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R e s u l t s  i n d i c a t e  t h a t  t o t a l  s u b a e r i a l  l a n d  i n  Atchafa laya  Bay w i l l  r ange  
from 150 km2 t o  337 km2 w i t h  208 km2 r e p r e s e n t i n g  t h e  expected l a n d  i n  50 
y e a r s  under average  f l o o d  regimes. S u b a e r i a l  l a n d  w i l l  emerge on t h e  open 
s h e l f  b e f o r e  t h e  bay reaches  a  s e d i m e n t - f i l l e d  s t a t e .  P e r s i s t e n t  s c o u r  
channe ls ,  slow s e d i m e n t a t i o n  i n  d i s t a l  a r e a s ,  reworking of sediments  d u r i n g  
passage  of c o l d  f r o n t s ,  subs idence ,  and s e l e c t i v e  n a t u r a l  s e a l i n g  of t h e  
sediment  d e l i v e r y  network w i l l  ensure  t h a t  l a r g e  a r e a s  of t l te bay w i l l  a lways 
remain open. The s u b a e r i a l  d e l t a s  w i l l  c o n t i n u e  t o  grow a s  l o b a t e  a d d i t i o n s  
of l a n d  caused by t h e  p r o c e s s e s  of channe l  e x t e n s i o n ,  channe l  b i f u r c a t i o n ,  and 
l o b e  f u s i o n .  Within 50 y e a r s  t h e  hundreds of s m a l l  l o b e s  w i l l  have f u s e d  i n t o  
perhaps 10 major  l o b e s  s e p a r a t e d  by s m a l l  dying channe ls .  

Approximately 1 4  x l o6  m3 of sediment  p e r  y e a r  is  r e t a i n e d  i n  A t c h a f a l a y a  
Bay. S u b a e r i a l  l a n d  t h a t  is l o s t  d u r i n g  y e a r s  of low r i v e r  d i s c h a r g e  r e s i d e s  
i n  t h e  sha l low subaqueous environment and p r o v i d e s  a  p l a t f o r m  f o r  f u t u r e  
s u b a e r i a l  growth. A s  t h e  d e l t a s  prograde on to  t h e  s h e l f ,  waves and wind- 
d r i v e n  c u r r e n t s  w i l l  become more impor tan t  i n  s h a p i n g  t h e  d e l t a  lobes .  S t r o n g  
s o u t h e a s t e r l y  c u r r e n t s  f o l l o w i n g  t h e  passage  of c o l d  f r o n t s  w i l l  t end  t o  skew 
t h e  sandy components t o  t h e  s o u t h e a s t ,  t h u s  f r a c t i o n a t i n g  them from t h e  s i l ts  
and c l a y s  t h a t  w i l l  b e  c a r r i e d  wes t  i n  t h e  predominant c o a s t a l  d r i f t  system. 
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PREFACE 

This  r e p o r t  p r e s e n t s  r e s u l t s  of a g e n e r i c  a n a l y s i s  of t h e  two new d e l t a s  

i n  A t c h a f a l a y a  Bay, Louis iana .  The s t u d y  was s u p p o r t e d  a s  a r e i m b u r s a b l e  

p r o j e c t  w i t h i n  t h e  E s t u a r i e s  D i v i s i o n ,  H y d r a u l i c s  Labora to ry ,  U. S. Army 

Engineer  Waterways Experiment S t a t i o n  (WES), Vicksburg,  M i s s i s s i p p i ,  f o r  t h e  

U. S. Army Engineer  D i s t r i c t ,  New Or leans  (LMN), Louis iana .  Work was per-  

formed under  C o n t r a c t  No. DACW39-80-C-0082 between WES and L o u i s i a n a  S t a t e  

U n i v e r s i t y ,  Baton Rouge. 

The s t u d y  was conducted under  t h e  d i r e c t i o n  of t h e  f o l l o w i n g  WES 

personne l :  Messrs.  H. B. Simmons, Chief o f  t h e  Hydrau l ics  Labora to ry ;  

F. A. Herrmann, Jr., A s s i s t a n t  Chief of t h e  Hydrau l ics  Labora to ry ;  R e  A. 

Sager ,  Chief  of t h e  E s t u a r i e s  D i v i s i o n ;  W. H. McAnally, Jr.,  P r o j e c t  Manager; 

and J.  V.  L e t t e r ,  Jr.,  C o n t r a c t i n g  O f f i c e r ' s  R e p r e s e n t a t i v e .  

We g r a t e f u l l y  acknowledge t h e  c o n t r i b u t i o n s  of t h e  f o l l o w i n g  i n d i v i d u a l s  
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ATCHAFALAYA BA Y 

EE3 Shell reef 
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Figu re  1. Index map of south  Louis iana showing t h e  l o c a t i o n  of  t h e  
Old River  d ive r s ion  po in t ,  t h e  Atchafalaya Basin and Bay, and t h e  modern 
M i s s i s s i p p i  River  De l t a .  Enlargement of Atchafalaya Bay shows t h e  two 
new d e l t a s  and loca t ions  of t i d e  gages used i n  t h e  LANDSAT a n a l y s i s  
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THE ATCHAFALAYA RIVER DELTA 

GENERIC ANALYSIS OF DELTA DEVELOPMENT 

PART I: INTRODUCTION 

Background 

1. In Atchafalaya Bay of south-central Louisiana, a distributary 

of the modern Mississippi River is creating two new freshwater deltas 

of significant proportions (Figure 1). The most recent and dramatic 

phase of delta growth began in 1973, when the Lower Atchafalaya River 

Delta emerged subaerially and became partially vegetated. The rapid 

and, at times, unexpected progradation of this new delta brought with 

it both controversy and uncertainty as to the future of Atchafalaya 

Bay. By 1976 a second, smaller delta, the Wax Lake Delta, had become well 

established subaerially, following a growth pattern similar to that 

of the Lower Atchafalaya River Delta. The primary benefits from these 

two deltas have been the addition of new land to the coast of Louisiana 

in areas traditionally subjected to coastal retreat, natural creation 

of new marshes for marine habitation and for recreational purposes, 

and the initial stabilization of downdrift shorelines to the west. 

The most serious liabilities have been unwanted siltation in navigation 

channels and backwater flooding in the surrounding low-lying coastal 

parishes of South Louisiana. 

2. The complexity of problems and processes associated with the 

new Atchafalaya River deltas, together with our lack of knowledge of 

incipient stages of delta growth, have given impetus for numerous Federal 

agencies to become involved in the study of physical and biological 

processes in Atchafalaya Bay and vicinity. As part of a multidisciplin- 

ary study undertaken by one of these agencies, the U. S. Army Engineer 

Waterways Experiment Station (WES), a "generic analysis" of delta growth 

was conducted in order to answer several key questions concerning develop- 

ment of the Atchafalaya River deltas. 

3. From engineering as well as scientific standpoints, perhaps 

the most important of these questions is concerned with future evolu- 

tionary trends in Atchafalaya Bay. At what rate and by what means will 

5 



t h e  d e l t a s  i n  Atchafqlaya Bay cont inue  t o  grow? The gener ic  a n a l y s i s  

was designed t o  a i d  i n  answering t h i s  important ques t i on  by focus ing  

on four  s p e c i f i c  o b j e c t i v e s :  

a .  P r o j e c t  t he  r a t e  of  growth from the  p re sen t  t o  a  f u t u r e  - 
of 50 years  on the  b a s i s  of  growth r a t e s  of s i m i l a r  d e l t a s .  

b. Construct  a  family of curves  t h a t  would al low de te rmina t ion ,  - 
from land a r ea ,  volume, o r  contour advancement, approxi- 
mately where the  Atchafalaya River d e l t a s  a r e  i n  t h e i r  
n a t u r a l  evolu t ion .  

c .  Determine d e t a i l s  of t h e  growth process ,  such a s  r a t e  - 
of b i f u r c a t i o n  and the  ex t en t  t o  which an i n t r i c a t e  p a t t e r n  
of small  d i s t r i b u t a r i e s  w i l l  develop. 

d .  Produce a  map showing t h e  con f igu ra t i on  and e x t e n t  of - 
s u b a e r i a l  d e l t a i c  sediments p ro j ec t ed  t o  t he  year  2030. 

4 .  The approach taken i n  t h e  gene r i c  a n a l y s i s  has  been t o  examine 

growth, and i n  many cases  d e t e r i o r a t i o n ,  of d e l t a s  and subde l t a s  through- 

ou t  t h e  world t h a t  appear t o  be s i m i l a r  t o  t h e  d e l t a s  i n  Atchafalaya 

Bay. Ten d e l t a s  i n  t h r e e  geographic "ca tegor ies"  were s e l ec t ed  f o r  

a n a l y s i s :  Mis s i s s ipp i  River subde l t a s  ( B a p t i s t e  C o l l e t t e ,  Cubi ts  Gap, 

West Bay, and Garden I s l a n d  Bay); Eas t  Texas d e l t a s  ( T r i n i t y ,  Colorado, 

and Guadalupe); and d e l t a s  ou t s ide  t he  U.S. ( t h e  Danube i n  Romania, 

La i t au re  i n  Sweden, and Catatumbo i n  ~ e n e z u e l a ) .  By quan t i fy ing  t h e  

growth process  i n  each of these  c a r e f u l l y  s e l ec t ed  d e l t a s ,  i t  was a n t i c i -  

pated t h a t  much of t he  specu la t i on  concerning f u t u r e  t rends  could be 

removed. 

5 .  The da t a  base cons i s t ed  p r imar i l y  of maps, c h a r t s ,  and LANDSAT 

imagery, but  a l s o  included survey s h e e t s ,  a e r i a l  photographs,  dredging 

r eco rds ,  and publ ished and unpublished accounts  of d e l t a  growth. Each 

map, c h a r t ,  and image was t r aced ,  s ca l ed ,  and d i g i t i z e d ,  then archived 

f o r  f u t u r e  r e f e r ence .  Using these  d a t a ,  t h i s  r e p o r t  documents i n  t he  

fol lowing paragraphs t h e ( a )  e a r l y  h i s t o r y  of  Atchafalaya River and i t s  

d e l t a s ,  (b) evolu t ionary  t rends  of  10 s i m i l a r  d e l t a s  and subde l t a s  from 

o the r  reg ions ,  ( c )  d e t a i l e d  t rends  i n  Atchafalaya d e l t a  growth s i n c e  

s u b a e r i a l  emergence i n  1973, (d)  p r o j e c t e d '  growth r a t e s  and p a t t e r n s  

i n  Atchafalaya Bay and o f f sho re  t o  a  f u t u r e  of 50 yea r s ,  and ( e )  r a t i o n a l e  

used i n  p r o j e c t i n g  the  l o c a t i o n  of s u b a e r i a l  land and i t s  f u t u r e  configu- 

r a t i o n .  



S t a t e  of Knowledge: Atchafalaya River Basin and Bay 

6.  Evolut ion of the  modern Atchafalaya River i s  an example of 

t he  pe r iod i c  d ive r s ion  and p o t e n t i a l  cap ture  of main s t ream flow by 

a  d i s t r i b u t a r y .  The process  o f  channel switching o r  d ive r s ion  i n  the  

M i s s i s s i p p i  River i s  a  n a t u r a l  one t h a t  over t he  p a s t  6000-8000 yea r s  

has  r e s u l t e d  i n  t he  depos i t i on  of  seven major d e l t a  complexes (F igure  

2 ;  Kolb and Van Lopik 1958) t h a t  a r e  sometimes f u r t h e r  d iv ided  i n t o  

16 s e p a r a t e  d e l t a  lobes ( F r a z i e r  1967).  Each major d e l t a  complex of 

t h e  Mis s i s s ipp i  River system remained a s  an a c t i v e  d e p o s i t i o n a l  s i t e  

f o r  approximately 1000 yea r s .  When prograda t ion  reached the  p o i n t  a t  

which any g rad i en t  advantage was l o s t  o r  when the  r i v e r  could no longer  

e f f i c i e n t l y  handle  the  water and sediment d i scharge ,  t he  d e l t a  commenced 

i t s  abandonment s t age  and a  new rou te  t o  the sea was e s t a b l i s h e d  by 

t h e  r i v e r .  The modern b i rd- foot  d e l t a ,  r e f e r r e d  t o  a s  t h e  B a l i z e  Del ta ,  

commenced development approximately 800 years  ago; a l r eady  it has  a t -  

tempted t o  r e l o c a t e  i t s  s i t e  of depos i t i on  v i a  a  change i n  course  t o  

t h e  Atchafalaya River ,  a  r o u t e  t o  t h e  sea t h a t  i s  some 307 km s h o r t e r  

(Roberts ,  Adam, and Cunningham 1980) . 
7. Three of the  previous seven d e l t a  complexes, t h e  S a l e  Cypremort, 

Teche, and Lafourche, covered t h e  Atchafalaya Bay and v i c i n i t y  with 

perhaps 25 m of  a l l u v i a l - d e l t a i c  sediments,  which form the  base f o r  

present-day Atchafalaya River sedimentat ion (Kolb and Van Lopik 1958). 

These Holocene sediments of  the  Atchafalaya Bay a r e  unde r l a in  by the  

P l e i s t o c e n e  P r a i r i e  Formation, a  young r e g r e s s i v e  Pleis tocene-age sed i -  

mentary u n i t  t h a t  c o n s i s t s  of  normally consol ida ted ,  ox id ized ,  c lay-  

s i z e d  sediments deposi ted when sea l e v e l  was below i t s  p re sen t  e l eva t ion .  

The P l e i s tocene  P r a i r i e  Formation i n  Atchafalaya Bay has  been downwarped 

approximately 30 m i n  Quaternary time a s  a  r e s u l t  of r eg iona l  subsidence 

a s s o c i a t e d  wi th  t h e  Gulf Coast Geosyncline (F i sk  and McFarlan 1955). 

With t he  eastward s h i f t  i n  sedimentat ion t o  t h e  Ba l i ze  Del ta  800 years  

ago, t h e  south-cent ra l  Louis iana coas t  received i t s  l a s t  input  of Missis-  

s ipp i  River  Del ta  sediments u n t i l  t he  e a r l y  1900 ' s .  

8 .  During 400 of the  l a s t  800 y e a r s ,  a  well-defined sequence 

of events  s e t  t he  s t a g e  f o r  f u t u r e  d e l t a i c  sedimentat ion i n  Atchafalaya 





Bay. According t o  F i s k  (19521, t h e  A t c h a f a l a y a  River  was a  d e f i n i t e  

d i s t r i b u t a r y  o f  t h e  M i s s i s s i p p i  R iver  by 1542, f lowing through a  b road  

i n t e r d i s t r i b u t a r y  b a s i n  between t h e  o l d e r  Teche course  t o  t h e  west  and 

t h e  modern Lafourche course  of t h e  M i s s i s s i p p i  River  t o  t h e  e a s t  ( F i g u r e  

3 ) .  Log jams were f i r s t  c l e a r e d  i n  1839, and dur ing  t h e  mid- t o  l a t e  

1800's l i m i t e d  flow from t h e  M i s s i s s i p p i  R iver  was main ta ined  by c o n t i n u a l  

d redg ing .  By 1 9 4 0 , s u f f i c i e n t  flow had been d i v e r t e d  from t h e  M i s s i s s i p p i  

River  t o  a l l o w  a  n a t u r a l  channel  t o  become e s t a b l i s h e d .  Aided by dredg- 

i n g ,  t h e  volume of  f low t o  t h e  A t c h a f a l a y a  River  from t h e  M i s s i s s i p p i  

River  i n c r e a s e d  s t e a d i l y  from 13 p e r c e n t  i n  1900 t o  n e a r l y  30 p e r c e n t  

i n  1952 (Morgan, Van Lopik,  and Nichols  1953) .  

9 .  U n t i l  1952, d e l t a i c  s e d i m e n t a t i o n  d u r i n g  t h e  l a s t  f o u r  cen- 

t u r i e s  had been conf ined  a lmost  e x c l u s i v e l y  t o  t h e  l a k e s  and swamps 

o f  t h e  A t c h a f a l a y a  Basin .  C r a t s l e y  (1975) r e p o r t e d  t h a t  i n s i g n i f i c a n t  

s e d i m e n t a t i o n ,  a s  i n d i c a t e d  by bathyrnetr ic  d a t a ,  occur red  i n  A t c h a f a l a y a  

Bay between 1858 and 1952. Sediments t h a t  escaped t h e  catchment b a s i n s  

t o  t h e  n o r t h  bypassed Atchafa laya  Bay and were d e p o s i t e d  on t h e  i n n e r  

s h e l f .  Shlemon (1975) s t a t e s  t h a t  approx imate ly  2  m o f  c l a y  was d e p o s i t -  

ed seaward o f  t h e  P o i n t  au Fer  s h e l l  r e e f  between 1889 and 1935 and 

a n o t h e r  met re  by 1951. Two e x p l a n a t i o n s  have been o f f e r e d  f o r  t h i s  

a p p a r e n t  bypass ing  of t h e  bay. Iforgan, Van Lopik,  and Nicho ls  (1953) 

i n d i c a t e d  t h a t  suspended c l a y s  t r a n s p o r t e d  down t h e  A t c h a f a l a y a  R i v e r  

f l o c c u l a t e d  upon r e a c h i n g  t h e  s a l i n e  w a t e r s  seaward of A t c h a f a l a y a  Bay, 

thus  forming a  b l a n k e t  of p r o d e l t a  c l a y s  on t h e  s h e l f  a l o n e .  I n  a d d i t i o n  

t o  f l o c c u l a t i o n ,  Thompson (1955) used t h e  concept  of " e q u i l i b r i u m  dep th , "  

a  d e p t h  main ta ined  by nonhur r icane  wave a c t i o n ,  a s  a means of e x p l a i n i n g  

t h e  l a c k  of permanent s e d i m e n t a t i o n  i n  t h e  bay. 

