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Introduction – Louisiana Wetland Loss

 Coastal wetlands: > 5000 km2 land loss since 1930s

GULF OF MEXICO

Presenter
Presentation Notes
Wetland loss has been an important environmental and economic issue for coastal Louisiana, where high historical land-loss rates have resulted in the conversion of more than 5000 km2 formerly emergent wetlands to open water since the 1930s. Our recent studies demonstrated close temporal and spatial correlations between historical wetland loss, land-surface subsidence, and deep-subsurface hydrocarbon production in the Mississippi River delta plain. This study extends that work to investigate the temporal and spatial distribution of and physical processes that contribute to historical wetland loss in the western chenier plain.

1932-1956: 1664.1 km2 
1956-2004: 2981.1 km2 
2004-2006: 512.8 km2 



Sabine National Wildlife Refuge

 Different geologic setting and depositional style in 
western chenier plain than delta plain

Presenter
Presentation Notes
Delta plain – thick Holocene sedimentary section (> 60 m) deposited in overlapping delta lobes within the incised Pleistocene Mississippi River valley; sediment transport approximately perpendicular to Gulf shoreline.

Chenier plain – thin wedge of Holocene sediments (< 6 m) overlies Pleistocene sediments that were subaerially exposed during the last sea-level lowstand; constructed by alongshore transport of deltaic sediments from the east, resulting in the progradation of narrow, sandy beach ridges (cheniers) with intervening broad mudflats.



Sabine National Wildlife Refuge

 Extensive interior wetland loss since 1950s

SABINE
LAKE

CALCASIEU
LAKE

Presenter
Presentation Notes
SNWR established 1937 – managed by USFWS to maintain, restore, and perpetuate habitat for migratory waterfowl; occupies a broad, shore-parallel, topographically low area that formed between the higher Holocene beach ridges along the Gulf shoreline to the south and the Pleistocene upland areas to the north. 
 - Encompasses about 500 km2 coastal wetlands between Sabine and Calcasieu Lakes in Calcasieu-Sabine hydrologic basin; historical wetland losses between 1956-2004 totaled about 125 km2.



Objectives

 Assess temporal and spatial distribution of historical 
wetland losses in the western chenier plain

 Estimate relative importance of subsidence and 
erosion at SNWR wetland-loss study areas

 Compare attributes of land-area change between 
western chenier and delta plains



Datasets and Methods

 Historical aerial photography
 Sediment cores
 Datum-corrected water depths and marsh elevations

SABINE
LAKE

CALCASIEU
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Presenter
Presentation Notes
Same general datasets and methods that were used in the delta plain:
 - Historical aerial photography – wetland-loss trends.
 - Shallow sediment cores – subsidence and erosion across areas of formerly emergent marsh.
 - Water depths measured in the field at and between core sites corrected to common datum using nearby tide gauges.



Historical Wetland-Loss Trends

 Most wetland losses occurred between 1956 and 1978
 Some continued land loss in western SNWR through 

early to mid-1980s

Presenter
Presentation Notes
Most wetland losses occurred prior to late 1970s:
 - Unit 3 – some wetland losses associated with creation of freshwater impoundment for migratory waterfowl in 1950s. 
 - North of Unit 1 near Hackberry – patterns of wetland loss partially controlled by extent of topographically higher Pleistocene upland surfaces.

Some continued land loss in western SNWR through the early to mid-1980s: 
 - Unit 5 around Greens Lake – areas of wet marsh (submerged but still visible) were alternately exposed or submerged depending on water levels when the images were acquired until mostly permanently submerged by 1989. 
 - Indicates minor but rapid subsidence initiated marsh fragmentation and conversion of continuous emergent marsh to open water.

Wetland losses since the 1980s associated primarily with storm impacts.



Historical Wetland-Loss Trends

 1955 – mostly continuous emergent marsh  



Historical Wetland-Loss Trends

 1965 – some broken and flooded marsh



Historical Wetland-Loss Trends

 1978 – large expanses of open water; submerged wet 
marsh still visible in Unit 5



Historical Wetland-Loss Trends

 2004 – little additional land-area change



Historical Wetland-Loss Trends

 2008 – orthogonal-elongate ponds and marsh shear 
resulting from Hurricanes Rita (2005) and Ike (2008)



Processes of Historical Wetland Loss:
Estimating Subsidence and Erosion

 Correlate thicknesses and elevations of shallow 
stratigraphic units to estimate subsidence and erosion

Presenter
Presentation Notes
Erosion = difference in marsh-sediment thickness at open-water core site and the reference stratigraphic section at that core site.
Subsidence = elevation difference of the correlated stratigraphic contact.
Erosion + Subsidence = 1D (vertical) Accommodation = reference marsh-surface elevation minus water depth.

