlet migration path of Cat Island Pass. The
channel fill also contains chaotic as well as high amplitude reflectors.
Chaotic reflectors are attributed to attenuation of the sound signal by
coarse- grained deposits, while the high amplitude reflectors mark the
occurrence of shell beds within the sequence. Vibracore S$5-86-9
documents a shell-rich vertical sequence within the buried channel (Fig.
8C). The common occurrence of large shell valves and shell hash beds
with well-defined scour surfaces provides an excellent variant on what
zan be expected to characterize ancient deposits. The interbeds of sand
and shell are believed to be the surfaces responsible for the high angle
clinoform reflectors in Figures 7B and 7C.

This deposit has a high preservation potential. It reaches a
maximum thickness of 12 m in the thalweg of the channel system offshore,
and extends up to 7 km offshore. The advancing shoreface has already
truncated much of the deposit. As a consequence, much of this inlet
sequence is already preserved. Currently, the tidal channel sand body
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covers an area of about 150 ki® with a volume of approximately
640,000,000 , assuming an average thickness of 4 m. This compares
favorably with the amounts of sand stored within the Isles Dernieres and
Timbalier Island barrier shorelines, which have not yet been fully
submerged and truncated by shoreface erosion. Continued transgression
of the inlet system will result in the presence of a large tidal channel
sand body, overlain by a reworked sand sheet. This is a characteristic
of other barrier retreat paths in the Mississippi River delta plain such
as the Chandeleur Islands (Penland and Suter 1983; Penland et al. 1985)
and possibly Trinity Shoal (Suter et al. 1985). The Cat Island Pass
sand body is the largest such tidal channel sand identified offshore of
the Mississippi River delta plain. The greater size of this feature is
a combination of a number of factors. The inlet drains two interdistri-
butary bays and thus began with a relatively large tidal prism.
Appropriate orientation to wave approach caused the migration of the
Timbalier Island spit, forcing the migration of the Cat Island Pass,
resulting in extensive channel fill sands. Increasing tidal prism due
to relative sea level rise and wetland loss resulted in the growth of
the inlet and the creation of one of the largest transgressive sand
bodies in the Mississippi River delta plain.

SUMMARY AND CONCLUSIONS

Cat Island Pass is an example of a tidal inlet in a microtidal,
transgressive setting, which has a morphology ore typical of mixed-
energy, tide-dominated inlets. This condition is attributed to a
process of tidal prism growth resulting from backbarrier landloss due to
relative sea level rise. Ebb dominance from increased tidal flow is
presumed to be enhanced by increased setup by meteorological tides on
the landward margins of the barrier shorelines owing to greater fetch as
the backbarrier basins grow.

Two major facies are preserved in the retreat path of Cat Island
Pass. Tidal channel fill, characterized by high-angle clinoforms and
chaotic reflectors on high resolution seismic profiles, showed a
sequence of up to 5 m of trough cross beds of fine sand and shells. The
ebb-tidal delta/spit platform deposit, comprising a relatively thin
sequence of fine sand and shells, is volumetrically less significant.
However, increasing rates of relative sea level rise may lead to the
preservation of more of the landward portions of the current ebb-tidal
delta.
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TRANSGRESSIVE EVOLUTION OF THE CHANDELEURISLANDS,
LOUISIANA

John R. Suter', Shiea Penland', SJ. Williams’ and Jack L. Kindinger*

ABSTRACT

Analyses of over 2500 line miles of high resolution seismic profiles, supplemented by vibracores and soil borings, illustrate the
evolution of the Chandeleur Isiands through transgressive processes associated with the abandonment of the St. Bernard compiex of
the Misssissipi Delta some 1500 years B.P. Historical maps show that the sysiem has been eroding, migrating landsward and losing
area for the last 100 years. Hurricane impacts accelerate erosion and segment the islands, followed by limited recovery during
fair-weather periods. Relative sea level rise from subsidence and eustatic factors contribute to the loss of island area.