10.  The t r a p p i n g  of d e l t a i c  sed iments ,  ~ r i m a r i l y  i n  Grand and 

Six-Mile Lakes ( F i g u r e  l ) ,  r e s u l t e d  i n  e x t e n s i v e  l a c u s t r i n e  d e l t a - f i l l  

d e p o s i t s  over  a  50-year p e r i o d .  Between 1917 and 1960,Grand and Six-  

Mile  Lakes se rved  a s  an  a c t i v e  t r a p  f o r  c o a r s e r  sediments  d e s t i n e d  f o r  

A t c h a f a l a y a  Bay. By 1975, o n l y  s m a l l  remnants of t h e s e  l a k e s  remained a s  

open w a t e r  (Rober t s ,  Adams, and Cunningham 1980).  The f i n a l  approach t o  

a  s e d i m e n t - f i l l e d  s t a t e  by t h e  mid-1900's a l lowed p r o d e l t a  c l a y s  t o  b e g i n  



CHAFALAYA RIVER BASIN 

A.D. 1400 

Figure  3 .  The Atchafalaya River  Basin i n  1400 A.D.  showing 
l o c a t i o n s  of  Bayous Teche, Maringouin, and Lafourche (from 
F i sk  1952) 



accumulat ing i n  A t c h a f a l a y a  Bay. The decade 1952-1962 marks t h e  beg inn ing  

of a subaqueous d e l t a  a t  t h e  mouth of t h e  Lower A t c h a f a l a y a  River  O u t l e t .  

11. By 1962, 0 .3  m of f ine-grained sediment covered 120 km2 of 

t h e  Bay (Shlemon 1975).  Although sedimentat ion a t  t he  Wax Lake O u t l e t ,  

a r t i f i c i a l l y  opened i n  1942, was small  compared w i t h  t h a t  a t  t h e  Lower 

Atchafalaya River  O u t l e t ,  the  Wax Lake Ou t l e t  c a r r i e d  a f u l l  30 percent  

of  Atchafalaya River  flow. Growing concern over p o s s i b l e  abandonment 

of t he  Mis s i s s ipp i  River i n  favor  of t h e  Atchafalaya River ,  p r ed i c t ed  

t o  occur by 1975 (F i sk  19521, l ed  t o  t he  completion of a c o n t r o l  s t r u c -  

t u r e  i n  1963 a t  t he  Old River-Mississ ippi  River junc ture .  Diversion 

of  Mis s i s s ipp i  River flow down t h e  Atchafalaya River was l i m i t e d  t o  

approximately 30 percent  of t h e  combined flow from the  Mis s i s s ipp i  and 

Red Rivers  (F igure  1 ) .  

12. A per iod  of  de l t a - f ron t  o r  d i s t a l - b a r  sedimentat ion (subaqueous 

d e l t a  depos i t s )  occurred between 1962 and 1972, marked by the f i r s t  

i n t roduc t ion  of s i l t s  and f i n e  sands t o  t he  bay. An isopach map from 
2 

Shlemon (1975) showed 285 km of the  bay covered by c l a y ,  s i l t ,  and 

f ine-grained sand, a s  wel l  a s  t h e  f i r s t  appearance of d i s t r i b u t a r y  chan- 

n e l s .  The t h i c k e s t  accumulations of sediment were west of t h e  Lower 

Atchafalaya River  and Wax Lake O u t l e t s ,  r e f l e c t i n g  p a r t l y  the  p o s i t i o n  

of submarine s p o i l  banks. Also during the  per iod  of d i s t a l - b a r  sedimen- 

t a t i o n  p r i o r  t o  1972, the  f i r s t  s e r i e s  of scour  channels  formed j u s t  

i n s i d e  t h e  Poin t  au Fer  s h e l l  r e e f .  

13. By 1972, 1 .8  m of f i l l  had been depos i ted  i n  t he  d e l t a  lobes 

of t he  Lower Atchafalaya River and Wax Lake O u t l e t s ,  and the  submarine 

d e l t a  f r o n t  had advanced t o  t he  Po in t  au Fer  s h e l l  r e e f  (van Heerden 

1980).  The sp r ing  f lood  of 1973, one of t he  l a r g e s t  on record ,  produced 

t h e  f i r s t  n a t u r a l  s u b a e r i a l  e x p ~ e s s i o n  on both  t h e  e a s t  and the  west 

s i d e s  of t h e  Lower Atchafalaya River naviga t ion  channel .  Rapid growth 

over  t h e  n e x t  3 y e a r s ,  when r e f e r e n c e d  t o  mean low w a t e r ,  r e s u l t e d  
2 i n  32.5 km of new l a n d  i n  the  Lower Atchafa laya  River  D e l t a  (Rouse, R o b e r t s ,  

2 
and Cunningham 1978) and 3.8 km of  new l a n d  i n  t h e  Wax Lake Delta 

(van Heerden 1980) .  

14. A s e r i e s  of co re s  through the  Lower Atchafalaya River Del ta  



(van Heerden, Wel ls ,  and Rober t s  1981) r e v e a l s  t h a t  b a s a l  p r o d e l t a  c l a y s  

have b road  l a t e r a l  c o n t i n u i t y  and l i t t l e  t e x t u r a l  v a r i a t i o n .  Shlemon (1972) 

i n d i c a t e s  t h a t  on average  t h e y  a r e  0.6-0.9 m t h i c k .  Over ly ing  t h e  p r o d e l t a  

f a c i e s  i s  t h e  coarsening-upward sequence o f  d i s t a l - b a r  sediments  d e p o s i t e d  

from 1962 t o  1972. Close  t o  t h e  d i s t r i b u t a r y  mouths, t h e  d i s t a l - b a r  

sediments  become t r a n s i t i o n a l  t o  a  s h a l l o w e r ,  sand-r ich d i s t r i b u t a r y -  

mouth-bar f a c i e s ,  d e p o s i t e d  r a p i d l y  a s  f low becomes unconf ined a t  t h e  

seaward end of each d i s t r i b u t a r y .  As a  g e n e r a l i z a t i o n ,  p r o g r a d a t i o n  

o f  t h e  d e l t a s  i n  A t c h a f a l a y a  Bay l e a d s  t o  d e p o s i t i o n  o f  c o a r s e r  sediment 

over  a  b a s e  of f i n e r  sediment ,  wi th  s t r o n g  modulat ion from r i v e r  d i s -  

charge ,  t i d a l  c u r r e n t s ,  wave a c t i o n ,  and wind-driven c u r r e n t s .  

15.  A d e t a i l e d  examinat ion o f  hydro log ic  regime and sediment 

f l u x  i n  t h e  A t c h a f a l a y a  Bas in  and Bay r e v e a l e d  two impor tan t  c h a r a c t e r -  

i s t i c s  (Rober t s ,  Adams, and Cunningham 1980):  ( a )  a change i n  dominance of 

sediment  e n t e r i n g  t h e  bay d u r i n g  t h e  l a s t  20 y e a r s  from s i l t  and c l a y  t o  

s i l t  and f i n e  sand ,  and (b)  abnormally h i g h  d i s c h a r g e  d u r i n g  t h e  y e a r s  of 

i n i t i a l  s u b a e r i a l  growth,  1973-1975. The i n c r e a s e  i n  sand t h a t  reached 

t h e  bay can be a t t r i b u t e d  t o  scour  o f  p r e v i o u s l y  d e p o s i t e d  channe l ,  

l e v e e ,  and l a k e - f i l l  sed iments ,  a s  w e l l  a s  an i n c r e a s e  i n  n e t  passage 

o f  sand through t h e  b a s i n .  An i n c r e a s e  i n  average annual  sediment load  

from 42.6 m i l l i o n  m e t r i c  t o n s  (1965-1971) t o  88.9  m i l l i o n  m e t r i c  tons  

(1973-1975) l i k e w i s e  r e f l e c t s  t h e  e f f e c t s  o f  b o t h  scour  w i t h i n  t h e  b a s i n  

and a  l a r g e r  i n p u t  above t h e  d i v e r s i o n  p o i n t  n e a r  Simmesport, Lou is iana ,  

d u r i n g  major f l o o d s .  Average annual  water  d i s c h a r g e  a t  Sirnmesport i s  
3 

5,126 m / s e c  (USAED, New O r l e a n s ,  1974) ,  and average  a n n u a l  peak flow i s  
3 

12,121 m / s e c  ( F i g u r e  4 ) .  

16.  The s u b a e r i a l  p a r t  o f  t h e  Lower Atchafa laya  R i v e r  D e l t a  today 

i s  h i g h l y  v e g e t a t e d  d u r i n g  8  months o f  t h e  y e a r  and d i s p l a y s  d i s t i n c t  

morphologic l o b e s  t h a t  a r e  surrounded by a  network of smal l  b i f u r c a t i n g  

channe l s  ( F i g u r e  5 ) .  E l e v a t i o n  o f  t h e  sand-r ich s u b a e r i a l  d e l t a  ranges  

from n e a r  mean s e a  l e v e l  on newly emergent l o b e s  t o  2 .8  m on l a r g e  s p o i l  

banks;  channel  d e p t h s ,  e x c l u s i v e  of n a v i g a t i o n  channe l ,  range from 1 

t o  3  m. 
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F igu re  4. Average monthly d i scharge  of Atchafalaya River  a t  Simmesport. 
3 Dashed l i n e  r e p r e s e n t s  average peak flow of 12,121 m / s e c  (modified 

from Roberts ,  Adams, and Cunningham 1980) 

17.  The f i r s t  s t e p  i n  t he  gener ic  a n a l y s i s  was t o  de f ine  a  da t a  

base  by s e l e c t i n g  d e l t a s  from around the  world t h a t  c l o s e l y  resembled 

t h e  Lower Atchafalaya River Del ta  both i n  form and i n  s e t t i n g .  As  a  

g e n e r a l i z a t i o n ,  the  requirements  were low wave and t i d e  energy, shallow 

r ece iv ing  bas in ,  and high suspended-sediment load.  F i n a l  s e l e c t i o n  

was made us ing  the  e i g h t  "process va r i ab l e s "  given by Coleman and Wright 

(1975) : c l imate ,  r i v e r  d i scharge ,  sediment type,  wave power, t i d e  range, 

a longshore c u r r e n t s ,  she l f  s lope ,  and t e c t o n i c s .  S ince  t he se  e i g h t  

v a r i a b l e s  c o n t r o l  t he  morphologic development of a  d e l t a ,  one can reason- 

a b l y  expect t h a t  s i m i l a r  f l u v i a l  and marine processes  should produce 

s i m i l a r  growth h i s t o r i e s .  No at tempt  has  been made t o  rank these  process  

v a r i a b l e s  according t o  importance. 

18. Ten d e l t a s  from t h r e e  geographic c a t e g o r i e s  and f i v e  environ- 

mental s e t t i n g s  were s e l e c t e d  f o r  a n a l y s i s :  four  subde l t a s  of  the  modern 

M i s s i s s i p p i  Del ta  i n  a  humid s u b t r o p i c a l  s e t t i n g  ( B a p t i s t e  C o l l e t t e ,  

Cubi ts  Gap, West Bay, and Garden I s l and  Bay); t h r e e  Eas t  Texas d e l t a s  



Figure  5. Parabol ic  d e l t a  lobes i n  Lower Atchafalaya River De l t a  a s  
seen from the  a i r  (A) and emergent vege ta t ion  a s  seen from the  ground 
on a  sandy d e l t a  lobe ( B )  



i n  a  humid t o  dry sub t rop i ca l  s e t t i n g  ( T r i n i t y ,  Colorado, and Guadalupe); 

and t h r e e  d e l t a s  ou t s ide  t h e  U.S. i n  a  g l a c i a l  l a c u s t r i n e  (Lake L a i t a u r e ) ,  

t r o p i c a l  l a c u s t r i n e  (Lake Maracaibo), and temperate marine (Danube) 

s e t t i n g .  Table 1 provides ,  where pos s ib l e ,  a  q u a n t i f i c a t i o n  of t h e  

e i g h t  process  v a r i a b l e s  f o r  each d e l t a  o r  subde l ta .  Table  2 g ives  f o r  

each process  v a r i a b l e  a  r a t i n g  of s i m i l a r i t y  t o  t h e  Lower Atchafalaya 

River  De l t a .  

19. The t a sk  of determining s i m i l a r i t y  t o  t h e  Atchafalaya River 

d e l t a s  i s  d i f f i c u l t  and must be approached somewhat s u b j e c t i v e l y  f o r  

two reasons .  F i r s t ,  some of  t h e  process  v a r i a b l e s ,  such a s  t e c t o n i c s ,  

have no t  been accu ra t e ly  q u a n t i f i e d .  Whereas t i d e  range and s h e l f  s lope  

can be  r e a d i l y  measured, t e c t o n i c  s t a b i l i t y ,  inc lud ing  the  e f f e c t s  of 

l o c a l  subsidence and reg iona l  sea- level  r i s e ,  a r e  h igh ly  v a r i a b l e  and 

poor ly  understood. Second, a  s t r i c t  q u a n t i t a t i v e  comparison of some 

v a r i a b l e s ,  such a s  r i v e r  d i scharge ,  can be misleading.  Whereas a  r i v e r  

may have an average sediment d i scharge  equal  t o  t h a t  of t he  Atchafalaya 

River ,  t h a t  same r i v e r  may c a r r y  90 percent  of i t s  sediment during one 

c a t a s t r o p h i c  2-week per iod each yea r .  Moreover, many dams have been 

cons t ruc ted  during the  l i f e  of t he  d e l t a s  under cons ide ra t i on ,  thus  

changing the  sediment d i scharge  s u b s t a n t i a l l y  during growth. 

20. The eva lua t ions  of p rocess -var iab le  s i m i l a r i t y  given i n  Table 

2 ,  i f  averaged f o r  each d e l t a  o r  subde l ta ,  i n d i c a t e  t h a t  t he  B a p t i s t e  

C o l l e t t e ,  Colorado, and Guadalupe Del tas  a r e  most s i m i l a r  t o  t h e  Lower 

Atchafalaya River Del ta .  However, s i m i l a r i t y  a lone  does no t  ensure 

t he  u se fu lnes s  of a  p a r t i c u l a r  d e l t a ,  s i n c e  one of t he  ma jo r ' cons t r a in t s  

i n  t h e  gener ic  a n a l y s i s  was t h e  lack of h i s t o r i c  da t a .  Thus t he  second 

s t e p  i n  t he  gener ic  a n a l y s i s  was t o  i d e n t i f y ,  l o c a t e ,  and acqui re  h i s t o r i c  

information on the  d e l t a s  and subde l t a s  s e l e c t e d  f o r  a n a l y s i s .  

21. A search was i n i t i a t e d  t o  c o l l e c t  maps, c h a r t s ,  and publ ished 

l i t e r a t u r e  on each d e l t a ,  then expanded t o  inc lude  a e r i a l  photographs,  

LANDSAT images, survey s h e e t s ,  dredging r e p o r t s ,  and unpublished da t a .  

By f a r  t he  l a r g e s t  number of h i s t o r i c a l  maps and c h a r t s  was found f o r  

t h e  Mis s i s s ipp i  subde l t a s ;  t he se  were a l s o  considered t o  be t h e  most 

accu ra t e .  The map l i b r a r y  a t  t he  Louis iana S t a t e  Univers i ty  Department 



of Geosciences was a b l e  t o  provide most of t h e  maps and c h a r t s  f o r  t h e  

Mis s i s s ipp i  subde l t a s  and some of those r equ i r ed  f o r  t he  Eas t  Texas 

d e l t a s .  Other sources  of  d a t a  were t he  Mis s i s s ipp i  River Commission, 

Vicksburg, Mis s i s s ipp i ;  U.S. Army Engineer D i s t r i c t ,  New Orleans,  

Nat ional  Cartographic  Information Centers ,  NSTL, Mis s i s s ipp i ,  and Reston, 

V i rg in i a ;  and Nat ional  Ocean Survey, Rockvi l le ,  Maryland. Maps f o r  

t he  La i t au re  and Danube Del tas  were obtained a s  supplements t o  publ i shed  

and unpublished r e p o r t s ;  maps f o r  t h e  Catatumbo Del ta  i n  Lake Maracaibo 

were acquired on loan from the  Univers i ty  of Tulsa  ( cou r t e sy  of D r .  

Norman Hyne). 

22.  The i n i t i a l  search  revealed s u r p r i s i n g l y  few surveys of  t h e  

d e l t a s ,  ye t  produced hundreds of maps and c h a r t s  t h a t  va r i ed  tremendously 

i n  q u a l i t y .  For example, t h e  300 or  so maps and c h a r t s  t h a t  e x i s t  f o r  

the  Mis s i s s ipp i  Del ta  were based on fewer than 20 d i f f e r e n t  surveys.  