SNWR – 3 or 4 general sedimentary facies:
 (1) peat
 (2) mud or clay
 (3) interbedded light and dark gray clay
 (4) mottled clay and silty clay – oxidzed Pleistocene sediments



Historical Subsidence and Erosion of 
SNWR Marshes

 Core sites transect historically emergent marshes

Presenter
Presentation Notes
Example: core transect south of Greens Lake



Historical Subsidence and Erosion of 
SNWR Marshes

 1965 – mostly continuous emergent marsh; some 
initial fragmentation and ponding on marsh surface



Historical Subsidence and Erosion of 
SNWR Marshes

 2005 – large open-water body around Greens Lake; 
fragmented marsh and open water along core transect



Historical Subsidence and Erosion of 
SNWR Marshes

 2010 – erosional ponds formed by Hurricane Ike; 
marsh terraces constructed between 2004-2008



Historical Subsidence and Erosion of 
SNWR Marshes

 Erosion >> subsidence at most core sites
 Peat facies absent (eroded) at most open-water core sites

Presenter
Presentation Notes
Although both erosion and subsidence contributed to historical wetland loss at SNWR:



Historical Land-Surface Subsidence in 
the Western Chenier Plain

 Cameron tide gauge: 4.1 mm/yr RSLR from 1942-2005
 Rapid rise in RSL (12 mm/yr) between 1954 and 1975

 Sabine Pass tide gauge: 5.7 mm/yr RSLR from 1958-2006
 Leveling surveys: 12-15 mm/yr between 1965 and 1982

 Subsurface fluid withdrawal in western chenier plain:
 Peak hydrocarbon production in 1960s and early 1970s
 High rates of water production sustained through 1990s

Presenter
Presentation Notes
Sources for estimating historical subsidence rates:
 - Cameron tide gauge – rapid rise in RSL between 1954-1975 approximately coincides with period of greatest historical wetland loss; similar trend from early 1960s to mid 1970s at Sabine Pass.
 - NGS leveling surveys at BMs between Hackberry and Holly Beach > estimates from other sources (local subsidence rates at Sweet Lake geopressured-geothermal design well 4.2 mm/yr from between 1968-1980) but partially coincide with the period of rapid RSLR at Cameron tide gauge.

Historical subsidence rates in western chenier plain generally < highest historical subsidence rates in delta plain but temporal trends are similar: slow  rapid  slow
Compaction and dewatering of Holocene sediments (contributes to subsidence of thick Holocene section in delta plain) is not significant in western chenier plain where Holocene sediments are thin, indicating that historical land-surface subsidence likely originated in the deep subsurface.

SNWR – overlies a deep structural low that formed in response to salt withdrawal and formation of salt-cored uplifts at o+g fields north and south of the refuge.
Although o+g fields in western chenier plain are generally smaller with lower total production than fields in the delta plain, producing trends are similar:



Comparison of Wetland-Loss Parameters 
at SNWR and Delta-Plain Marshes

SNWR Delta Plain
Marsh Elevation 30 - 71 cm (avg. 44) 17 - 51 cm (avg. 36)
Peat Thickness 13 - 101 cm (avg. 51) 89 - 365 cm (avg. 145)
Subsidence 0 - 38 cm (avg. 14) 0 - 149 cm (avg. 59)
Erosion 0 - 61 cm (avg. 33) 0 - 181 cm (avg. 34)
1D Accommodation 13 - 88 cm (avg. 47) 35 - 202 cm (avg. 99)
Average Water Depth -9 cm -47 cm

Presenter
Presentation Notes
Compared with delta-plain cores: 
 - average emergent marsh elevations higher in the western chenier plain where historical subsidence rates were lower
 - organic-rich marsh sediments (peat) thinner in SNWR cores
 - water depths shallower
 - magnitudes of subsidence and total accommodation less



Comparison of Wetland-Loss Parameters 
at SNWR and Delta-Plain Marshes

Presenter
Presentation Notes
Delta plain – subsidence > erosion and peat deposits were so thick that they were preserved even where erosion ≥ subsidence
SNWR – erosion > subsidence and thin peat deposits generally were absent (eroded) at open-water core sites



Conclusions and Implications

 Most historical wetland loss in western chenier plain 
occurred between 1956 and early 1980s

 Land-area fluctuations and wet marsh in 1960s and 
1970s imagery indicates historical wetland loss was 
initiated by land-surface subsidence

 Erosion >> subsidence at most SNWR core sites



Conclusions and Implications

 Magnitudes of subsidence and total accommodation 
space formed in western chenier plain are less than 
in delta plain 

 Similar temporal and spatial trends of rapid wetland 
loss and highest historical subsidence rates 
indicates historical wetland loss was likely initiated 
by deep subsurface subsidence in both western 
chenier and delta plains

Presenter
Presentation Notes
Delta plain – long-term, large-volume subsurface fluid production was largely responsible for rapid land-surface subsidence that initiated widespread historical wetland loss.
Western chenier plain – hydrocarbon production volumes are generally less than in delta plain, but temporal production trends are similar.

SNWR – initial subsidence lowered emergent-marsh surface to a position where more susceptible to erosion by storm waves.
Hurricanes – contribute to localized historical wetland losses in western chenier plain.



Ongoing Work

 Analyze bathymetric data (August 2010) to quantify 
3D accommodation (volume) that formed as a result 
of historical wetland losses at SNWR

Presenter
Presentation Notes
Provide an estimate of new sediment that would be needed just at the study areas to restore coastal wetlands to their pre- land loss aerial extent and elevations.
Delta plain study areas – 444 x 106 m3 accommodation formed after 1956; this represents just a fraction of the total delta-plain accommodation that formed as a result of historical wetland loss.
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