From south to north, the geomorpholugy of the system varies from small,ephemeral islands and shoals to wide beached, hummocky
dune fields. flood-tidai deltas, and washover fans. The last two overlie and interfinger with the lagoons! muds of Chandeieur and
Breton Sounds, indicating landward migration, a fact confirmed by landward dipping clinoformal reflectors in seiamic sections. The
numerous tidal inlets and recurved spits of the Chandeleur Islands have offshore equivalents in the form of buried tidal-inlet scars and
truncated spit platforms. Two major distributary zones, probably refating to different delta lobes, occur both landward and offshore of
the islands in their southern and central portions. individual channels within these zones reach 1300 feet in width and 50 feer in depth.
Landward of the islands. distributary-associsted deposits in the upper few feet of sediment show more complex reflection patterns
than their offshure equivalents, resulting from truncation of the latter by shoreface erusion. Adjoining the central distributary system
is 3 zone of high angle, seaward dipping clinoformal reflectors as thick as 20 feet that extends several miles of fshore. This deposit.
evidence of former progradation, is interpreted as a truncated beach-ridge plain similar to the modern day Cheniere Csminada.
Erosional and depositional trends and the distribution of facies within the system clearly demonstrate the ongoing transgressive

submergence of the Chandeleur Islands.

INTRODUCTION

The ChandeleurIslands are the oldest and largest barrier
island system in the Mississippi River delta plain. The
system, which includes the smaller barriers of the Breton
Islands, Curlew Island, Grand Gosier Island, as well as the
Chandeleurs proper, is more than 45 miles long, and island
widths range from 600 feet to about one and one-half miles
(Figures 1&2). Historical charts show that the islands have
been eroding, migrating landward and losing area for the
last 100 years (Penland et al., 1985; Figure 2). Hurricane
impacts, such as those of Hurricanes Danny, Elena, and
Juan in 1985, accelerate the erosion and segment the
islands, followed by limited recovery during fair weather
periods. This recovery is not sufficient to maintain the
islands and as a result, long term net land loss ensues.
Relative sea level rise from both ongoing subsidence and
eustatic factors contributes to the loss of island area.

The oblique orientation of the Chandeleur chain to the
dominant southeast wave approach leads to the prefer-
ential transport of sediment northward. Toward the north,
large washover channels and fans separated by hummocky
dunefields, with wide beaches, and multiple barsin thesurf
zone, dominate the geomorphology. Farther south, as
island widths narrow and heights decrease, washover
channels and fans give way to discontinuous washover
terraces. In the southernmost section, the island arc is
fragmented into a series of small ephemeral islands and
shoals separated by tidal inlets. As the islands evolve, net
subaerial areaisdecreasing and net shoal areaisincreasing.

'Louisiana Geological Survey, Box G, University Station, Baton
Rouge, Louisiana 70893

United States Geological Survey, Reston, Virginia

‘United States Geological Survey, Fisher Island Station, Miami,
Florida
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Figure 1. The Chandeleur Island barrier system, located
to the northeast of the modern Mississippi Delta, contains
the Breton Islands, Grand Gosier Island, Curlew Islands,
and the Chandeleurs themselves. Tracklines of high reso-
lution seismic profiles from cruises in 1981 (dashed lines)
and 1985 (solid line) are shown, along with locations of
figures used in this paper (after Suter and Penland, 1987).

Transgressive barrier systems in the Mississippi River
delta plain appear to follow a recognizable evolutionary
sequence (Penland and Boyd, 1981; Penland et al_, 1981). A
key element of this hypothesis lies in the interaction of
shoreface retreat (Swift, 1975) and ongoinng subgidence.
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Figure 2. Shoreline changes in the Chandeleur Islands between 1870 and 1978 (from Penland et al. 1985).