Between the  1830's and e a r l y  1900k the  U.S. Coast and Geodetic Survey 

compiled d e t a i l e d  and comprehensive surveys t h a t  were subsequent ly  used 

by many o t h e r  map-making agenc ies .  Fu r the r ,  t h e  d a t e s  on many e a r l y  

c h a r t s  do not i n d i c a t e  da t e s  of survey, but  simply da t e s  o f  p r i n t i n g .  

An e a r l y  sc reen ing  process  was used t o  remove maps t h a t  were suspec t  

and those  t h a t  were dup l i ca t ed  from a s i n g l e  survey. I n  t o t a l ,  approxi- 

mately 400 maps and c h a r t s  were examined, 150 were copied o r  purchased, 

and 40 were used i n  cons t ruc t ing  the  growth curves (Appendix A ) .  An 

ex tens ive  l i s t i n g  of  maps and c h a r t s  f o r  t h e  coas t  of Louis iana can 

be found i n  Morgan and Wright (1955) and Morgan (1977).  

23. The t h i r d  s t e p  i n  t he  gener ic  a n a l y s i s  was t o  d i g i t i z e  sub- 

a e r i a l  land i n  order  t o  determine t o t a l  a r ea  f o r  a given survey. The 

process  of  ' d i g i t i z i n g  involved fol lowing t h e  land-water boundaries u s ing  

a cursor  a t t ached  t o  a mechanical arm on a d i g i t i z i n g  t a b l e .  P r i o r  

t o  d i g i t i z i n g ,  i t  was necessary  t o  s e l e c t  boundaries  f o r  t he  d e l t a s  

o r  subde l t a s  t h a t  included a l l  a r ea s  subjec ted  t o  sedimentat ion.  Although 

the  process  of d i g i t i z i n g  d id  not  r e q u i r e  each map t o  be a t  the same 

s c a l e ,  i t  was necesary t o  cons t ruc t  the  boundaries  on each d e l t a  i n  

p r e c i s e l y  t he  same fash ion .  

24. Each map t o  be  d i g i t i z e d  was f a s t ened  t o  a p l a t e n ,  sca led  



by measuring on the map several known ground distances, and traced with 

the cursor of a Nova 1220 digitizer. Linear variations of 0.025 mm 

(-0.001 i n . )  cou ld  be  r e s o l v e d ,  cor responding  t o  a  ground d i s t a n c e  of 

1 .25 n when u s i n g  a 1:50,000-scale map. Th is  r e s o l u t i o n  i s  c o n s i d e r a b l y  

less than the error introduced artificially by unsteady hand movements 

and is more precise than the significance of the data w a r r a n t s .  As 

subaerial land is traced, the digitizer computes area from numerical 

coordinates using euclidian distance and trapezoidal integration. For 

complex areas with hundreds of small lobes, such as the Mississippi 

subdeltas during their deterioration, subaerial land can be traced from 

one small lobe to another without lifting the cursor. Total area is 

then read directly from the digitizer. On the other hand, larger delta 

lobes can be treated individually by reporting each of their areas and 

summing them to acquire the total amount of subaerial land. 

25. The volume of deltaic sediments was computed using a conven- 

tional contour-area method (Brinker 1968). Only those deltas with 

sufficient bathymetric data collected at the time of the subaerial survey 

could be used. Thus one of the difficulties was that bathymetric surveys 

were not updated each decade, as the subaerial surveys were (less fre- 

quently in the East Texas deltas). The number of data points was there- 

fore less than that for subaerial growth, but usually on the order of 

three to six. Three assumptions were required for the computation of 

volume. First, the depth of the receiving basin prior to a crevasse 

break or to obvious infilling was assumed to be the base of deltaic 

sedimentation. Second, it was assumed that the receiving basin was 

completely filled with sediment from its base up to a depth of 1.83 

m (6 ft), i.e., no channels had depths greater than 1.83 m. Overestimates 

in volume using the assumption of complete infilling were probably bal- 

anced by the third assumption, which excluded the volume of sediment 

that may have been above mean sea level (0-m contour). 

26. Determinations of volume were calculated from Equa t ion  1: 



2 
where A,, = a r e a  of  base  ( f t  ), A = a rea  of 6 - f t  contour ,  

6  A. = a rea  

of s u b a e r i a l  land,  D = depth of  base,  and V = volume of sediment i n  
P  

t he  d e l t a  p r i o r  t o  i n i t i a t i o n  of sedimentat ion.  ( I n i t i a l  c a l c u l a t i o n s  

were not made i n  met r ic  u n i t s  s i nce  a l l  maps and c h a r t s  were surveyed 

i n  f e e t . )  The f i r s t  term on the  r i g h t  s i d e  of Equat ion 1 i s  the  volume 

from the  base of the  d e l t a  t o  1 .83 m (6 f t ) ;  the  second term i s  from 

t h e  1.83-m contour  t o  t he  0-m subaer ia l - land  contour .  Est imates  of 

volume determined from Equation 1 should be considered a s  a  lower bound, 

s i n c e  subsidence and sea l e v e l  r i s e  have e f f e c t i v e l y  lowered the  base 

of t h e  r ece iv ing  b a s i n  during depos i t i on .  

27. The r a t e  of 0-m contour  advancement was c a l c u l a t e d  by mea- 

su r ing  l i n e a r  prograda t ion  of s u b a e r i a l  l and ,  For each survey, the  

s u b a e r i a l  ex tens ion  of land was measured along a  l i n e  normal t o  t h e  

apex of d e l t a  growth. Usua l ly , the  advance of sediments was normal t o  

a  primary channel t h a t  extended from a  c revasse .  

Sources of E r ro r  

28 .  The two main sources  of e r r o r  i n  a  gene r i c  a n a l y s i s  of d e l t a  

growth a r e  (a) those inheren t  i n  the  process  of making the  maps and c h a r t s ,  

such a s  surveying,  and (b) those r e s u l t i n g  from subsequent l abo ra to ry  

a n a l y s i s  of the  maps and c h a r t s ,  such as  d i g i t i z i n g .  P r i o r  t o  t he  e a r l y  

19201s, when techniques of a e r i a l  photography were f i r s t  developed and 

app l i ed  (19305 i n  Eas t  Texas) ,  maps and c h a r t s  were cons t ruc ted  from 

land-based topographic and bathymetr ic  surveys.  Accuracy of t he se  e a r l y  

surveys,  conducted p r imar i l y  by the  U.S. Coast Survey (U.S. Coast and 

Geodetic Survey, now the  Nat ional  Ocean Survey),  was dependent on s c a l e  

and da t e  of survey, s tandards  i n  use f o r  survey work, r e l a t i v e  importance 

of t he  a r e a  surveyed, and t h e  a b i l i t y  and c a r e  of  i n d i v i d u a l  surveyors  

(Shalowitz 1964).  Such p o t e n t i a l  sources  of e r r o r  i n  the  map-making 

process  a r e  w e l l  beyond t h e  c o n t r o l  of t h i s  study and cannot be  q u a n t i f i e d .  

29. Despi te  t he  above l i m i t a t i o n s ,  e a r l y  maps and c h a r t s  appear 

t o  be s u r p r i s i n g l y  accu ra t e .  Perhaps the  s i n g l e  most important v a r i a b l e  

i n  accuracy of a  p a r t i c u l a r  survey i s  i t s  da t e ;  r ecen t  surveys a r e  more 



accu ra t e  than o l d e r  surveys.  The q u a l i t y  of  maps took a  quantum jump 

upward with the  advent of a e r i a l  photography i n  t h e  1920's t o  1930's. 

E r r o r s  i n  a e r i a l  photographs a r e  r e l a t e d  t o  r e s o l u t i o n  and d i s t o r t i o n .  

Large-scale photographs have g r e a t e r  r e s o l u t i o n ,  and the  land-water 

boundary can be mapped with g r e a t e r  p r ec i s ion .  D i s t o r t i o n  of margins 

from o p t i c a l  a b e r r a t i o n s  can be l a r g e l y  overcome i f  only the  c e n t r a l  

p a r t s  of the  photograph a r e  used o r  i f  photomosaics a r e  cons t ruc ted .  

30. The land-water boundary can be d i f f i c u l t  t o  d e l i n e a t e  i n  

d e l t a i c  marshland and can b e s t  be i n t e r p r e t e d  by those who have made 

observa t ions  i n  the  f i e l d .  With r e spec t  t o  t h i s  type of e r r o r ,  we have 

no choice bu t  t o  t r u s t  the  e a r l y  engineers  and take  comfort i n  t he  a s se s s -  

ment by Shalowitz (1964, p. 79):  

These ( c o a s t )  surveys were executed by competent and c a r e f u l  
engineers  and were p r a c t i c a l l y  a l l  based on a  geodet ic  network 
which minimized the  p o s s i b i l i t y  of l a r g e  e r r o r s  being introduced.  
They t h e r e f o r e  r ep re sen t  the  b e s t  evidence a v a i l a b l e  of t he  condi- 
t i o n  of our  c o a s t l i n e  a  hundred o r  more yea r s  ago, and the  c o u r t s  
have r epea t ed ly  recognized t h e i r  competency i n  t h i s  r e spec t .  

31. Three types  of  e r r o r s  a r e  p o s s i b l e  i n  t h e  a n a l y s i s  phase: 

t r a c i n g ,  d i f f e r e n t i a l  map d i s t o r t i o n  (expansion and c o n t r a c t i o n ) ,  and 

d i g i t i z i n g  e r r o r s .  Because many of t he  very  o l d  maps and c h a r t s  d id  

not c i r c u l a t e ,  it was necessary t o  make d e t a i l e d  t r a c i n g s  t o  be d i g i t i z e d  

a t  a  l a t e r  t ime. Comparison of t r aced  a r ea s  t o  t he  a v a i l a b l e  o r i g i n a l s  

i nd i ca t ed  t h a t  t he  d i f f e r e n c e  i n  a r ea  was l e s s  than 1  pe rcen t ,  a  va lue  

considered t o  be n e g l i g i b l e .  D i s t o r t i o n  of o l d  maps from s t r e t c h i n g  

o r  shr ink ing  a s  a  r e s u l t  of humidity was a l s o  n e g l i g i b l e .  Each map 

o r  c h a r t  was i n d i v i d u a l l y  sca led  before  d i g i t i z i n g ,  t hus  a l l e v i a t i n g  

a l l  but  t he  most s e r ious  d i f f e r e n t i a l  d i s t o r t i o n s .  

32. The process  of d i g i t i z i n g  introduced the  l a r g e s t  source of 

e r r o r .  Although images f o r  each d e l t a  were analyzed by one ope ra to r ,  

small  e r r o r s  could no t  be e n t i r e l y  e l imina ted .  This  was p a r t i c u l a r l y  

t r u e  i n  the  case  of the  myriad of small  d e l t a  lobes i n  t he  Mis s i s s ipp i  

subde l t a s .  Hundreds of detached segments of marsh su r f ace  had t o  be 

i n d i v i d u a l l y  d i g i t i z e d  t o  g ive  t h e  t o t a l  land a r ea .  By comparing the  

r e s u l t s  of an image d i g i t i z e d  s eve ra l  t imes, i t  was found t h a t  a  s k i l l e d  

ope ra to r  could achieve r e s u l t s  with a  p r e c i s i o n  of 5 percent  o r  l e s s .  



33. From a practical standpoint, the generic analysis is considered 

to be a combination of broad, long-term historical monitoring, as in 

the case of the 10 deltas and subdeltas, and restricted, short-term 

monitoring, as in the case of the Atchafalaya deltas. The advantage 

of long-term monitoring, described above, is that trends and relative 

values are more important than absolute accuracy. The advantage in 

short-term monitoring, described below, is that high-frequency events 

can be captured and the details of delta growth can be more accurately 

depicted. 

Application and Analysis of Remote-Sensing Imagery 

34. Short-term monitoring of deltaic sedimentation in Atchafalaya 

Bay was carried out using LANDSAT imagery and aerial photography. The 

availability of LANDSAT data every 9-18 days, depending on the number 

of satellites in orbit and the quality of images, provided high-frequency 

monitoring capabilities for relatively large areas. Yearly aerial photo- 

graphic surveys at scales of 1:20,000-1:50,000, beginning in 1974, pro- 

vided detailed mosaics for descriptive purposes. However, the inability 

to place the land-water boundary in its proper position relative to 

that on the maps and charts (mean high water) was a cause for concern, 

particularly when aerial photographs were to be compared with maps. This  

generally precluded the use of aerial photographs in the quantitative 

analysis. 

35. Although LANDSAT data had the potential for high-frequency 

coverage under ideal conditions, only three to nine usable images could 

be acquired each year. High cloud cover during the overpass and on- 

board sensor problems were the major deterrents to clear images. As 

a general rule, computer listings were acquired only for images with 

cloud cover of less than 50 percent. These images, identified by a 

scene ID number, were examined on m i c r o f i c h e  to determine whether or 

not they were suitable for purchase. Much of the initial screening 

and subsequent purchase of images was performed by the New Orleans 

District (courtesy R. H. W. Cunningham). 



36, Two sensors aboard the LANDSAT satellite, the Multispectral 

Scanner Subsystem (MSS) and the Return Beam Vidicon (RBV), produce syn- 

chronous images at different wavelengths, each suited for a particular 

application. For good land-water discrimination, the near-infrared 

wavelengths of MSS band 7 (0.8-1.1 pm) give the sharpest boundary. 

The RBV sensor also provides a good land-water delineation but is not 

directly comparable to MSS band 7 because of a difference in resolution. 

A limiting characteristic of LANDSAT is that only features larger than 

56 x 79 m (instantaneous field of view or pixel size) are sensed by 

the satellite, thus making very fine resolution impossible. Fortunately, 

even the small delta lobes in Atchafalaya Bay are larger than the pixel 

size. 

37. The techniques used for analysis of LANDSAT data were slight 

m o d i f i c a t i o n s  o f  t h o s e  developed by Rouse, Rober t s ,  and Cunningham (1978).  

The f i r s t  s t e p  was t o  p h o t o g r a p h i c a l l y  e n l a r g e  each image from a  s c a l e  of 

1:1,000,000 t o  a s c a l e  of 1:50,000. S u b a e r i a l  l a n d  was t h e n  t r a c e d  on to  

ve l lum and d i g i t i z e d  a f t e r  t h e  e x a c t  s c a l e  was determined.  A s  i n  t h e  

c a s e  of h i s t o r i c a l  maps and c h a r t s ,  v a r i a t i o n s  i n  s c a l e  from one image 

t o  a n o t h e r  were n o t  of concern  s i n c e  t h e  s c a l e  of each  image was 

determined independen t ly .  

38. Because the amount of exposed land in Atchafalaya Bay is 

highly dependent on water elevation (as affected by stage of tide, river 

stage, barometric pressure, and wind speed and direction), it was neces- 

sary to obtain accurate information on water levels. Failure to perform 

this intermediate step would have resulted in apparent rates of change 

in subaerial land that were far greater than actual rates of growth 

or deterioration. 

39. Water elevation at the time of satellite overpass was deter- 

mined from tide records at three gages in Atchafalaya Bay: Deer Island 

Bayou (northern bay); Amerada Hess (midbay); and Eugene Island (southern 

bay) (Figure 6). Then, in order to remove the effects of water elevation 

from actual variations in land area, a plot of  water elevation versus 

land areas was constructed for each flood year (usually defined as April 

1 through March 31) (Figure 7). Finally, the amount of subaerial land 
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Figure  6 .  Examples of water e l e v a t i o n  ve r sus  d i s t ance  from head of 
Atchafalaya Bay. See F igure  1 f o r  l oca t ions  of t h r e e  gaging s t a t i o n s .  
Water l e v e l  a t  t he  time of s a t e l l i t e  overpass was taken from t h e  l e a s t -  
squares  b e s t - f i t  l i n e  a t  midbay p o s i t i o n  (Arnerada Hess) 

was determined from Figure 7 by cons t ruc t ing  a  nonl inear  l e a s t  squares  

f i t  t o  t he  da t a  po in t s  f o r  each f lood  year  and e x t r a c t i n g  a  va lue  f o r  

s u b a e r i a l  land a t  the  mean sea  l e v e l  p o s i t i o n .  

40. The above ana lyses  were performed sepa ra t e ly  f o r  t he  Wax 

Lake and Lower Atchafalaya River De l t a s .  Accordingly, a  fou r th  t i d e  

gage record  near  t he  Wax Lake De l t a ,  Po in t  Chevreui l ,  was occas iona l ly  

included i n  t h e  water - leve l  computations.  The two s e t s  of da t a ,  a s  

determined from Figures  6 and 7 ,  were then combined t o  provide y e a r l y  

e s t i m a t e s  of s u b a e r i a l  land f o r  t he  e n t i r e  Atchafalaya Bay. A l i s t i n g  

of d i g i t i z e d  LANDSAT images, corresponding water l e v e l s ,  and exposed 

a r e a s  i n  t he  Wax Lake and Lower Atchafalaya River  Del tas  i s  given i n  

Appendix B.  
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Figure  7. Water e l e v a t i o n  versus  a r e a  f o r  each f lood  y e a r ,  1973-1974 
through 1980-1981, i n  t h e  Lower Atchafalaya River  Del ta  (Wax Lake De l t a  
not  i nc luded) .  Subaer ia l  land was determined from the nonl inear  bes t -  
f i t  curves a t  mean s e a  l e v e l  e l eva t ion  ( c o r r e l a t i o n  c o e f f i c i e n t s  range 
from 0.66 t o  0.99) 



PART 111: RESULTS 

East Texas Deltas 

Guadalupe Delta 

41. The Guadalupe Delta is the oldest and one of the smallest 

deltas used in the generic analysis. Initiated by sedimentation from 

discharge of the combined Guadalupe and San Antonio Rivers approximately 

2000 years ago, it was constructed as a series of four subdeltas that 

reached a maximum area perhaps only slightly greater than its present 
2 

area of 22.4 km (Figure 8A). As in the case of the Atchafalaya Delta, 

the receiving basin is a shallow bay (<2 m) that is fringed by a barrier, 

Matagorda Island. Although the Guadalupe Delta is building into a low- 

wave-energy, low-current-strength environment, its rate of progradation 

is extremely slow because of a low, albeit highly variable, sediment 

discharge of only 8.8 x lo5 metric tons/yr (Morton and Donaldson 1978). 

