
Scientific Investigations Report 2009–5252

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

In cooperation with the U.S. Fish and Wildlife Service

Sand Resources, Regional Geology,  
and Coastal Processes of the Chandeleur Islands Coastal 
System: an Evaluation of the Breton National Wildlife Refuge





Sand Resources, Regional Geology,  
and Coastal Processes of the Chandeleur 
Islands Coastal System: an Evaluation of  
the Breton National Wildlife Refuge

Edited by Dawn Lavoie

In cooperation with the U.S. Fish and Wildlife Service

Scientific Investigations Report 2009–5252

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



U.S. Department of the Interior
KEN SALAZAR, Secretary

U.S. Geological Survey
Marcia K. McNutt, Director

U.S. Geological Survey, Reston, Virginia: 2009

This and other USGS information products are available at http://store.usgs.gov/
U.S. Geological Survey
Box 25286, Denver Federal Center
Denver, CO 80225

To learn about the USGS and its information products visit http://www.usgs.gov/
1-888-ASK-USGS

Any use of trade, product, or firm names is for descriptive purposes only and does not imply endorsement by the 
U.S. Government.

Although this report is in the public domain, permission must be secured from the individual copyright owners to 
reproduce any copyrighted materials contained within this report.

Suggested citation:
Lavoie, D., ed., 2009, Sand resources, regional geology, and coastal processes of the Chandeleur Islands coastal 
system—an evaluation of the Breton National Wildlife Refuge: U.S. Geological Survey Scientific Investigations 
Report 2009–5252, 180 p.



iii

Table of Contents

Executive Summary.......................................................................................................................................1

Chapter A.   Hurricane Impact and Recovery Shoreline Change Analysis  
and Historical Island Configuration: 1700s to 2005  ................................................................................7

Abstract  .................................................................................................................................................7
Introduction............................................................................................................................................7

History of the Chandeleurs..........................................................................................................9
Hurricane History..........................................................................................................................9

Methods................................................................................................................................................15
Shoreline Change Analysis.......................................................................................................15
Island Area Calculation.............................................................................................................15
Uncertainty Analysis and Accuracy of Measurements.......................................................17

Results...................................................................................................................................................17
Northern Chandeleur Islands...................................................................................................17

Storm Impact and Poststorm Recovery.........................................................................17
Island Area Through Time................................................................................................20

Southern Chandeleur Islands...................................................................................................20
Storm Impact and Recovery............................................................................................20

1855–1922...................................................................................................................21
1922–51.......................................................................................................................21
1951–69.......................................................................................................................21
1969–78.......................................................................................................................21
1978–89.......................................................................................................................21
1989–96.......................................................................................................................21
1996–2005...................................................................................................................21

Discussion.............................................................................................................................................21
Hurricane Frequency, Trajectory, and Intensity....................................................................21
Historical Shoreline Evolution, Storm Impacts, and Future Scenarios..............................22

Northern Chandeleur Islands..........................................................................................22
Southern Chandeleur Islands..........................................................................................23

Conclusions..........................................................................................................................................23
Acknowledgments...............................................................................................................................23
References............................................................................................................................................23
Appendix A–1.  Shoreline Change Report (See Index Page To Access Data)
Appendix A–2.  Shoreline Change Report—Geomorphology (See Index Page  

To Access Data)
Appendix A–3.  Shoreline Change Report—Hurricanes (See Index Page  

To Access Data)

Chapter B.  Extreme Coastal Changes on the Chandeleur Islands, Louisiana,  
During and After Hurricane Katrina............................................................................................27

Abstract.................................................................................................................................................27



iv

Introduction..........................................................................................................................................27
Airborne Lidar Surveys.......................................................................................................................27
Observations.........................................................................................................................................29
Discussion.............................................................................................................................................32
Conclusions..........................................................................................................................................34
Acknowledgments...............................................................................................................................35
References............................................................................................................................................35
Appendix B–1.  Chandeleur Islands Grids (See Index Page To Access Data)

Chapter C.  Past, Present, and Future Sea Level Rise and Effects on  
Coasts Under Changing Global Climate.....................................................................................37