Erosion of coarser-grained deltaic deposits provides the
sediment source for the formation of coastal barriers.
Continuing subsidence and transgression isolate the barrier
sand sources on the inner shelf, so that they eventually lie
at depths from which they no longer contribute sediment to
the subaerial components of the system. Diminishing sedi-
ment supply and continuing transgression culminate in the
complete submergence of the barriers and the formation of
inner-shelf shoals. Penland et al. (in press) used the term
“transgressive submergence” to describe this evolutionary
model. During transgressive submergence, preservationor
destruction of coastal barrier facies and the resulting
stratigraphic record is a competition between the depth of
shoreface erosion {i.e., wave energy or the depth of the
shoreface) and the rate of subsidence. Those sediments
which lie above the depth of shoreface erosion, or the
ravinement surface, will be eroded away, while those that
lie below will be preserved. Penland and Suter (1983) and
Penland et al. (1985) reported on some aspects of the
transgressive evolution of the Chandeleur Islands. The
purpose of this paper is to determine the applicability of
transgressive submergence to the Chandeleur Islands in
light of more recent seismic information.

DATABASE

The Chandeleur Islands were surveyed using high-reso-
lution seismic-profiling techniques in 1981 and 1985) (Fig-
ure 1). Approximately 2500 line miles of profiles, including
ORE Geopulse and 3.5-kHz data were collected and ana-
lyzed for this paper. The quality of data was quite variable,
ranging from poorin the areas near the modern Mississippi
Delta to outstanding in the extreme northern end of the
island arc. In 1987, an additional 2200 line miles of high-
resolution seismic profiles were collected offshore of the
Chandeleur Islands and in Chandeleur Sound as part of a
cooperative project between the Louisiana Geological Sur-
vey and the U.S. Geological Survey. These data, along with
78 forty-foot offshore vibracores and 68 vibracores from
the island system itself, also taken in 1987, are currently
being analyzesd. Preliminary results are expected to be
available 1n late 1988.
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STRATIGRAPHY

Earlier studies show that the Chandeleur Islands are
retreating landward over the underlying sediments of the
abandoned St. Bernard delta (Kolb and van Lopik, 1958;
Frazier, 1967; Frazier et al., 1978; Penland and Suter, 1983;
Penland et al. (1985). Major distributary headlands, the
original sandsources for formation of the Chandeleurs,
now lie on the lower shoreface and inner shelf and extend
seaward under the thin and discontinuous central and
southern Chandeleur Islands (Figure 3). These distributary
deposits are up to 50 feet thick and some 1300 feet wide.
Shoreface erosion has removed any transgressive sedi-
ments that may have once accumulated in this area, so that
the distributary channel fills are exposed on the surface of
the inner shelf (Figure 4). Landward of the islands, distri-
butary-associated deposits in the upper few feet of sedi-
ment show more complex reflection patterns than these
offshore features.

In the southern portion of the system, the barrier sand
body is some 12 to 15 feet thick. The entire deposit lies
above the depth of ravinement (about 20 to 30 feet, Penland
and Suter, 1983) and thus has a low preservation potential.
The basal portion of truncated distributaries of the St.
Bernard delta, and former tidalinlet channels can be seen in
seismic profiles. Landward of the islands, flood-tidal delta
deposits overlie lagoonal muds that extend seaward under
the island and are exposed on the inner shelf in the retreat
path (Figure 5).

Northward, the barrier sand body is thicker and more
continuous, averaging 15 to 20 feet and reaching over 30
feet in some places. Portions of the deposit in this area lie
below the depth of shoreface erosion (about 13 feet,
Penland and Suter, 1983) and are preserved on the inner
shelf. The thickest deposits occur in the recurved spit at
Hewes Point at the extreme northern end of the Chande-
leur Islands (Figures 1,6).
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Most of the island arc shows some indication of tidal
channeling in nearshore areas (Figure 3). These ubiquitous
features are probably remnants of surge channels cut by
hurricanes, which can remain open for some time as
ephemeral tidal inlets. The channels reach depths of about
18 feet below the base of the barrier platiorm itself.
Offshore the central island arc, a zone of high angle clino-
form reflectors is interpreted as submerged beach-ridge
plain deposits (Figure 7). This unit adjoins the major
distributaries identified in the area, and is probably analo-
gous to the Cheniere Caminada beach-ridge plain on the
Caminada-Moreau headland )Gerdes, 1985). The beach-
ridge unit is about 20 feet thick and extends several miles
offshore.