42. The lack of a sufficient number of historic maps precludes 

the construction of a growth curve for Guadalupe Delta. However, sequen- 

tial growth is shown diagrammatically in Figure 9. The process of growth 

has been by alternating subdelta lobes in a regressive sequence first 

to the southeast (Figure 9A, B), then to the northeast (Figure 9C, D). 

The bird-foot appearance was best developed during the Sommerville- 

Plank Bridge subdelta (Figure 9B), which formed as a result of the second 

major bifurcation on the lower Guadalupe River. Alternating bars from 

one side to the other along Guadalupe River suggest frequent abandonment 

of distributaries contemporaneously with delta growth (Donaldson, Martin, 

and Kanes 1970). The average rate of contour advancement has been ap- 

proximately 12 m/yr. Assuming the initiation of the Guadalupe Delta to be 
L 

2000 years ago, the average rate of growth has been 0.01 km /yr, making 

it the slowest growing delta under consideration in this study. 

4 3 .  The Guadalupe Delta is now largely in a state of deterioration. 

Examination of aerial photographs from 1929 and 1957 (Donaldson, Martin, 

and Kanes 1970) shows that the delta has transgressed over 60 m. Average 

rates of deterioration are reported to be 2.75 m/yr facing Guadalupe Bay 





- PLANK BRIDGE 

I 

Traylor 1973 D 
Cut MISSION 

SA N A NTONIO 
I BA Y 

960 50' 

Figure 9. Holocene development of the Guadalupe Delta. A-C are from 
Donaldson, Mar t in ,  and Kanes (1970) 

and 1 .75  m/yr f a c i n g  San Antonio Bay (Donaldson, M a r t i n ,  and Kanes 

1 9 7 0 ) .  The o n l y  a r e a  of p r o g r a d a t i o n ,  t h e  T r a y l o r  Cut s u b d e l t a ,  began 



growing a f t e r  an a r t i f i c i a l  c u t  between Guadalupe River and Mission Lake 

i n  1935 (F igure  9 ) .  Increased  flow through Guadalupe Bay from t h e  Tray lor  

Cut probably a c c e l e r a t e d  e ros ion  along t h e  southwest s h o r e l i n e  of t h e  bay. 
2 A s  of 1973, t h e  t o t a l  a r e a  of Tray lor  Cut subde l t a  was 0.5 km , s l i g h t l y  

g r e a t e r  than 2 pe rcen t  of t h e  t o t a l  a r e a  of Guadalupe Del ta .  S ix ty- f ive  

pe rcen t  of t h e  d i s cha rge  flows through Traylor  Cut, r e s u l t i n g  i n  an 
2 

average subde l t a  growth r a t e  of 0.013 km / y r  and a contour  advancement 

r a t e  of 23  m/yr. 

Colorado Del ta  

44. During i t s  r a p i d  s t a g e  of development, t h e  Colorado Del ta  

prograded 8 . 1  km ac ros s  t he  shallow (<2 m) Matagorda Bay i n  6 yea r s ,  

making i t  the  f a s t e s t  growing d e l t a  i n  Texas. Prograda t ion  was i n i t i a t e d  

i n  1929 a f t e r  log jams t h a t  had blocked d e l t a i c  sedimentat ion s i n c e  

a t  l e a s t  t he  16008 (Wadsworth 1966) were c l ea red  on the  lower 46 km 

of  t h e  Colorado River .  The process  of d e l t a i c  i n f i l l i n g  occurred behind 

a b a r r i e r ,  the  Matagorda Peninsu la ,  a s  a s e r i e s  of  l oba t e  and d i g i t a t e  

subde l t a s  (F igure  8B). A p a r t i a l  b a r r i e r ,  t h e  Dog I s l a n d  Reef, helped 
6 

r e s t r i c t  movement of the  11.6 x 10 me t r i c  t o n s I y r  of  incoming sediment 

t o  an a r ea  one-tenth t he  s i z e  of Atchafalaya Bay. 

45. Evolu t ion  o f  t he  Colorado Del ta  can be  d iv ided  i n t o  four  

phases,  each t i e d  t o  a well-defined sequence of  events  c o n t r o l l e d  l a r g e l y  

by man. The f i r s t  phase was slow sedimentat ion before  and during removal 

of logs between 1925 and 1929. The 1908 survey,  the  f i r s t  d e t a i l e d  

map of the  d e l t a ,  showed only 0.19 km2 of d e l t a i c  sediment depos i ted  

a s  a small  bulge west of t h e  Colorado River o u t l e t  (F igure  10A). Between 
2 

1908 and 1929, average growth r a t e s  of 0.24 km / y r  (F igure  11) were 

probably a r e s u l t  of f ine-grained sediments c a r r i e d  over and around 

t h e  log  r a f t s  dur ing  major f loods .  The f i n a l  removal of t he  log  b a r r i e r ,  

a ided by the  f lood  of 1929, c o n s t i t u t e d  an event equal  i n  magnitude 

t o  the  opening of a major c revasse  on the  lower Mis s i s s ipp i  River .  

46. The second phase of development was cha rac t e r i zed  by uniform 

and r ap id  growth. Between 1929 and 1941, four  lobes  formed and coalesced 
2 

t o  b u i l d  a t o t a l  of  23.5 km of new s u b a e r i a l  land a t  an average r a t e  
2 2 

of  1.9 km / y r  (F igure  11) .  The f i r s t  lobe formed 7.2 km of  s u b a e r i a l  
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Figu re  10. Development of  t h e  Colorado River Del ta  between 1908 and 
1972 

land  i n  1930 t h a t  extended halfway ac ros s  t he  bay. Th i s  lobe was con- 

s t r u c t e d  from the  normal sediment load of t h e  Colorado River ,  t oge the r  

w i th  resuspended coarse  sediments t h a t  had been depos i ted  above the  

log r a f t  (Manka and Steinmetz 1971).  By 1933,a more d i g i t a t e  n o r t h e a s t  

lobe  had e n c i r c l e d  the  e a r l i e r  lobe (F igure  10B). D i s t r i b u t a r i e s  had 

become b e t t e r  developed and were spaced f a r t h e r  a p a r t .  Af t e r  a major 

f l ood  i n  t h e  sp r ing  of 1935, a dredged channel was extended ac ros s  Matagorda 

Bay, then through Matagorda Peninsu la  i n  1936. Simultaneously with 
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Figu re  11. Subaer ia l  growth of t he  Colorado River  D e l t a  ( taken  p r imar i l y  
from Wadsworth 1966) 
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dredging,  t he  no r theas t  lobes (combined 1930 and 1933 lobes )  ceased 

t o  develop and a new sou theas t  lobe prograded across  t h e  bay, thus  forming 

a land  br idge  t o  Matagorda Peninsu la  by l a t e  1935. The f o u r t h  and f i n a l  

lobe  was an enlargement between 1935 and 1941 of t h e  t h r e e  e a r l i e r  lobes  

(F igure  10C). A r t i f i c i a l  l evees  and a farm road v i r t u a l l y  s ea l ed  o f f  

sediments t o  t h e  bay a f t e r  1941. 

47. A per iod  of s t a b i l i z a t i o n  occurred between 1941 and 1952. 

Minor new growth, mainly from reworked sediments depos i ted  p r i o r  t o  

1900 1910 1920 1930 1940 1950 1960 1970 1980 

1941, added an average of 0.03 kmL of s u b a e r i a l  l and  per  year  (F igure  

11) .  The peak of s u b a e r i a l  development a t  29.1 l a 2  i n  1952 marked t h e  

end of t he  s t a b l e  p e r i o d ,  and the  Colorado De l t a  en t e r ed  a slow destruc-  

t i o n a l  phase. I n t e r d i s t r i b u t a r y  bays began forming, t h e  s h o r e l i n e  became 

more c r enu la t ed ,  and small  beach r i d g e s  were depos i ted  by storm waves 

(F igure  10D). Between 1952 and t h e  l a t e s t  survey of 1972, an average 

of 0.34 krnZlyr of s u b a e r i a l  land was l o s t .  Moreover, du r ing  t h e  46 

years  s i n c e  t h e  Gulf of Mexico became t h e  r ece iv ing  bas in  f o r  sediments 

of  t he  Colorado River  (1935),  s u b a e r i a l  land has not formed seaward 

of Matagorda Bay. 

48. Volume e s t ima te s  of sediment f i l l  a f t e r  1929 were based on 

d a t a  from two sources .  The f i r s t  was an isopach map provided by Kanes 

(1970) ; the  second was computed from the  USGS Matagorda Quadrangle, 

photo-revised t o  1972. Without a 1952 bathymetr ic  c h a r t ,  i t  was no t  



p o s s i b l e  from these  d a t a  t o  determine whether or  no t  sediments were 

depos i ted  subaqueously a f t e r  s u b a e r i a l  growth ceased i n  1952. However, 

assuming t h a t  volume has  increased  cont inuous ly ,  c a l c u l a t i o n s  i n d i c a t e  
6  3  

an average r a t e  of f i l l  of 3.6 x  10 m /yr.  Rate of contour advancement 

i n d i c a t e d  t h a t  only two pulses  of forward growth were p re sen t  dur ing  

prograda t ion  of t h e  Colorado De l t a .  The f i r s t ,  corresponding t o  develop- 

ment of t he  no r theas t  l obes ,  occurred between 1908 and 1930; the second 

corresponded t o  development of t h e  sou theas t  lobe btween 1933 and 193.5. 

Advance of the  d e l t a  a f t e r  1935 was prevented by the  Matagorda Peninsu la .  

T r i n i t y  De l t a  

49. The T r i n i t y  De l t a  i s  a  small  bayhead d e l t a  t h a t  has  developed 

i n  t h e  no r theas t  segment of t h e  shal low (2-3 m) T r i n i t y  Bay (F igu re  

8C). Separated from the  Gulf of Mexico by d iscont inuous  o y s t e r  r e e f s  

i n  c e n t r a l  Galveston Bay and by Galveston I s l a n d  and Bol ivar  Peninsu la  

i n  sou theas t e rn  Galveston Bay (F igure  8C), t he  T r i n i t y  De l t a  i s  l o c a t e d  

48 km from open-water condi t ions .  Prograda t ion  of t h e  d e l t a  began a f t e r  

t h e  mouth of the  T r i n i t y  River  s h i f t e d  t o  t he  e a s t  s i d e  of T r i n i t y  Val ley  

approximately 500-800 years  ago (Mc~wen 1963).  Although t h e  T r i n i t y  

River  has  the  h ighes t  d i scharge  of any r i v e r  i n  Texas,  i t s  sediment 

load  i s  only 5.0 x  lo6  me t r i c  t ~ n s / ~ r ,  a  value cons iderab ly  l e s s  t han  

t h a t  of the  Brazos,  Rio Grande, o r  Colorado River .  Thus t he  small  
2  

s i z e  of t h e  d e l t a ,  13.5 km a s  of 1974, i s  explained p a r t l y  by t h e  l i m i t e d  

sediment i n p u t .  

50. Growth of t he  T r i n i t y  De l t a  has  been t r aced  p i c t o r i a l l y  from 

surveys of 1855, 1933, 1942, and 1961 (F igure  12) .  The d e l t a  grew outward 

from the  e a s t e r n  margin of t he  T r i n i t y  a l l u v i a l  v a l l e y ,  i s o l a t i n g  a  

small  segment of  T r i n i t y  Bay r e f e r r e d  t o  a s  Lake Anahuac (F igu re  12A, 

B) . Between 1855 and 1933, s u b a e r i a l  land grew i n  s i z e  from 7.8 t o  
2 2  

10.8 km a t  an average r a t e  of 0.04 km / y r  (F igure  13) .  To ea se  t h e  

f looding  problems i n  t h e  c i t y  of Anahuac, a  channel was dredged p a r a l l e l  

t o  t h e  s h o r e l i n e ,  d i r e c t i n g  t h e  T r i n i t y  River  away from the  c i t y  (F igu re  
2  

12C). Average growth r a t e  increased  t o  0.11 km /yr  between 1933 and 

1961; t h e  peak of d e l t a  development was 13.9 km2 i n  1961. A 1974 photo 

r e v i s i o n  of t he  1961 Anahuac Quadrangle showed s l i g h t  d e t e r i o r a t i o n  



Figure 12. Development of the Trinity River Delta between 1855 and 
1974 
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Figure  13. Subae r i a l  growth of t h e  T r i n i t y  River  De l t a  (da t a  from C&GS 
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of d e l t a i c  marsh and s e v e r a l  d i s t r i b u t a r i e s  t h a t  had been abandoned 

s ince  1855 (F igu re  12D). 

51. Although curves f o r  volume and contour  advancement were n o t  

cons t ruc ted  because of t h e  l im i t ed  number of a v a i l a b l e  maps, t h e  r a t e s  

f o r  t h e s e  v a r i a b l e s  s ince  t h e  mid-1800's can be summarized a s  fol lows:  

(a) t h e  development of 5 . 7  kmL of s u b a e r i a l  l and  i n  t h e  pas t  119 yea r s  

has  caused most of t he  upper T r i n i t y  Bay t o  shoa l  by 0.5 m ,  w i th  l o c a l i z e d  

i n f i l l i n g  near  t h e  d e l t a  on t h e  order  of 1-2 m; and (b) contour advancement 

dur ing  t h e  same t ime per iod  has  been 0 .5  km t o  t he  southeas t  a t  an average 

r a t e  of 4  d y r .  

Foreign Del t a s  

Lai t aure  Del t a  

52. The L a i t a u r e  De l t a ,  loca ted  i n  nor thern  Sweden a t  an e l e v a t i o n  

of 495 m above s e a  l e v e l ,  has  formed a s  a  small  l a c u s t r i n e  d e l t a  i n  

Lake La i t au re  from sediments of t h e  Rapazlven R ive r .  I t  has a  s u b a e r i a l  

exposure of only 10 km2 and i s  suppl ied  by a  sediment d i scharge  of 1 .9  
5  

x  10 m e t r i c  t o n s / y r .  G l a c i e r s  comprise 12 pe rcen t  of t h e  t o t a l  d ra inage  

a r e a ,  and t h e  L a i t a u r e  Lake and Delra  a r e  f rozen  from s u r f a c e  to  bottom 

during win t e r  i i~onths.  Sediment d i scharge  i s  thus h i g h l y  v a r i a b l e ,  w i t h  



95 percent  of t o t a l  annual discharge occu r r ing  du r ing  t h e  months of 

June-August and one-half occur r ing  wi th in  a  5-day per iod usua l ly  i n  

J u l y  (Axelsson 1967).  Although t h e  L a i t a u r e  De l t a  bears  l i t t l e  o v e r a l l  

resemblance t o  t h e  Atchafa laya  De l t a  i n  terms of t h e  process v a r i a b l e s  

i n  Tables  1 and 2, i t  i s  q u i t e  s i m i l a r  i n  t h a t  (a) d e l t a  growth began 

a f t e r  s e v e r a l  l akes  upstream became sed imen t - f i l l ed  and (b) morphology 

of t h e  f i l l e d  a r e a s  resembles t h a t  of Grand and S i x  Mi le  Lakes i n  t h e  

Atchafalaya Basin and t h a t  of t h e  e a s t e r n  h a l f  of t h e  Lower Atchafalaya 

River  De l t a .  

53. The L a i t a u r e  De l t a  i s  an e longa t e  r a t h e r  than  l o b a t e  d e l t a  

t h a t  is  r e s t r i c t e d  by t h e  width of  Lake L a i t a u r e .  I t  thus  s e rves  a s  

an e x c e l l e n t  example of d e l t a i c  growth i n  a  v e r y  confined r e c e i v i n g  

bas in  some 15 km long, 1-2 km wide, and 4  m deep (F igure  14).  Because 

t he  l ake  and dra inage  b a s i n  a r e  h i g h l y  i n a c c e s s i b l e  and of no economic 

importance with r e spec t  t o  sh ipping ,  they a r e  r a t h e r  poorly known geo- 

g r a p h i c a l l y  and g e o l o g i c a l l y .  No s  w v e y  d a t a  e x i s t  f o r  comparison pur- 

poses ,  and t h e  d a t a  presented he re  a r e  t aken  from t h e  publ ished work 

of Axelsson (1967).  