Abstract.................................................................................................................................................37
Introduction..........................................................................................................................................37

Understanding Climate Change................................................................................................38
Global Sea Level Change....................................................................................................................38

Relative Sea Level Rise..............................................................................................................41
Impacts of Sea Level Rise on the U.S. Coast.........................................................................42
Climate Change and Storms......................................................................................................43
Shoreline Change and Coastal Erosion...................................................................................43

Acknowledgments...............................................................................................................................43
References............................................................................................................................................44

Chapter D.  Historical (1869–2007) Sea Floor Evolution and Sediment  
Dynamics Along the Chandeleur Islands...................................................................................47

Abstract.................................................................................................................................................47
Introduction..........................................................................................................................................47
Methods................................................................................................................................................48

Bathymetric Data........................................................................................................................48
2006–7 Surveys...................................................................................................................48
1920s (1917–22)...................................................................................................................48
1870s (1869–85)...................................................................................................................48

Adjustment of Historical Datasets for Relative Sea Level Rise..........................................50
Surface Gridding and Contouring............................................................................................50
Sea Floor Change and Volume Calculations..........................................................................50
Bathymetric Profiles...................................................................................................................53
Shoreline and Island Area Change..........................................................................................53

Results and Interpretation..................................................................................................................53
Sea Floor Morphology and Evolution......................................................................................53

The Shoreface....................................................................................................................53
Tidal Inlets...........................................................................................................................53
Backbarrier Platform.........................................................................................................57
Spits.....................................................................................................................................57
Barrier Shoals....................................................................................................................57

Sediment Erosion and Accretion Volumes.............................................................................57
Northern Chandeleur Islands (Hewes Point South to Monkey Bayou)....................58
Southern Chandeleur Islands (Monkey Bayou South to Breton Island)..................62



v

Bathymetric Profiles...................................................................................................................63
Sector 1: Hewes Point to Schooner Harbor..................................................................63
Sector 2: Schooner Harbor to Redfish Point.................................................................63
Sector 3: Redfish Point to Monkey Bayou.....................................................................63
Sector 4: Monkey Bayou to the MRGO..........................................................................65
Sector 5: Breton Island.....................................................................................................65

Discussion.............................................................................................................................................68
Sediment Transport....................................................................................................................68
Shoreface Evolution and Transgressive Submergence.......................................................69
Anatomy of a Threshold Crossing............................................................................................69

Conclusions and Implications for Island Management.................................................................71
References............................................................................................................................................72

Chapter E.  Geologic Mapping of Distribution and Volume of Potential  
Resources ........................................................................................................................................75

Abstract.................................................................................................................................................75
Introduction..........................................................................................................................................75
Setting	...................................................................................................................................................78
Methods................................................................................................................................................80

Seismic Data Acquisition..........................................................................................................80
Seismic-Reflection Data Processing and Interpretation.....................................................82
Vibracore Collection and Analysis...........................................................................................84
Fusion of Seismic-Reflection and Vibracore Data ...............................................................84

Results	...................................................................................................................................................86
Shallow Stratigraphy..................................................................................................................87
Barrier Island Lithosome...........................................................................................................87

Potential Sand Resources off the Chandeleur Islands..................................................................91
Modern Sand Deposits..............................................................................................................91
Distributary Channel-Fill Deposits...........................................................................................91

Discussion and Recommendations..................................................................................................94
Acknowledgments...............................................................................................................................94
References............................................................................................................................................95
Appendix E–1.  Geophysical Data from Offshore of the Chandeleur Islands  

(See Index Page To Access Data)

Chapter F.  Sediment Sampling Analysis To Define Quality of Sand  
Resources.........................................................................................................................................99

Abstract.................................................................................................................................................99
Introduction..........................................................................................................................................99
Methods..............................................................................................................................................100

Vibracore Acquisition...............................................................................................................100
Grain-Size Analysis..................................................................................................................101
Data Processing........................................................................................................................101

Results	.................................................................................................................................................102
St. Bernard Deposits................................................................................................................102