SUMMARY AND CONCLUSIONS

Historical maps and modern photography show that the
Chandeleur Island system is continuing to undergo net
coastal erosion and land loss. Analysis of high resolution
seismic profiles has shown the ubiguitous occurrence of
submerged barrier and associated facies, including lagoon-
al, tidal inlet, tidal delta, recurved spit, and beach ridge
deposits in the nearshore areas of the system. Major
distributary channels in the central Chandeleur extend
more than eight miles seaward of the present shoreline.
Together these data provide clear evidence of ongoing
transgressive submergence. The southern portions of the
system appear to be in the incipient stages of conversion to
inner-shelf shoals, while the northern islands still maintain
their subaerial character. However, ongoing erosion and
submergence due to depletion of the barrier sand sources
and relative sea level rise will eventually completely sub-
merge the islands.
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A GEOMORPHOLOGIC MODEL FOR MISSISSIPPI
DELTA EVOLUTION

Ron Boyd!, Shea Penland?,
ABSTRACT

The Mississippi River has established six delta complexes in the last 9000 years. Sediments are currently supplied only to
two of these complexes, neither of which is more than 500 years old. Deitaic sedimentation during most of the Holocene has
occurred in shoal-water deltas unlike the modern Balize lobe which is located at the shelf break. Mississippi delta
sedimentation is cyclic and consists of a regressive and a transgressive phase. Each delta complex first experiences
progradation until over-extension leads to abandonment and reworking. Mississippi deltas undergoing transgression are
dominated by subsidence and marine basin processes leading to the formation of sandy barriers and lagoons.

Each of the six delta complexes followed a common pattern of development after-abandonment. Current delta
geomorphology reflects the variation in age of each delta complex and can be summarized in a three stage model beginning
with Stage 1. Erosional Headland and Flanking Barriers. Here. distributary sands are reworked by the retreating shoreface
and dispersed laterally by longshore transport into flanking barriers which enclose interdistributary bays. In Stage 2,
Transgressive Barrier island Arc, submergence of the erosional headiand generates an intradeltaic iagoon which separates
the barrier istand arc from the retreating mainland. The model ends with Stage 3, Inner Shelf Shoais, where the retreating
barrier 1sland arc 1s unable to keep pace with relative sea level rise or the more rapidly retreating mainland. This results in
submergence of the barrier island arc, which continues to be reworked as a sandy shoal on the inner continentai sheif. This
model of delta evolution illustrates mechamsms for generation of both barrier islands (in Stages 1 and 2) and continental

shelf sand bodies (in Stage 3).

INTRODUCTION

The Holocene Mississippi River delta plain is located in
southeast Louisiana and occupies 300 miles {500 km) of
coastline on the northern Gulf of Mexico (Fig. 1). Sediment is
currently supplied to only two active delta complexes within
the delta plain, the Modern and the Atchafalaya (Fig. 2). Sandy
barriers and lagoons occupy the remaining 220 miles (350 km)
of transgressive delta plain coastline.

Many classic studies, (e.g. Kolb and van Lopik, 1958; Fisk,
1955, 1961: Coleman and Gagliano, 1964; Frazier, 1967) have
focused on the regressive phase of Mississippi deita sedimen-
tation. However, for the corresponding transgressive com-
ponent no comprehensive description or model currently
exists. The primary objective of our study is to develop a
geomorphologic model describing the genesis, evolution, and
characteristics of Mississippi delta complexes undergoing
transgression. A second objective is to examine the impli-
cations of this model for concepts of shoreline and shelf
evolution.