54. Figure 15 shows the  d e l t a  f r o n t  from t r a c i n g s  of a e r i a l  photo- 

graphs taken  i n  1954, 1960, and 1963. Although t h i s  sequence shows 

s u b a e r i a l  land a t  t h r e e  d i f f e r e n t  water  l e v e l s ,  i t  neve r the l e s s  i n d i c a t e s  

t h e  speed with which de l t a - f ron t  changes can occur.  For  example, t h e  

1963 c o n f i g u r a t i o n  a t  t he  high-water l e v e l  of 1.29 m shows t h a t  a t  l e a s t  

one small  channel had been sea l ed  and t h a t  growth had occurred s i n c e  

1954 v i a  ex tens ion  of channels and p a r a b o l i c  d e l t a  l o b e s .  A s  of t h e  

mid-1900's~ one-half of  Lake L a i t a u r e  was f i l l e d  with d e l t a i c  sediments.  

55. The most c h a r a c t e r i s t i c  f e a t u r e s  of t he  La i t au re  De l t a  a r e  

t h e  a c t i v e  and abandoned channels ,  l evee  r i d g e s ,  and i n t e r l e v e e  bas in s .  

Channels a r e  branching,  w i t h  average water  depths  of 1-2 m .  A t  low 

water  s t age ,  channels  appear to  be bra ided .  Smaller  channels  may be 

c losed  a t  t h e i r  heads ,  caus ing  t h e  flow network t o  v a r y  cons iderab ly  

from high t o  low water .  H i s t o r i c a l l y ,  a s  t h e  L a i t a u r e  De l t a  prograded 

and f i l l e d  i n  t h e  upper reaches of t h e  l a k e ,  o l d e r  channels  were abandoned 

These now show s igns  of d e t e r i o r a t i o n .  New channels  t h a t  were exc i sed  



i n t o  marginal l akes  produced min ia ture  d e l t a s .  Unlike any o t h e r  d e l t a  

i n  t he  gener ic  a n a l y s i s ,  t he  p a t t e r n  of sedimentat ion was in f luenced  

by two important f a c t o r s .  F i r s t ,  t h e  i r r e g u l a r  topography of t he  r ece iv ing  

F igure  15. The Lake La i t au re  d e l t a  f r o n t  i n  1954, 
1960, and 1963 a t  l ake  s t a g e s  of 1 .00,  1 .23 ,  and 1.29 
m y  r e s p e c t i v e l y  ( t aken  from a e r i a l  photographs,  Axelsson 
1967) 



basin partly controlled locations of channels and subaerial land. Second, 

the single annual pulsation of sediment to the delta over a short interval 

of time produced one-half of the delta growth in a single week of cata- 

strophic deposition each year, with no subsequent opportunity for rework- 

ing by longshore currents, tidal currents, or waves. Projected rates 

of infilling by Axelsson (1967) indicate that Lake Laitaure will continue 

to fill in this fashion for another 1000 years. 

Catatumbo Delta 

56. The Catatumbo Delta, on the southwest shore of Lake Maracaibo, 

Venezuela, is a small lacustrine delta that serves as a modern analogue 

to the intermontane deltas that were common in the Tertiary (Figure 

16). The delta has formed from sediments delivered by the Catatumbo 
6  3 

River  a t  a  r a t e  o f  approximately  9  x 1 0  m / y r  (Hyne, Cooper, and Dickey 

1979).  F r e e  c o n n e c t i o n  w i t h  t h e  Car ibbean Sea th rough  t h e  S t r a i t  of 

Maracaibo a l l o w s  w a t e r s  t o  become s l i g h t l y  b r a c k i s h ,  depending on r a i n -  

f a l l ,  and f o r  t h e  i n t r o d u c t i o n  of t i d e s  on t h e  o r d e r  o f  6-22 cm 

(Redf i e l d  1961) . 
57. During h i s t o r i c  t imes ,  f i v e  t o  seven  d e l t a  l o b e s  were d e p o s i t e d  

2 
o v e r  a  t o t a l  a r e a  o f  roughly 750 km . Each l o b e  appears  t o  have remained 

a c t i v e  f o r  100 y e a r s ,  a f t e r  which t ime d e l t a  s w i t c h i n g  r e s u l t e d  i n  a  

new s i t e  of d e p o s i t i o n .  Abandoned d e l t a s  a r e  r a p i d l y  eroded by waves 

genera ted  from t h e  n o r t h e a s t  t r a d e  wind system. A map of s h o r e l i n e  

changes shows t h a t  between 1928 and 1975 t r a n s g r e s s i o n  and r e g r e s s i o n  

have occur red  s i m u l t a n e o u s l y  w i t h i n  t h e  Catatumbo D e l t a  and v i c i n i t y .  

58. P r e s e n t l y  t h e r e  a r e  two d i s t r i b u t a r i e s  on t h e  modern Catatumbo 

D e l t a ,  one d i s c h a r g i n g  t o  t h e  n o r t h e a s t ,  t h e  o t h e r  t o  t h e  s o u t h e a s t .  

R e s u l t s  of map s t u d i e s  under taken by Hyne, Cooper, and Dickey (1979) 

i n d i c a t e  t h a t  t h e  n o r t h  and s o u t h  d i s t r i b u t a r i e s  have prograded s i n c e  

1917 a t  average  rates of 76 m/yr and 22 m/yr, r e s p e c t i v e l y .  Accura te  

s u r v e y s  from 1928, 1930, and 1949 were d i g i t i z e d  t o  de te rmine  s u b a e r i a l  
L l a n d  growth r a t e .  S u b a e r i a l  l a n d  grew a t  a  r a t e  of 0 .01  km / y r  d u r i n g  

t h i s  21-year p e r i o d .  A d d i t i o n a l  d a t a  c i t e d  by Hyne, Cooper, and Dickey 

(1979) i n d i c a t e  t h a t  approximately  130 km2 of l a c u s t r i n e  d e p o s i t i o n a l  

p l a i n  a r e  covered by p r o d e l t a  sediments .  

59. Maps show t h a t  b o t h  d i s t r i b u t a r i e s  of t h e  Catatumbo D e l t a  
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Figure  16 .  The Catatumbo Del ta ,  i n  Lake Maracaibo, Venezuela 

have a well-developed t r i a n g u l a r  middle-ground bar  and t h a t  both lack  

abundant c revasse  systems and subde l t a  lobes s i m i l a r  t o  those  t h a t  a r e  

s o  common on t h e  M i s s i s s i p p i  B a l i z e  De l ta .  Channels a r e  c o n s i d e r e d  

t o  b e  exceed ing ly  s t a b l e ;  Hyne, Cooper, and Dickey (1979) a t t r i b u t e  

t h i s  t o  dense  j u n g l e  v e g e t a t i o n  and t h e  r e l a t i v e  l a c k  o f  t i d e s  t o  

impound r i v e r  w a t e r ,  t h u s  f o r c i n g  i t  through c r e v a s s e s .  Unl ike  t h e  

o t h e r  d e l t a s  i n  t h e  g e n e r i c  a n a l y s i s ,  t h e  Catatumbo D e l t a  a p p e a r s  t o  

b u i l d  by channe l  e x t e n s i o n  w i t h o u t  b i f u r c a t i o n .  The channe l s  t o  e i t h e r  

s i d e  o f  t h e  b a r  a r e  n o t  symmet r ica l ,  and t h e  deeper  channe l  pe r iod-  

i c a l l y  s h i f t s  from one s i d e  t o  t h e  o t h e r .  Bed l o a d  sed iments  a r e  

s p r e a d  i n  a  w i d t h  16 t imes  g r e a t e r  t h a n  t h e  w i d t h  of t h e  o r i f i c e .  



Danube Del ta  

60. The Danube De l t a ,  i n  e a s t e r n  Romania, t h e  l a r g e s t  of t he  

d e l t a s  and subde l t a s  used i n  t he  gener ic  a n a l y s i s ,  p ro t rudes  35 km i n t o  
2 t h e  western margin of the  Black Sea (F igure  17A). The 5000 km Holocene 

s u b a e r i a l  d e l t a  i s  divided i n t o  t h r e e  segments by t h r e e  major d i s t r i b u -  

t a r i e s ,  the  C h i l i a ,  Su l ina ,  and Gheorghe. Eighty-seven percent  of t he  

s u b a e r i a l  d e l t a  i s  marshland o r  " r i v e r  f l a t s , "  der ived from an annual 
6  sediment d i scharge  of  61.3 x 10 me t r i c  tons /yr .  

61. The f i r s t  of f i v e  recognized d e l t a  lobes was i n i t i a t e d  by 

sedimentat ion approximately 6000 yea r s  ago (Panin 1976).  P r i o r  t o  

t h i s  e a r l y  lobe,  a  long s p i t  t h a t  followed the  cu rva tu re  of t he  Romanian 

s h o r e l i n e  had formed from longshore d r i f t  t o  t he  south.  During the  

next  4000 yea r s ,  four  subde l t a s  prograded beyond t h e  Letea-Caraoman 

s p i t ,  each with a  l i f e  cyc l e  of  1000-3000 years  (Panin 1976).  Although 

two of these  subde l t a s  a r e  a c t i v e  today, only one, t h e  C h i l i a ,  i s  p r e s e n t l y  

prograding (F igure  17B). 

62. The C h i l i a  subde l t a  t akes  63 percent  of t o t a l  r i v e r  d i scharge  

and perhaps an equal  percentage of t he  sediments.  According t o  Panin 

(1976),  i t  began prograding n e a r l y  2000 years  ago when t h e  C h i l i a  d i s -  

t r i b u t a r y  breached t h e  Letea-Caraoman s p i t  and en t e r ed  t h e  marine envi- 

ronment. Since 1830 t h e  C h i l i a  subde l t a  has  more than quadrupled i n  

a r e a l  ex t en t  and increased  t h r e e f o l d  i n  volume (F igure  17C). The r a t e s  

of  growth have been r a t h e r  uniform s i n c e  t he  1830 survey;  s u b a e r i a l  
2  

land and t o t a l  volume have increased  a t  average r a t e s  o f  2 .3  km / y r  
3 

and 0.05 km / y r ,  r e s p e c t i v e l y .  A r e l a t i v e l y  l a r g e  volume t o  a r ea  r a t i o ,  
3 2 

7.2 km f o r  330 km of s u b a e r i a l  l and ,  i n d i c a t e s  t h a t  t h e  C h i l i a  subde l t a  

i s  now bu i ld ing  i n t o  a  deep r ece iv ing  bas in .  P re sen t  r a t e  of ex tens ion  

of t h e  C h i l i a  s u b d e l t a  i s  50-80 m/yr (Kravtsova,  Ushakova, and 

Chekal ina  1979).  

63. V a r i a t i o n s  i n  t o t a l  s u b a e r i a l  l a n d  i n  t h e  Danube D e l t a  between 

1888 and 1972 have been  o b t a i n e d  f r o m  a d a t a  s e t  p r e s e n t e d  by Kravtsova,  

Ushakova, and Chekal ina  (1979) and a r e  summarized below. The complex 

r i v e r  network of t h e  t h r e e  main d i s t r i b u t a r i e s  and t h e i r  pr imary b ranches  

h a s  been  remarkably s t a b l e .  T h i s  has  been p a r t l y  a r e s u l t  of e n g i n e e r i n g  

works between 1868 and 1 9 0 2 t h a t  shor tened  t h e  c e n t r a l  S u l i n a  d i s t r i b u t a r y  
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by 25 p e r c e n t  t o  p r e v e n t  f l o o d i n g  and t o  s t a b i l i z e  f low.  During t h e  

l a s t  84 y e a r s ,  approximately  26 km2 of s m a l l  d i s t r i b u t a r i e s  have ceased  
2  2  

t o  f u n c t i o n  and 7  km of new s t r e a m s  have formed. Whereas 1 0 3  km of 

l a k e s  have f i l l e d  w i t h  sediment  and grown o v e r  w i t h  marsh v e g e t a t i o n ,  
2  

241 km of new l a k e s  have developed from subs idence  and 578 km2 of 

" e s t u a r y "  l a k e s  have appeared i n  t h e  s o u t h e a s t e r n  p a r t  of t h e  d e l t a  a t  

t h e  s i t e s  of bays  c u t  o f f  by longshore  d r i f t .  F u r t h e r ,  n e a r l y  150 km 
2 

of beach  r i d g e s  t h a t  marked p o s i t i o n s  of former s h o r e l i n e s  i n  t h e  south-  

e a s t e r n  Danube D e l t a  have been submerged by t h e  e f f e c t s  of subs idence .  

The on ly  f i g u r e s  a v a i l a b l e  f o r  r e t r e a t  of t h e  d e l t a  s h o r e l i n e  i n d i c a t e  

average  r a t e s  of 1 0  t o  1 5  m/yr s o u t h  of t h e  Gheorghes d i s t r i b u t a r y .  

Mis s i s s ipp i  River  Subdel tas  

64. Four Mis s i s s ipp i  River  subde l t a s  have been a c t i v e  s i n c e  t he  

f i r s t  a ccu ra t e  survey of t he  Mississippi River d e l t a  i n  1838 by Captain 

A .  T a l c o t t .  Three of the  subde l t a s  l i e  above Head of Passes  (F igure  

18) and toge ther  take,  v i a  flow through c revasse  systems, approximately 

18.4 percent  of flow t h a t  reaches t he  lower Mis s i s s ipp i  Del ta  (Morgan 

1977) .  Although s i m i l a r  i n  many r e s p e c t s ,  t he  subde l t a s  vary  i n  s i z e ,  

geometry, depth of r ece iv ing  bas in ,  and exposure t o  wave a t t a c k .  

B a p t i s t e  C o l l e t t e  

65. The smal les t  Mississippi River subdel ta ,  the  B a p t i s t e  C o l l e t t e ,  

began i t s  growth i n  1874 a f t e r  a  c revasse  broke through t h e  small  B a p t i s t e  

C o l l e t t e  Bayou cana l .  Sediments were c a r r i e d  no r theas t  i n t o  t h e  s h e l t e r e d  

Bird I s l a n d  Sound (Oyster  Bay) and depos i ted  i n  water l e s s  than  2  m 

deep. The p a t t e r n  of growth was r e l a t i v e l y  uniform and l a s t e d - 7 2  years  

(1874-1946); t he  growth per iod was followed by a  per iod of s t a b i l i z a t i o n  

(1946-1958), then r ap id  d e t e r i o r a t i o n  beginning i n  1958 (F igure  19) .  

Discharge  d a t a  from Corps of Engineers  (CE) r e c o r d s  i n d i c a t e  t h a t  f low 

through t h e  c r e v a s s e  i n c r e a s e d  from 2.6 p e r c e n t  of t h e  t o t a l  d u r i n g  t h e  

e a r l y  y e a r s  of growth (average  d i s c h a r g e  f o r  1915-1922) t o  3.9 p e r c e n t  

d u r i n g  t h e  y e a r s  of s t a b i l i z a t i o n  and d e t e r i o r a t i o n  (average  d i s c h a r g e  

f o r  1949-1974). 

66. The f i r s t  c h a r t  t o  show a  s u b a e r i a l  d e l t a ,  p u b l i s h e d  i n  1893 



B Grand Liard Complex 

Figure  18. S i x  subde l t a s  of  the  modern M i s s i s s i p p i  Ba l i ze  Del ta  
recognized from maps and sediment a n a l y s i s .  Dates i n d i c a t e  year  
of  c revasse  opening (Dry Cypress Bayou and Grand L ia rd  subde l t a s  
n o t  included i n  t h i s  s tudy)  

(1891 survey) ,  i nd i ca t ed  t h a t  i n i t i a l  growth was slow and amounted t o  

only 2.4 km2 i n  17 yea r s  (F igure  19A). The most r ap id  s u b a e r i a l  growth 

occurred dur ing  t h e  next  17 yea r s  (1891-1908) a s  sands gained s u b a e r i a l  

exposure by prograding over  t h e  p r o d e l t a / d i s t a l  ba r  base of  f ine-grained 



sed iments .  I n  1908, t h e  CE dammed t h e  Bayou B a p t i s t e  C o l l e t t e  c r e -  

vasse ,  thus temporar i ly  h a l t i n g  subde l t a  growth f o r  7  years  ( ~ i ~ u r e  

19A). The dam was breached by high water  i n  1915 (Morgan 19771, and 

a  new phase of growth began t h a t  l a s t e d  u n t i l  1922. Between 1922 and 

1932, t h e  B a p t i s t e  C o l l e t t e  subde l t a  merged with t h e  Cubits  Gap subde l t a ,  

causing acce l e r a t ed  growth a t  t h e i r  junc t ion  but  slower growth wi th in  

t h e  def ined  boundaries  of t he  B a p t i s t e  C o l l e t t e  system. Although the  
2  subde l t a  reached i t s  maximum s u b a e r i a l  e x t e n t  of 57.2 km i n  1946, r a p i d  

d e t e r i o r a t i o n  d id  no t  begin u n t i l  1958. Maximum r a t e  of d e t e r i o r a t i o n  
2  2 

(1 .8  km / y r )  exceeded maximum r a t e  of  growth (1 .1  km / y r )  . An inc rease  
2  i n  s u b a e r i a l  land of 4.4 km occurred during the  d e s t r u c t i o n a l  phase 

a s  a  r e s u l t  of abnormally high f lood yea r s  between t h e  1971 and 1978 

d a t a  po in t s  (F igure  19A). 