Fine-Grained Prodelta, Delta-Front, and Interdistributary Deposits.......................102



vi

Distributary.......................................................................................................................104
Transgressive Deposits............................................................................................................111

Barrier Deposits...............................................................................................................111
Hewes Point Barrier and Northeast Sand Deposits..................................................111
Tidal/Shallow Fluvial Channel Fill..................................................................................111
Backbarrier Deposits and Overwash Sand Sheets...................................................112
Sea Floor Sediments.......................................................................................................116
Potential Borrow Sites....................................................................................................119

Hewes Point Sands................................................................................................120
Distributary Sands..................................................................................................120

Acknowledgments.............................................................................................................................121
References..........................................................................................................................................121
Appendix F–1.  Core Descriptions (See Index Page To Access Data)
Appendix F–2.  Geogrpahic Data (See Index Page To Access Data)
Appendix F–3.  Grain Sizes (See Index Page To Access Data)

Chapter G.  The St. Bernard Shoals: an Outer Continental Shelf Sedimentary  
Deposit Suitable for Sandy Barrier Island Renourishment...................................................125

Abstract...............................................................................................................................................125
Introduction and Background..........................................................................................................125
Methods of Investigation..................................................................................................................125

1987 Datasets............................................................................................................................127
2008 Datasets............................................................................................................................128

Morphology and Sedimentary Framework of the St. Bernard Shoals......................................129
Stratigraphy of the Shoals.......................................................................................................129

Textural Character and Volume of the Shoals..............................................................................133
Volume of Shoals......................................................................................................................134

Current Process Affecting Modern Day Shoal Evolution............................................................134
Shoal Tops..................................................................................................................................134
Shoal Margins...........................................................................................................................134

Suitability as Borrow Material for the Chandeleur Islands........................................................137
Hydrodynamic Impacts............................................................................................................138

Concluding Remarks.........................................................................................................................139
Acknowledgments.............................................................................................................................139
References..........................................................................................................................................139
Appendix G–1.  SBS-08 Seism (See Index Page To Access Data)

Chapter H.  Numerical Simulation of Waves and Sediment Transport  
Along a Transgressive Barrier Island.......................................................................................143

Abstract...............................................................................................................................................143
Introduction and Background..........................................................................................................143
Methods and Materials....................................................................................................................144

Wind and Wave Climate Analysis..........................................................................................144
One-Dimensional Wave Modeling and Longshore Sediment Transport.........................145
Two-Dimensional Wave Modeling and Transport...............................................................146

SWAN Modeling..............................................................................................................146



vii

Tidal and Storm-Induced Circulation.....................................................................................147
Results	.................................................................................................................................................148

Wind and Wave Climate Analysis..........................................................................................148
One-Dimensional Longshore Sediment Transport .............................................................148
Two-Dimensional Wave Modeling.........................................................................................150

SWAN Wave Modeling Setup and Results—Storm Weather Simulations............150
Wave Propagation..................................................................................................152
Bottom Velocity.......................................................................................................154
Dissipation Terms....................................................................................................154

Implications for Sediment Transport.....................................................................................154
Bottom Velocity................................................................................................................154
Winter Storms and Cold Fronts.....................................................................................158
Tide-Induced Currents....................................................................................................158
Storm-Induced Circulation and Transport...................................................................158

Discussion and Conclusions............................................................................................................165
References..........................................................................................................................................165
Appendix H–1.  Wind and Wave Climate Analysis, Wave Recasting, and  

Simulation of Longshore Sediment Transport (See Index Page  
To Access Data)

Chapter I.  Summary and Discussion...................................................................................................169
Abstract...............................................................................................................................................169
Rationale.............................................................................................................................................170
Summary.............................................................................................................................................170

Sediment Transport..................................................................................................................172
Sand Resources........................................................................................................................173

Conclusions and Implications for Island Management...............................................................174





Lavoie—
Sand Resources, Regional G

eology, and Coastal Processes of the Chandeleur Islands Coastal System
—

Scientific Investigations Report 2009–5252