Relative sea level (RSL) in the Gulf of Mexico is inferred to
have risen from depths of -425 ft (130 m), 15000 yr BP (before
present), Curray, 1960) to around -30 ft (9m) by 8000 yr BP. A
subsequent rate of RSL rise around eight inches (20 cm) per
century then occurred until eustatic sea level reached its
present position around 3600 yr BP (Coleman and Smith,
1964). Since this time RSL along the Mississippi Delta coastline
has continued to rise, mainly in response to submergence of
the land surface. Subsidence is primarily caused by the
compaction and dewatering of deltaic deposits and varies as a
function of sediment thickness and age (Morgan and Larimore,

1Center for Marine Geology, Dalhousie University, Halifax,
Nova Scotia, B3H 3}S.

lLouisiana Geological Survey, Box G, University Station,
Baton Rouge, Louisiana, 70893.

1957). Present rates range from three inches (7.5 cm) per
century for old shallow-water deita complexes (Coleman and
Smith, 1964), to 24 inches (60 cm) per century for intermediate
agedeltas, to 240 inches (600 cm) per century for the presently
active deepwater Balize Delta (Kolb and Van Lopik, 1958).

The northern Gulf of Mexico is a storm-dominated environ-
ment experiencing relatively low energy levels resulting from
wind and wave processes, except for the winter passage of cold
fronts and the summer occurrence of hurricanes and tropical
storms. Tides in the region are mixed and predominantly
diurnal with a microtidal range of 12 inches (30 cm).

The depositional history (delta cycle-Scruton. 1960) of each
Holocene Mississippi delta compiex starts with the progra-
dational phase in which the Mississippi River deposits its
sediment load into the Gulf of Mexico. Longterm delta iobe
progradation leads to overextension of the distributary net-
work, a decrease in hydraulic efficiency, followed by upstream
distributary diversion. The channel switches to a shorter,
more efficient course with a steeper gradient and generates a new
delta complex. Upstream diversion results in the transfor-
mation of the older, regressive delta complex into the trans-
gressive phase of the delta cycle. Flow through the abandoned
distributary does not transport sufficient quantities of sedi-
ment to maintain the delta surface against the effects of
subsidence. Marine processes erode and rework the seaward
periphery of the abandoned delta complex and concentrate the
sand-sized sediments into transgressive barrier shorelines
(Kwon 1969). Although the abandoned deltas no longer
receive fluvial input, they contifiue to evolve and accumulate
transgressive sedimentary sequences. As is the case with the
Atchafalaya and Teche complexes, abandoned deltas may later
be occupied by a new regressive phase of sedimentation. When
this occurs, Mississippi River sedimentation has completed a
full cycle of regression, abandonment, transgression and
reoccupation. During the Holocene the Mississippi River has
built at least six delta complexes (Frazier, 1967). It has
abandoned four (Maringouin, Teche, St. Bernard, Lafourche)
and continues to supply two (Plaquemines/iModern and Atcha-

falaya). 79
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Figurel. Location of the Mississippi river delta plair. Transgression of abandoned delta complexes creates coastal systems fronted
by barrier shorelines and subaqueous sand bodies. Transgressive coastal systems cover the majority of the delta plain shoreline.