67. F igure  20 shows, from s e l e c t e d  surveys,  t he  r e p r e s e n t a t i v e  

p a t t e r n s  of growth and d e t e r i o r a t i o n .  Major b i f u r c a t i o n s  on B a p t i s t e  

C o l l e t t e  Bayou ( t h e  main channel)  occurred p r i o r  t o  1922. During s t a b i l i -  

z a t i o n ,  a f t e r  1946, t he  smal le r  i n e f f i c i e n t  channels sea led  and sedimen- 

t a t i o n  was j u s t  capable  of o f f s e t t i n g  subsidence.  Figure 19B shows 

t h a t  during t h i s  per iod of s u b a e r i a l  s t a b i l i z a t i o n  both sediment volume 

and l i n e a r  growth continued t o  i nc rease .  Fu r the r ,  t he  most r ap id  i nc rease  
3  

i n  volume (0.013 km / y r )  occurred not  only during s t a b i l i z a t i o n  bu t  

throughout t h e  d e s t r u c t i o n a l  phase a s  wel l  (F igure  19B). By 1959 land 
3  

extended 12.9 km i n t o  Oyster Bay, and by 1971 0.75 km of sediment had 

been depos i ted  i n  the  B a p t i s t e  C o l l e t t e  subde l t a .  

Cubi ts  Gap 

68. The Cubits  Gap subde l t a  has  been one of  t he  most thoroughly 

s tud i ed  subde l t a s  of t he  Mis s i s s ipp i  River ,  p r imar i l y  a s  a  r e s u l t  of 

t h e  work by Welder (1959). Since t he  opening of  t he  c revasse  i n  1862, 

sediments have been f i l l i n g  the  r e l a t i v e l y  deep (9 m) Rondo Bay r ece iv ing  

b a s i n  t o  t h e  n o r t h e a s t .  A t r i f u r c a t i o n  e s t a b l i s h e d  i n  t he  1870k a t  

t he  c revasse  opening allowed flow t o  fol low t h r e e  major passes ,  r e f e r r e d  

t o  (from no r th  t o  south i n  Figure 18)  a s  Main Pass ,  Octave Pass ,  and 

Raphael Pass .  The Cubits  Gap subde l t a  i s  approximately four  t imes a s  

l a r g e  a s  B a p t i s t e  C o l l e t t e  and t akes  12.5-14.5 percent  of t o t a l  r i v e r  

d i s c h a r g e  above Head of  Passes .  
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F i g u r e  19.  L i n e a r ,  a r e a l ,  and volume growth curves  f o r  
t h e  B a p t i s t e  C o l l e t t e  s u h d e l t a  



Figure  20. Sequent ia l  development of B a ~ t i s t e  C o l l e t t e  subdel ta  (con- 
s t r u c t e d  from C&GS and USGS c h a r t s )  



69. A d i t c h  t h a t  had been excavated by the  daughters  of Cubi t ,  

an o y s t e r  fisherman, t o  a l low passage by boat  between t h e  Mis s i s s ipp i  

River  and Bay Rondo, was immediately r e spons ib l e  f o r  t he  c revasse  break .  

According t o  Morgan (1977),  t he  d i t c h  was c u t  through n a t u r a l  l evee  

t h a t  was no more than 120 m wide. With t h e  f lood  of  1862, t h e  d i t c h  

enlarged i n t o  a  n a t u r a l  c revasse  opening, and by 1868 the  c revasse  was 

740 m wide. The opening had increased t o  a  width o f  840 m by 1875, 

then t o  990 m by 1898; depth decreased from 40 m t o  22 m during t h e  

same time per iod .  P l an ime t r i c  and bathymetr ic  d a t a  compiled by Welder 

(1959) showed t h a t  a s  of  1952 the  c revasse  had remained over 900 m 

wide bu t  had shoaled t o  a  depth of 10 m. 

70. Although the  c r evas se  system evolved i n  only a  few yea r s '  

t ime, s u b a e r i a l  growth was s luggish  a s  the  deep r e c e i v i n g  bas in  was 

f i l l i n g  subaqueously with sediments.  A per iod of r a p i d  growth ( 6 . 3  
2 

km / y r )  began i n  1891 and continued t o  1905 (F igure  21A). During t h i s  

14-year per iod  88.3 km2 of s u b a e r i a l  land were added t o  t h e  Cubits  Gap 

subde l t a .  By 1905 t h e  passes  were over 10 km long and were prograding 
2  

a t  an average r a t e  of  0.6 km/yr. Modest r a t e s  o f  growth (1.7 km / y r )  

p r eva i l ed  t o  1946, when t h e  subde l t a  reached i t s  maximum s u b a e r i a l  e x t e n t  
2 

of 193.1 km . Unlike t h e  B a p t i s t e  C o l l e t t e  and Garden I s l a n d  Bay sub- 

d e l t a s ,  the  Cubits  Gap subde l t a  never s t a b i l i z e d ,  b u t  en t e r ed  a  r ap id  

d e s t r u c t i o n a l  phase i n  1946 (F igure  21A). 

71. Between 1946 and 1953 s u b a e r i a l  land was l o s t  a t  an average 
2  

r a t e  of 12.9 km / y r ,  t he  h i g h e s t  r a t e  of any subde l t a  i n  t he  modern 

M i s s i s s i p p i  River system. F igure  21B shows t h a t  between 1873 and 1922 

the  d e l t a  f r o n t  was advancing a t  an average r a t e  of n e a r l y  0 .5  km/yr, 
2  

bu t  t h a t  a f t e r  1922 the  r a t e  of  advance diminished t o  0.05 km /y r  a s  

t he  passes  extended themselves t o  t he  po in t  of i n e f f i c i e n c y .  Compaction 

and dewatering of  underconsol idated sediment i n  t h e  deep Rondo Bay r ece iv -  

i ng  bas in  proceeded r a p i d l y  during the  waning of t he  sediment de l ive ry  

system. An important p o i n t  t o  no t e  i s  t h a t  CE d i s c h a r g e  d a t a  r e v e a l  

no sys temat ic  decrease  i n  flow through the  Cubits  Gap c revasse  s i n c e  

t h e  e a r l y  1900 's .  
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Figure  21. L inear ,  a r e a l ,  and volume growth curves f o r  t h e  Cubits  Gap 
subde l t a  

72. F igure  22 shows the  s equen t i a l  development of Cubi ts  Gap 

subde l t a ,  beginning wi th  t h e  T a l c o t t  survey of  1838. The survey of 



1884, cha rac t e r i zed  by a  primary channel s epa ra t i ng  t h e  d e l t a  i n t o  two 

ha lves ,  looks remarkably l i k e  the  present-day Lower Atchafalaya River 

De l t a  o r i e n t e d  approximately 160 degrees  counterclockwise.  The 1946 

map shows a d d i t i o n a l  s u b a e r i a l  land but  some d e t e r i o r a t i o n  a s  wel l .  

By 1971 the  main passes  had d e t e r i o r a t e d  t o  t h e  po in t  where they could 

be recognized only by t h e i r  n a t u r a l  l evees .  The t y p i c a l  p a t t e r n  of 

d e t e r i o r a t i o n  i s  one of small  water bodies  r e v e r t i n g  t o  l a r g e r  bays. 

Of p a r t i c u l a r  i n t e r e s t  i s  t he  f a c t  t h a t  major subsidence occurs  i n  t he  

o l d e s t  p a r t  of t he  d e l t a .  

73. The volume of t he  Cubits  Gap subdel ta  was t h e  l a r g e s t  of 
3  

any Mis s i s s ipp i  River subde l t a .  Average r a t e  of growth was 0.026 km / y r ,  

o r  t h r e e  t imes t h a t  of t he  B a p t i s t e  C o l l e t t e  subdel ta .  T o t a l  volume 
3  

f i l l  a s  of 1971 was 3 .5  km . There i s  no i n d i c a t i o n  t h a t  r a t e  of  volume 

f i l l  i s  r e l a t e d  t o  r a t e  of s u b a e r i a l  land growth ( o r  d e t e r i o r a t i o n ) .  

I n  f a c t ,  during the  d e s t r u c t i o n a l  phase (1946-1971) 0.42 km3 of sediment 

was depos i ted  i n  t he  bay. The Cubits  Gap subdel ta  shows the  b e s t  example 

of  channel b i f u r c a t i o n  and channel r e u n i t i n g ,  which toge the r  form an 

i n t r i c a t e  p a t t e r n  of d i s t r i b u t a r i e s .  

West Bay 

74. The West Bay subdel ta  i s  t h e  e a r l i e s t  subde l t a  f o r  which 

accu ra t e  records  a r e  a v a i l a b l e ,  and a  l a r g e  number of  bor ings  have a ided  

i n  i n t e r p r e t i n g  i t s  morphologic development (Coleman 1976).  I n i t i a t e d  

by a  c revasse  break i n  1839, the West Bay complex developed r a p i d l y  

t o  become the  l a r g e s t  s u b a e r i a l  d e l t a  i n  t h e  Mis s i s s ipp i  River system. 

A s  an a r ea  of open water i n  the e a r l y  1830's, West Bay was approximately 

7  m deep, s i t u a t e d  i n  t he  l e e  of  waves from the  southeas t  and c u r r e n t s  

from the  e a s t  (F igure  18 ) .  It i s  a  p a r t i c u l a r l y  i n t e r e s t i n g  subde l t a  

i n  t h a t  s u f f i c i e n t  da ta  e x i s t  t o  document a  l o s s  of s u b a e r i a l  land p r i o r  

t o  the  c revasse  opening and t h a t  a  double peak i n  s u b a e r i a l  land i s  

prominent during the  ~ e r i o d  of  s t a b i l i z a t i o n .  Fu r the r ,  some evidence 

i s  a v a i l a b l e  t o  i n d i c a t e  t h a t  d i scharge  through the  c revasse  has  increased  

s l i g h t l y  s ince  t he  e a r l y  1900's. 

75. P r i o r  t o  1839, West Bay was connected t o  the  Mis s i s s ipp i  

River by Wilder 's  Bayou; a  lock allowed passage of shal low-draf t  v e s s e l s  





between t h e  r i v e r  and bay (Morgan 1977) .  During f l o o d  s t a g e  of 1839, 

t h e  l o c k  was des t royed  and w i l d e r ' s  Bayou became a  c r e v a s s e  known a s  

The Jump. Enlargement of t h e  c r e v a s s e  took p l a c e  q u i c k l y  a s  a  r e s u l t  

of t h e  c r e a t i o n  of an enormous g r a d i e n t  advantage ( 5 . 6  m/km a t  f l o o d  

s t a g e  through t h e  c r e v a s s e  v e r s u s  0.004 m / k m  a t  f l o o d  s t a g e  through 

t h e  p a s s e s ;  Morgan 1977) .  By 1840 t h e  c r e v a s s e  was 400 m wide and 

18 m deep.  Scour from s t r o n g  c u r r e n t s  dominated n e a r  t h e  c r e v a s s e ,  

bu t  r a p i d  subaqueous s e d i m e n t a t i o n  dominated i n  t h e  bay.  Within  6  y e a r s  

new l a n d  was deve lop ing  a t  a  r a t e  unequaled by any of t h e  o t h e r  M i s s i s s i p p i  
2  

R i v e r  s u b d e l t a s  ( 7 . 0  km /yr!. 

76. The f i r s t  a c c u r a t e  map f o l l o w i n g  t h e  c r e v a s s e  opening w a s  

produced i n  1845 and showed 4 4 . 0  kmz of s u b a e r i a l  l and  ( F i g u r e  23A). 
2  

By 1875, 254.2 km of l and  had formed, e x t e n d i n g  17.4  km i n t o  West Bay. 

Approximately 86 p e r c e n t  of t h e  t o t a l  s u b a e r i a l  d e l t a  developed between 

1845 and 1875. I n  1875 t h e  f i r s t  s i g n s  of d e t e r i o r a t i o n  a p p e a r e d ,  and 

s u b a e r i a l  l and  diminished u n t i l  1905 ( F i g u r e  23A). A s h a r p  r e v e r s a l  

i n  d e t e r i o r a t i o n  occur red  i n  1905, and a  new p u l s e  o f  growth added a n  
2 

a d d i t i o n a l  71.4 km . D e t e r i o r a t i o n  began a g a i n  i n  1932 (average  of 
2 

4 . 1  km / y r )  and con t inued  u n t i l  a  second p u l s e  of sediments  added 17 .3  
2 

km between 1971 and 1978. With one minor e x c e p t i o n ,  l i n e a r  growth 

con t inued  throughout  bo th  c y c l e s  o f  s u b a e r i a l  growth and d e t e r i o r a t i o n  

i n  t h e  West Bay s u b d e l t a  ( F i g u r e  23B). 

77.  Development of t h e  West Bay s u b d e l t a  i s  shown d iagrammat ica l ly  

i n  F i g u r e  24. E a r l y  i n  t h e  s u b a e r i a l  growth (1845) f low was d i v i d e d  

through f o u r  main c h a n n e l s .  By t h e  e a r l y  1900; two of t h e s e  c h a n n e l s  

had comple te ly  s e a l e d  and two remained p a r t l y  open. Flow was c o n c e n t r a t e d  

down Grand P a s s ,  t h e  l a r g e s t  of t h e  d i s t r i b u t a r i e s .  D e t e r i o r a t i o n  i n  

1922 was c a u s i n g  smal l  ponds t o  open,  p r i m a r i l y  a t  t h e  mouth of Grand 

P a s s .  The l a r g e  number of abandoned c h a n n e l s  can be recognized  a s  s o l i d  

l i n e s  de tached  from t h e  a c t i v e  channe l  system. The wes te rn  s h o r e l i n e  

remained smooth and r e g u l a r  a s  a  r e s u l t  o f  s h e l t e r i n g  from marine  p r o c e s s e s .  

Subsidence r e s u l t e d  i n  t h e  l o s s  of t h e  s o u t h e r n  h a l f  of t h e  West Bay 

subde l  r a  by 1978. 

78. Es t imates  of volume f i l l  show, a s  i n  t h e  c a s e  o f  t h e  o t h e r  
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Figure  23. L inear ,  a r e a l ,  and volume curves f o r  t h e  West Bay subde l t a  



WEST BAY 

Figure 24. Sequential development of the West Bay subdelta (constructed 
from C&GS charts and aerial photographs) 

subdeltas, a continuous input of sediments into the bay throughout the 
3 entire life cycle. The maximum rate of volume growth was 0.044 km /yr; 

3 total volume was 3.3 km . According to Coleman (1976), at least three 

complete cycles of progradation and abandonment have occurred in the 

area of the present West Bay subdelta. 

Garden Island Bay 

79. The Garden Island Bay subdelta, utilizing approximately 4 



p e r c e n t  o f  t o t a l  f low from t h e  M i s s i s s i p p i  R iver ,  developed a  s u b a e r i a l  

land mass t h a t  was twice  t h e  s i z e  of t h e  B a p t i s t e  C o l l e t t e  ( F i g u r e  1 8 ) .  

B u i l d i n g  t o  t h e  s o u t h e a s t  between Pass  a  Lout re  and South P a s s ,  i t  f i l l e d  

t h e  sha l low ( <  4  m) Garden I s l a n d  Bay between 1891 and 1922. The l i f e  

c y c l e  o f  t h i s  s u b d e l t a  h a s  been t h e  s h o r t e s t  o f  t h e  f o u r  M i s s i s s i p p i  

River  s u b d e l t a s ;  u n l e s s  man i n t e r v e n e s ,  t h e  Garden I s l a n d  Bay s u b d e l t a  

w i l l  r e v e r t  t o  open wate r  w i t h i n  25 y e a r s .  

80 .  D e t a i l s  o f  t h e  e a r l y  c r e v a s s e  system t h a t  i n i t i a t e d  s u b d e l t a  

growth,  summarized by Morgan from USACOE (1898) and Dent (1921) ,  a r e  

provided below. I n  1872 t h e  l o c a t i o n  o f  t h e  P a s s  a  Lout re  c r e v a s s e  

l e a d i n g  i n t o  Garden I s l a n d  Bay was marked by a  d i t c h  1 m wide and 200 m 

long .  The d i t c h  widened r a p i d l y  beg inn ing  i n  January  1891 a s  a  r e s u l t  

o f  n a t u r a l  p r o c e s s e s ,  and by J u l y  1891 t h e  c r e v a s s e  was 260 m wide and 

had reached a  depth  o f  7 .5  m. Attempts t o  c l o s e  t h e  developing c r e v a s s e  

sys tem were u n s u c c e s s f u l ,  and by August 1892 t h e  c r e v a s s e  was 500 m 

wide. Within  1 y e a r ,  J u l y  1893, t h e  channe l  had extended 1000 m i n t o  

Garden I s l a n d  Bay and was beyond a r t i f i c i a l  c o n t r o l .  The c r e v a s s e  had 

widened t o  680 m by November 1896, and t h e  f i r s t  s u b a e r i a l  land was 

recorded  i n  1903. Between 1903 and t h e  su rvey  o f  1914 s u b a e r i a l  d e p o s i t s  

extended 10.8 km i n t o  t h e  bay ( F i g u r e  25) .  

81.  The s h a r p e s t  s u b a e r i a l  growth occur red  between 1914 and 1922 
2  

a t  an  average  r a t e  o f  6 .9  km / y r .  The h i g h e s t  p o i n t  on t h e  growth curve  

was reached  i n  1922, on ly  31 y e a r s  a f t e r  t h e  c r e v a s s e  opened ( F i g u r e  

25A). During t h e  ensu ing  24 y e a r s  (1922-1946) an o v e r a l l  ba lance  between 

s e d i m e n t a t i o n  and subs idence  l e d  t o  a  p e r i o d  o f  s t a b i l i z a t i o n  c h a r a c t e r i z e d  

by a  s l i g h t  l o s s  i n  s u b a e r i a l  land b u t  a s l i g h t  g a i n  i n  l i n e a r  con tour  
Z 

advancement. Rapid d e t e r i o r a t i o n  began i n  1946, averag ing  2.0 km Iyr 
between 1946 and 1971. A s  i n  t h e  c a s e  o f  t h e  o t h e r  t h r e e  s u b d e l t a s ,  

a  s u b s t a n t i a l  g a i n  i n  s u b a e r i a l  l and  was recorded  between 1971 and 1978 

( F i g u r e  25A). 

82 .  F i g u r e  26 shows t h e  appearance o f  Garden I s l a n d  Bay between 

1838 and 1971. An i n t e r e s t i n g  o b s e r v a t i o n  i s  t h a t  1922 marks t h e  maximum 

s u b a e r i a l  growth ( F i g u r e  25A), y e t  d e l t a i c  sediments  i n  1971 extended 

over  a  l a r g e r  a r e a  and showed a d d i t i o n a l  growth; a s  t h e  d i s t a l  s u b a e r i a l  
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F i g u r e  25. L i n e a r ,  a r e a l ,  and volume c u r v e s  f o r  t h e  Garden 
I s l a n d  Bay s u b d e l t a  





d e l t a  cont inued t o  grow, t he  proximal s u b a e r i a l  d e l t a  r eve r t ed  t o  open 

water through r ap id  subsidence.  The r a t e  of volume f i l l ,  based on d a t a  
3  

from t h r e e  surveys,  shows a  s teady inc rease  a t  0.004 km Iyr from 1891 

t o  1971 (F igure  25B). Linear  growth r a t e s  were h ighes t  immediately 

fol lowing the  c revasse  break (0.42 km/yr up t o  1914) bu t  began t o  dimin- 

i s h  a s  the d e l t a  f i l l e d  out  s u b a e r i a l l y  between 1914 and 1922. 

Summary of Mis s i s s ipp i  River  s u b d e l t a s  

8 3 .  Resul t s  of  t he  map a n a l y s i s ,  toge ther  with an ex tens ive  review 

of published and unpublished r e p o r t s ,  i n d i c a t e  t h a t  f i v e  f e a t u r e s  a r e  

common t o  t he  M i s s i s s i p p i  River subdel tas :  ( a )  i n i t i a t i o n  of  growth by 

a  c revasse  o r  break i n  t he  n a t u r a l  levee sys tem;(b)  a  well-defined l i f e  

cyc l e  t h a t  inc ludes  both growth and d e t e r i o r a t i o n ;  ( c )  a  l i f e  of approxi- 

mately  115 t o  175 y e a r s ;  (d)  con t inuous  i n f i l l i n g  and l i n e a r  growth 

throughout  t h e  d e s t r u c t i o n a l  phase  of t h e  s u b a e r i a l  l i f e  c y c l e ;  and ( e )  a  

new p u l s e  of s u b a e r i a l  growth between t h e  s u r v e y s  of 1971  and 1978. 

84. Although i n i t i a t i o n  of  growth i n  each of t h e  Mis s i s s ipp i  

River subdel tas  was a  r e s u l t  of a  break t h a t  took r i v e r f l o w  over  and 

through prev ious ly  depos i ted  n a t u r a l  l evee  sediments,  t h i s  process  was 

aided by man's a c t i v i t i e s  i n  t h r ee  of the  subde l t a s .  A r t i f i c i a l  c u t s  

i n  Cubi ts  Gap, West Bay, and Garden I s l and  Bay enhanced the  n a t u r a l  

c revasse  process  by providing a  weak l i n k  i n  the  levee system. A pa r t i cu -  

l a r l y  dramatic example i s  t he  a r t i f i c i a l  c u t  t h a t  led t o  the  Cubits  

Gap c revasse  i n  1862. However, h i s t o r i c a l  records  suggest  t h a t  t he  

breaks  occurred during r i s i n g  f l o o d w a t e r s  and t h a t  once i n i t i a t e d ,  

they were then beyond the  c o n t r o l  of man. The gene ra l  p a t t e r n  i n  t h e  

c r evas se  i s  one of i n i t i a l  scour t h a t  forms a  channel 5-40 m deep which, 

a f t e r  10-30 years ,  begins  t o  shoa l .  Whereas scour  occurs  through the  

c revasse  break,  l a r g e  volumes of sediments a r e  c a r r i e d  i n t o  t he  i n t e r -  

d i s t r i b u t a r y  bays t o  provide a  base f o r  s u b a e r i a l  land.  Subaer ia l  land 

becomes e s t a b l i s h e d  a f t e r  repea ted  b i f u r c a t i o n s  and t h e  development 

of an organized channel p a t t e r n .  

85. Figure 27 shows on a  s i n g l e  p l o t  t he  c y c l i c  n a t u r e  of the  

four  Mis s i s s ipp i  River subde l t a s ;  each cyc le  cons i s t ed  of growth followed 
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Figure  27. Composite s u b a e r i a l  growth curve, Mis s i s s ipp i  River subde l t a s .  
T o t a l  s u b a e r i a l  land determined from averages a t  5-year i n t e r v a l s  

by d e t e r i o r a t i o n .  Two of t h e  subde l t a s ,  B a p t i s t e  C o l l e t t e  and Garden 

I s l a n d  Bay, showed a  per iod of s t a b i l i z a t i o n  of 12 t o  24 yea r s ,  and 

t h e  West Bay subdel ta  displayed a  double peak spanning 57 yea r s .  The 

t o t a l  s u b a e r i a l  land from these  four  subdel tas ,  averaged a t  5-year i n t e r v a l s ,  
2 

shows 622.5 km a t  t he  peak of development. I n  1945 t h e  onset  of d e t e r i o -  

r a t i o n  began ab rup t ly .  

86. The l i f e  cyc l e  of the  Mis s i s s ipp i  River subde l t a s  i s  on the  

o rde r  of 115-175 yea r s  su able 3 ) .  Extending t o  t he  X-axis,the presen t  

t r ends  i n  d e t e r i o r a t i o n  i n d i c a t e  t h a t  subae r i a l  land should remain 

f o r  another  17-34 yea r s .  These p ro j ec t i ons  were c a r r i e d  out  ignoring 

t h e  renewed growth i n  each subdel ta  between 1971 and 1978. Presen t  

t r ends  suggest t h a t  t he se  growth pu l se s ,  the  f i r s t  i n  some 50 yea r s ,  

a r e  simply a  p e r t u r b a t i o n  on the  o v e r a l l  d e s t r u c t i o n a l  phase. Although 



s u b a e r i a l  growth d i d  n o t  b e g i n  u n t i l  10-15 y e a r s  a f t e r  t h e  c r e v a s s e s  

opened, t h e  l i f e  of each o f  t h e  s u b d e l t a s  was i n i t i a t e d  a t  t h e  t ime 

sediment  was in t roduced  t o  t h e  i n t e r d i s t r i b u t a r y  bay.  Thus t h e  f i r s t  

10-15 y e a r s  were a  p e r i o d  of subaqueous expansion.  Whereas no s y s t e m a t i c  

p a t t e r n  between r a t e  o f  growth and r a t e  o f  d e t e r i o r a t i o n  cou ld  be  d e t e c t e d ,  

once t h e  primary d i s t r i b u t a r i e s  had developed,  p r o g r a d a t i o n  reached 
2  

i t s  maximum (1.1-7.0 km / y r ) .  Average r a t e s  o f  s u b a e r i a l  growth and 
2  d e t e r i o r a t i o n ,  based on d a t a  p l o t t e d  i n  F igure  27, were 2 .1  km / y r  and 

L 2.6  km / y r ,  r e s p e c t i v e l y .  

87.  The p l o t s  i n  F i g u r e s  19 ,  21, 23, and 25, t o g e t h e r  w i t h  d a t a  

summarized i n  Table  3 ,  show t h a t  throughout  t h e  f u l l  c y c l e  o f  growth 

and d e t e r i o r a t i o n ,  t o t a l  volume and t h e  l i n e a r  growth o f  s u b d e l t a  sediments  

c o n t i n u e  t o  i n c r e a s e .  I n  every  c a s e ,  t h e  maximum r a t e  o f  con tour  advance- 

ment i s  d u r i n g  t h e  e a r l y  p a r t  of s u b a e r i a l  growth and l a s t s  25 t o  30 

y e a r s .  As channe l s  become overextended and t h e  d i s c h a r g e  g r a d i e n t  i s  

l o s t  o r  b i f u r c a t i o n s  cause  development of t o o  many o u t l e t s ,  r a p i d  d e t e r i o -  

r a t i o n  occurs ;  t h e  1959 d i s c h a r g e  g r a d i e n t s  o f  0.1-0.05 m/km (Tab le  

3 )  were i n s u f f i c i e n t  t o  b u i l d  s u b a e r i a l  l and .  D e c e l e r a t i o n  o f  con tour  

advancement o r d i n a r i l y  occurs  a t  o r  b e f o r e  t h e  peak of s u b a e r i a l  l and .  

Data were i n s u f f i c i e n t  t o  c o r r e l a t e  r a t e  o f  volume f i l l  w i t h  r a t e  o f  

s u b a e r i a l  growth; however, a s  a  p o i n t  of i n t e r e s t ,  t h e  r a t e  o f  volume 

f i l l  i n  two of  t h e  s u b d e l t a s  ( B a ~ t i s t e  C o l l e t t e  and West B ~ Y )  i n c r e a s e d  

d u r i n g  t h e  d e s t r u c t i o n a l  phase .  

Atchafa laya  River  D e l t a s  

88.  R e s u l t s  o f  t h e  LANDSAT a n a l y s i s  p rov ide  t h e  r a t e s  and p a t t e r n s  

o f  growth f o r  d e l t a s  i n  A t c h a f a l a y a  Bay s i n c e  s u b a e r i a l  emergence i n  

1973. F i g u r e  28 shows a  p l o t  o f  s u b a e r i a l  l and  i n  t h e  Wax Lake and 

Lower Atchafa laya  River  d e l t a s ,  beg inn ing  wi th  t h e  f l o o d  y e a r  1972-1973. 

Each d a t a  p o i n t  r e p r e s e n t s  t h e  amount o f  s u b a e r i a l  l and  a t  mean s e a  

l e v e l  f o r  f l o o d  y e a r s  a s  d e f i n e d  i n  F i g u r e  7.  Although d a t a  a r e  p l o t t e d  

a t  midyear p o s i t i o n s  i n  F i g u r e  28,  t h e y  should be  c o n s i d e r e d  a s  averages  

f o r  t h e  r e s p e c t i v e  f lood  y e a r s .  
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Figure  28. Growth curves f o r  t o t a l  s u b a e r i a l  land,  Lower Atchafalaya 
River  O u t l e t  and Wax Lake O u t l e t .  Es t imates  f o r  average s u b a e r i a l  land 
f o r  1980-1981 (dashed l i n e s )  taken from l e a s t  squares  b e s t  f i t  t o  a l l  
d a t a ,  average f o r  1975-1980 f lood  yea r s ,  and observed land i n  1980 t o  
1 9 8 1  f l o o d  year  

89. The most obvious observa t ion  i s  t h a t  growth of t o t a l  s u b a e r i a l  

land has  been ep i sod ic .  Major pu lses  of  sedimentat ion occurred f o r  

t h e  f i r s t  4 yea r s  a f t e r  t he  1972-1973 f lood year  and aga in  during the  

1979-1980 f lood year .  Subae r i a l  land was l o s t  between t h e  1976-1977 

and 1978-1979 f lood yea r s  and aga in  fol lowing the  1979-1980 f lood yea r .  
2 

Maximum r a t e  of growth occurred during f lood  year  1979-1980 (12.3 km / y r ) ,  
2 

and maximum r a t e  of land l o s s  occurred t h e  fol lowing yea r  (7 .9  km / y r ) .  

90. I f  t he  curve f o r  t h e  t o t a l  growth i n  Atchafalaya Bay i s  d iv ided  

i n t o  i t s  two components, t he  Wax Lake and Lower Atchafalaya River De l t a s ,  

then  i t  becomes ev ident  t h a t  t h e  Lower Atchafalaya River De l t a  c o n t r o l s  

t he  s u b a e r i a l  growth r a t e s  and t h a t  t h e  Wax Lake Del ta  behaves i n  a  



s l i g h t l y  d i f f e r e n t  fash ion .  A t  p r e sen t  t h e  Wax Lake Del ta  r e p r e s e n t s  

17 percent  of s u b a e r i a l  land observed i n  t h e  1980-1981 f lood year  and 

10 percent  of  s u b a e r i a l  land i f  averaged over t h e  l a s t  6 yea r s .  The 

Wax Lake Del ta  has never undergone s u b s t a n t i a l  l o s s  of s u b a e r i a l  land 

and has  cont inued t o  grow throughout t h e  per iod of r ap id  land l o s s  i n  

t he  Lower Atchafalaya River  Del ta  i n  1980-1981. Re la t i ve  t o  i t s  s i z e ,  

t h e  Wax Lake Del ta  is  now growing f a s t e r  than the  Lower Atchafalaya 

River  De l t a .  Within t h e  Lower Atchafalaya River Del ta ,  70 percent  of  

t he  s u b a e r i a l  land i s  west of the  nav iga t ion  channel when observed a t  

mean sea  l e v e l .  

91. Three e s t ima te s  f o r  t he  r e p r e s e n t a t i v e  amount of land i n  

Atchafalaya Bay a s  of t h e  1980 base year  a r e  shown i n  F igure  28 a s  dashed 

l i n e s .  The f i r s t  i s  simply the  amount of  land observed from LANDSAT 
2 images during the  1980-1981 f lood y e a r  (20.8 km ). The second e s t i m a t e  

2 i s  an average f o r  t he  l a s t  6 yea r s  beginning i n  1975 (21.5 km ) .  The 

t h i r d  va lue  i s  from a l e a s t  squares  b e s t  f i t ,  forced through the o r i g i n  
2 

(1972-1973 f lood  yea r ) ,  t h a t  i n d i c a t e s  a t o t a l  of 28.8 km . Based on 

these  t h r e e  e s t ima te s ,  average r a t e s  of  growth a r e  2.6,  2.7, and 3.6 
2 

km / y r  f o r  t h e  observed, averaged, and l e a s t  squares  de te rmina t ions ,  

r e s p e c t i v e l y .  

92. A e r i a l  photographs and photomosaics show t h a t  t he  d e l t a s  

have grown by producing pa rabo l i c  lobes of s i l t  and f i n e  sand t h a t  r a d i a t e  

ou t  from t h e  network of branching d i s t r i b u t a r i e s  (F igure  29).  The d e l t a  

lobes have evolved from shallow dis t r ibutary-mouth bar  sands t h a t  achieved 

an e l e v a t i o n  above mean sea  l e v e l  during major f loods .  The p a t t e r n  

of development shows a t  l e a s t  s i x  l e v e l s  of  b i f u r c a t i o n  s ince  the  f i r s t  

major s p l i t  i n  the  main channel before  t he  emergence of subae r i a l  land 

i n  1973. During the  1974 f lood ,  the  e a s t e r n  branch began t o  b i f u r c a t e ,  

thus  producing second- and th i rd-order  d i s t r i b u t a r i e s .  This  process  

continued i n  1975 and again i n  1979 a s  the  d e l t a  lobes extended themselves 

seaward. Rates  of contour  advancement have ranged from 0 t o  0.40 kmlyr. 

On the  western branch of t he  main channel ,  t he  lower navigat ion channel ,  

s p o i l  mounds were r e d i s t r i b u t e d  by f loodwate rs  t o  produce s i m i l a r  p a t t e r n s  

of channels  and emergent d e l t a  lobes ,  



Figure  29. Photomosaic of  Lower Atchafalaya 
River  De l t a ,  1 2  October 1976,  showing l e v e l s  
of b i f u r c a t i o n  



PART I V :  DISCUSSION 

93. Resu l t s  of t h e  gene r i c  a n a l y s i s  i n d i c a t e  t h a t  d e l t a s  through- 

ou t  t h e  world which are s i m i l a r  t o  t h e  d e l t a s  i n  Atchafalaya Bay 

(a )  d i sp l ay  a  l i f e  cyc l e  t h a t  inc ludes  bo th  growth and d e t e r i o r a t i o n ,  

(b) develop by b u i l d i n g  lobes  o r  subde l t a s  through t h e  process  of 

c r evas s ing ,  and (c )  grow p r imar i l y  by channel ex tens ion  and b i f u r c a t i o n ,  

which inc ludes  t h e  formation and development of a  midchannel bar .  