A MODEL FOR THE
TRANSGRESSIVE PHASE OF
MISSISSIPPI DELTA EVOLUTION

General Model

Each abandoned Mississippi delta complex evolved in a well
established temporal sequence (Frazier, 1967). Following a-
bandonment, each delta complex was reworked into a trans-
gressive coastal system. Therefore, each resulting trans-
gressive coastal system also exists in an evolutionary sequence.
Its position in that sequence is determined by the age of the
delta complex from which it was derived (Fig. 2). The genesis
and evolution of Mississippi deltas during transgression can be
summarized (Fig. 3) in a three stage model. The model
sequence begins with STAGE 1 - Erosional heidland and
flanking barriers. Here regressive deltaic sand deposits are
reworked by the retreating shoreface and dispersed laterally
by longshore transport into contiguous flanking barriers. Next
comes STAGE 2 - Transgressive barrier island arc. Submer-
gence of the erosional headland generates an intra-deltaic
lagoon separating the barrier island arc from the retreating
mainland. The sequence ends with STAGE 3 - Inner shelf
shoals. The retreating barrier island arc is unable to keep pace
with RSL rise or the retreating mainland and subsides below
sea level. Following submergence the barrier island arc con-
tinues to be reworked as a sandy shoal on theinner continental

shelf.
80

Stage 1 - Erosional Headland and Flanking Barriers

Two Stage 1 coastlines are currently found on the Missis-
sippi delta plain, the first derived from the Lafourche delta
complex (Late Lafourche delta) and the second from the
Plaquemines-Modern delta complex. The Stage 1 coastline is
composed of four basic components: 1) erosional deltaic
headland. 2) flanking barrier spits and islands, 3) tidal inlets
and 4) restricted interdistributary bays (Fig. 3).

Late Lafourche Coastline

The Late Lafourche coastline consists of the erosional
headland of Bayou Lafacurche fronted by the Caminada-
Moreau coast and two nearly symmetrical sets of flanking
barriers; Caminada Pass Spit and GrandIsle to the east and the
Timbalier Islands to the west (Fig. 4). Fifty-two percent of the
Late Lafourche delta shoreline is composed of a low barner
beach in the form of a thin continuous washover sheet
approximately 40 inches (1 m) above mean sea level (Boyd and
Penland, 1981). Salt marsh has replaced freshwater marsh and
is accumulating landward of the beach and also crops out inthe
surf zone seaward of the beach, indicating a negative sediment
budget and rapid retreat. The eastern half of the erosional
headland (Fig. 5) consists of a beach ridge plain (Ritchie, 1972;
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Figure 2. The Holocene Mississippi delta plain is composed of six major delta complexes which evolved over the past 7000 years.
Each of the four abandoned delta complexes has an associated transgressive coastal system (see Figure 1) whose age and
characteristics are determined by the delta complex from which they were derived.

Gerdes. 1985) composed of sediments probably derived from
the earlier Bavou Blue erostonal headland further east. Shore-
face retreat is actively occurring along the Caminada-Mcreau
coast reworking the distributary sand bodies of Bayou La-
fourche and Bavou Moreau and the beach ridge plain of
Chentere Caminada. The dominant wave approach direction
to the Caminada-Moreau coast is from the southeast. This,
together with the convex shoreline, produces a longshore
sediment transport divergence from the central erosional
headland. Moving away from the central erosional headland,
increasing downdrift sediment abundance leads to the de-
velopment of small washover fans and low, hummocky dune
fields which eventually coalesce further downdrift to form a
higher, more continuous washover terrace, and eventually, a
foredune ridge (Ritchie and Penland, 1985). Downdrift flank-
ing barrier islands migrate laterally, in the direction of long-
shore sediment transport, by erosion at the updrift ends and
accretion downdrift. Washover sheets and multiple shallow
breaches are common on the updrift or erosional ends of these
islands. Downdrift, longshuore bars become more prominently
developed in the nearshore zone and, toward the end of the
svstem, bars become attached In these downdrift zones,
lateral building of recurved spits s taking place. Recurved spit
morphology formed during the growth of both Timbaler
Island and Grande Isle indicates the importance of an updrift
sand source in the Late Lafourche erosional headland In the
erosional headland and flanking barrier stape, the greatest
shoreline erosion occurs within the erosional headland itself

(33-65ftlyr or 10-20m/yr on the Caminada Moreau coast) and
on the updrift ends of the flanking barrier islands. Maximum
accretion rates of 33-65ftiyr (10-20mlyr) are found on the
downdrift ends of the Timbalier Islands-Grand Isle flanking
barriers.
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