The L i f e  Cycle 

9 4 .  The d e l t a s  considered i n  t h i s  s tudy  have l i f e  cyc les  t h a t  

range i n  d u r a t i o n  from a low of 100 years  i n  Lake Maracaibo to  a  high 

of 1000-3000 yea r s  i n  t h e  subde l t a s  of t h e  Danube River .  The bes t  exam- 

p l e s  of t h e  l i f e  cyc le  a r e  given by t h e  M i s s i s s i p p i  River subde l t a s ,  

a s  summarized below. During t h e  prograda t iona l  phase of development 

i n  a  subde l t a  of t h e  M i s s i s s i p p i  River system, a c t i v e  growth w i l l  com- 

mence a f t e r  c r evas s ing  takes  place (Figure 30) b u t ,  a s  F igures  19-26 

show, not a t  a  cons tan t  r a t e .  An i n i t i a l  break i n  a  n a t u r a l  d i s t r i b u t a r y  

levee du r ing  f l ood  s t a g e  w i l l  produce d e p o s i t s  of coarse  sediment i n  

t he  v i c i n i t y  of t h e  break. Fine-grained sediments i n f i l l  t h e  bay a r e a ,  

b u i l d i n g  up a  p la t form f o r  f u r t h e r  channel p rograda t ion .  A t  some p o i n t  

i n  t he  subaqueous i n f i l l i n g  process ,  channel development by a  wel l -  

organized p a t t e r n  of b i f u r c a t i o n s  t akes  p l a c e ,  and both  prograda t ion  and 

a r e a l  e x t e n t  of t h e  s u b a e r i a l  d e l t a  w i l l  i n c r e a s e  r ap id ly .  As more 

and more channels  form and begin  t o  func t ion ,  p rograda t ion  r a t e  and 

new land a d d i t i o n  w i l l  d iminish.  F i n a l l y ,  land ga in  and land  l o s s  (by 

subsidence and sea- leve l  r i s e )  w i l l  reach a  p o i n t  of  ba lance .  Marsh 

growth t h a t  t y p i c a l l y  covers t h e  b a y - f i l l  sediments w i l l  at tempt t o  

keep pace w i th  e ros ion  and compaction. Eventually,  t h e  marsh can no 

longer  main ta in  i t s  growth r a t e  t o  keep up with processes  of subsidence,  

and t h e  marsh cover  w i l l  begin t o  open i n t o  many small  l akes  and bays 

(F igure  31) .  Inundat ion  by marine waters  w i l l  then cause t h e  complex 

t o  r e v e r t  t o  a  shallow marine bay environment, t hus  completing one i n f i l l -  

i ng  and abandonment cyc le .  



Figure  30. Crevasse channels  extending a c r o s s  n a t u r a l  l evees  i n t o  an 
i n t e r d i s t r i b u t a r y  bay, M i s s i s s i p p i  R ive r  Del ta .  Note t h e  formation 
of a  l a r g e  d e l t a  lobe a t  t he  po in t  of b i f u r c a t i o n  on one of t h e  c r evas se s  

95. Every d e l t a  t h a t  was examined i n  t h e  gene r i c  a n a l y s i s  grew 

by developing l o b a t e  f e a t u r e s  t h a t  r a p i d l y  gained s u b a e r i a l  exposure 

and,  w i t h  one except ion  (Catatumbo D e l t a ) ,  were t h e  r e s u l t  of t h e  forma- 

t i o n  of c revasse  sp l ays .  The formation of broad parabol ic  d e l t a  lobes  

appears  t o  be r e s t r i c t e d  t o  d e l t a s  such a s  t h e  Atchafalaya River  d e l t a  

t h a t  a r e  bu i ld ing  i n t o  shallow r ece iv ing  bas in s .  Upstream of t h e i r  

modern-day d e l t a s  , most of t h e  r i v e r s  had undergone n a t u r a l  d ivers ions  

during h i s t o r i c  times: t h e  T r i n i t y  River  switched t o  t h e  e a s t  s i d e  of 

t h e  T r i n i t y  Val ley 500-800 yea r s  ago; the  Danube River  s h i f t e d  from 

t h e  Gheorghe t o  t h e  Su l ina  and C h i l i a  d i s t r i b u t a r i e s  du r ing  t h e  l a s t  



F i g u r e  31.  D e t e r i o r a t i o n  of  marsh i n  t h e  C u b i t s  Gap s u b d e l t a .  L i f e  
expec tancy  of t h e  s u b d e l t a  t h a t  remains i s  l e s s  t h a n  25 y e a r s  

6000 y e a r s ;  and t h e  Cataturnbo D e l t a  formed a f t e r  f low s h i f t e d  from t h e  

Rio  Bravo and R i o  Bobo c h a n n e l s  70 km upst ream of  t h e  p r e s e n t  d e l t a .  

Moreover, s u b d e l t a s  have been s t a c k e d  v e r t i c a l l y  through t i m e  and can  

c o a l e s c e  t o  form con t inuous  l a n d  of enormous p r o p o r t i o n s .  

96.  The l o s s  of  s u b a e r i a l  l and  i n  West Bay f o r  a t  l e a s t  22 y e a r s  

p r i o r  t o  t h e  1839 c r e v a s s e  opening ( F i g u r e  23)  i s  an  example of t h e  

r e p e t i t i v e  n a t u r e  o f  s u b d e l t a s .  S u b a e r i a l  l and  i n  West Bay i n  t h e  e a r l y  

1800s was most l i k e l y  a  remnant of a  p rev ious  s u b d e l t a  i n  i t s  f i n a l  

s t a g e s  of  d e t e r i o r a t i o n .  Examples of  t h e  merging of  i n d i v i d u a l  l o b e s  

a r e  shown b e s t  by t h e  Colorado D e l t a ,  where f o u r  l o b e s  coa lesced  between 

1929 and 1941 ( F i g u r e  1 0 ) ;  t h e  C u b i t s  Gap and B a p t i s t e  C o l l e t t e  s u b d e l t a s ,  

which came t o g e t h e r  between 1922 and 1932 ( F i g u r e s  19-22); and t h e  Danube 



D e l t a ,  where f i v e  l o b e s  have produced 5000 km2 of  s u b a e r i a l  l and  i n  

6000 y e a r s  ( F i g u r e  1 9 ) .  Thus what one s e e s  a t  an i n s t a n t  i n  t ime may 

be t h e  r e s u l t  o f  many sediment p u l s e s  o r  d e p o s i t i o n a l  e v e n t s .  The impl i -  

c a t i o n  t o  t h e  two Atchafa laya  River  d e l t a s  is  t h a t  t h e  c o n f i g u r a t i o n  

o f  l and  i n  t h e  f u t u r e  may n o t  be  a  s imple  seaward e x t e n s i o n  of each 

d e l t a  a s  we see  i t  today.  

9 7 ,  L i f e  c y c l e s  of t h e  d e l t a s  examined i n  t h i s  a n a l y s i s  appear  

t o  be independent  o f  r i v e r  d i s c h a r g e  a l o n e  bu t  h i g h l y  dependent on _ .  

a complicated r e l a t i o n s h i p  between r i v e r  and sediment d i s c h a r g e ,  develop- 

ment of d i s t r i b u t a r y  channe l s ,  sea  l e v e l  r i s e ,  subs idence ,  and man's 

a c t i v i t i e s .  T h i s  r e l a t i o n s h i p  cannot be  q u a n t i f i e d  b u t  can be  e a s i l y  

unders tood i n  a  q u a l i t a t i v e  f a s h i o n .  I n  a  d e l t a  wi th  v e r y  r a p i d  s u b s i -  

dence,  a s  i n  any of t h e  f o u r  M i s s i s s i p p i  R iver  s u b d e l t a s ,  t h e  c e s s a t i o n  

of sediment d e l i v e r y  a s  a  r e s u l t  of a r t i f i c i a l  l e v e e s ,  a  n a t u r a l  d i v e r -  

s i o n ,  o r  t h e  s e a l i n g  o f  a  c r e v a s s e  opening w i l l  cause  ( i n i t i a t e )  d e t e r i o -  

r a t i o n  w i t h i n  perhaps  10 y e a r s ,  F u r t h e r ,  i f  subs idence  i s  on t h e  o r d e r  

o f  l cm/yr, then  t h e  d e l t a  may e v e n t u a l l y  d e t e r i o r a t e  even wi thou t  a  

major change i n  main stem d i s c h a r g e  o r  i n  c r o s s - s e c t i o n a l  a r e a  of t h e  

c r e v a s s e .  

98 .  The pr imary r e a s o n  f o r  n a t u r a l  d e t e r i o r a t i o n  when subs idence  

r a t e s  a r e  moderate t o  high i s  t h e  l o s s  o f  c r i t i c a l  s t r eam g r a d i e n t  a t  

a  t ime when smal l  channe l s  a r e  forming a  complex and i n e f f i c i e n t  network 

f o r  d e l i v e r i n g  sed iments ,  Th i s  appears  t o  be p a r t  o f  t h e  reason  f o r  

d e t e r i o r a t i o n  of t h e  Guadalupe D e l t a ,  which began t o  l o s e  l and  a t  l e a s t  

SO y e a r s  ago.  The Guadalupe Del ta  i s  an  example o f  a  system t h a t  has  

been re1a t ive l .y  u n a l t e r e d  by man and t h a t  h a s  main ta ined  a  cont inuous  

r i v e r  d i s c h a r g e .  Ac t ive  growth ceased over  100 y e a r s  ago,  w e l l  b e f o r e  

t h e  f i r s t  f l o o d - c o n t r o l  s t r u c t u r e s  were b u i l t  i n  1954. Two-thirds of 

t h e  sediments  a r e  now going i n t o  t h e  T r a y l o r  Cut s u b d e l t a ,  an a r e a  t h a t  

r e p r e s e n t s  on ly  2 p e r c e n t  o f  t h e  t o t a l  s u b a e r i a l  d e l t a .  Although i t  

i s  unknown whether o r  not  t h i s  a r t i f i c i a l  c u t  i n i t i a t e d  e r o s i o n  on much 

of t h e  d e l t a ,  i t  i s  known t h a t  t h e  d e l t a  i s  e r o d i n g  and p rograd ing  simul- 

t aneous ly .  

99 .  The Colorado and T r i n i t y  D e l t a s  a r e  both  d e t e r i o r a t i n g ,  b u t  



both have been a l t e r e d  s u b s t a n t i a l l y  by man. The Colorado Del ta  i s  

an e x c e l l e n t  example of t h e  d i s r u p t i o n  i n  growth behind a  b a r r i e r  a f t e r  

t h e  naviga t ion  channel was leveed and the  b a r r i e r  was breached. Sediment 

began d ischarg ing  o f f sho re  i n  1936 when a  channel was c u t  through Matagorda 

Peninsu la  and ceased t o  d i scharge  i n t o  t he  bay when l evees  were cons t ruc ted  

i n  1941. Sediment d i scharge  has  been i n s u f f i c i e n t  t o  b u i l d  a  new marine 

d e l t a  seaward of Matagorda Peninsula .  The T r i n i t y  De l t a  ceased t o  grow 

a f t e r  i t  prograded ac ros s  T r i n i t y  Bay and the naviga t ion  channel was 

dredged t o  r e d i r e c t  water  t o  t he  southwest.  A s  i n  t he  ca se  of the  Colorado 

Del ta ,  sediment then began bypassing e x i s t i n g  d e l t a i c  depos i t s  f o r  deeper 

water .  The lack of open marine condi t ions  w i l l  a l low shoa l ing  t o  cont inue 

i n  upper T r i n i t y  Bay, and small  amounts of l o c a l i z e d  s u b a e r i a l  p rograda t ion  

w i l l  t ake  p lace  s imultaneously with t he  o v e r a l l  process  of d e t e r i o r a t i o n .  

100. D e t e r i o r a t i o n  of t h e  Mis s i s s ipp i  River subde l t a s  has  been 

the  cause f o r  much specu la t i on  i n  r ecen t  years .  Cons t ruc t ion  of a r t i -  

f i c i a l  levees  and ex tens ion  of  t h e  Ba l i ze  Del ta  t o  the  s h e l f  edge a r e  

u s u a l l y  c i t e d  a s  reasons  f o r  t h e  l o s s  of  s u b a e r i a l  land.  However, a r t i -  

f i c i a l  l evees  end upstream of the  four  a c t i v e  subde l t a s  and thus do 

n o t  prevent  sediments from e n t e r i n g  t h e  subde l t a  system." Moreover, 

t he  Mis s i s s ipp i  River  De l t a  was approaching the  s h e l f  edge wel l  before  

t h e  abrupt  onse t  of  d e t e r i o r a t i o n  t h a t  began i n  1945 (F igure  27).  A t -  

tempts t o  expla in  l o s s  of s u b a e r i a l  land by r e l a t i n g  average d i scharge  

t o  t he  l i f e  cyc l e s  o f  subde l t a s  have proved somewhat d i sappoin t ing .  

F igure  32 shows growth and d e t e r i o r a t i o n  of each subde l t a ,  t oge the r  

w i th  a  composite of a l l  subde l t a s ,  and a  superimposed 7-year moving 

average of r i v e r  d i scharge  (Vicksburg s t a t i o n ) .  The o v e r a l l  behavior  

of  t he  subde l t a s  can be c o r r e l a t e d  t o  r i v e r  d i scharge  i n  four  i n s t ances .  

101. F i r s t ,  the  composite curve f o r  a l l  subde l t a s  i n d i c a t e s  t h a t  

t h e  i n i t i a t i o n  of growth occurred during a  per iod of  high d ischarge  

from 1840 t o  1852. However, t h i s  can be a t t r i b u t e d  almost e n t i r e l y  

* S i l l s  ac ros s  the  c r evas se  openings may prevent  bed-load sediments 
from e n t e r i n g  during low r i v e r  s t a g e  bu t  a r e  probably i n e f f e c t i v e  
during f lood s t a g e ,  when sands a r e  c a r r i e d  i n  suspension and overbank 
f looding  i s  common. 
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t o  growth of  t h e  l a r g e  West Bay s u b d e l t a .  Rapid growth c o n t i n u e d  d u r i n g  

h i g h e r  than  average d i s c h a r g e s  between 1858 and 1870. Second, a  p e r i o d  

o f  s t a b i l i z a t i o n  between 1875 and 1890, a g a i n  a  r e f l e c t i o n  p r i m a r i l y  

of  t h e  West Bay growth,  can be c o r r e l a t e d  reasonab ly  w e l l  w i t h  t h e  m i l d l y  

f l u c t u a t i n g  d i s c h a r g e  p a t t e r n s  between 1870 and 1890. Rapid growth 

con t inued  dur ing  a  p e r i o d  o f  v e r y  low d i s c h a r g e  from 1890 t o  1905, p re -  

c i s e l y  a t  a  t ime when e v e r y  s u b d e l t a  e x c e p t  West Bay was becoming w e l l  

e s t a b l i s h e d  (West Bay was l o s i n g  l a n d ) .  T h i r d ,  t h e  p e r i o d  of  s t a b i l i z a -  

t i o n  between 1930 and 1942 took p l a c e  d u r i n g  v e r y  low d i s c h a r g e s  o v e r  

t h e  same t ime p e r i o d .  With t h e  e x c e p t i o n  o f  h i g h  d i s c h a r g e s  between 

1942 and 1951, t h e  remainder  o f  t h e  d e t e r i o r a t i o n  curve  u n t i l  t h e  l a t e  

1960's occur red  d u r i n g  lower than  average d i s c h a r g e s .  F o u r t h ,  t h e  f i n a l  

p u l s e  o f  s e d i m e n t a t i o n  recorded  on each of  t h e  i n d i v i d u a l  s u b d e l t a s  

between 1971 and 1978 can be  c o r r e l a t e d  wi th  a  renewed p e r i o d  o f  h i g h  

d i s c h a r g e s  i n  t h e  1970's a s s o c i a t e d  w i t h  major f l o o d s  i n  1973, 1974, 

and 1975. 

102.  The b e s t  o v e r a l l  e x p l a n a t i o n  f o r  d e t e r i o r a t i o n  o f  t h e  sub- 

d e l t a s  i s  a  combinat ion of  t h r e e  r e a s o n s .  F i r s t ,  t h e  A t c h a f a l a y a  River  

h a s  been t a k i n g  p r o g r e s s i v e l y  more d i s c h a r g e  from t h e  M i s s i s s i p p i  R iver  

s i n c e  t h e  e a r l y  1900's. I n  9900, 87 p e r c e n t  of  t h e  t o t a l  f low below 

Old River  went down t h e  M i s s i s s i p p i  R i v e r ,  whereas by 1950 f low below 

Old River  had dec reased  t o  70 p e r c e n t .  Second, d redg ing  r e c o r d s  show 

a  f i n i n g  o f  t h e  bottom sed iments  i n  t h e  Lower M i s s i s s i p p i  R iver  between 

1932-1934 and t h e  p e r i o d  a f t e r  1965 (Keown, Dardeau, and Causey 1980) .  

Coarse  sed iment  n o t  r e a c h i n g  t h e  d e l t a  i s  p r e c i s e l y  t h e  m a t e r i a l  needed 

f o r  s u b a e r i a l  l a n d .  T h i r d ,  t h e  t o t a l  volume of  sed iments  t h a t  p o t e n t i a l l y  

make t h e i r  way t o  t h e  M i s s i s s i p p i  R i v e r  D e l t a  i s  r e p o r t e d  t o  have de- 

c r e a s e d  by 41 p e r c e n t  s i n c e  1963 (Keown, Dardeau, and Causey 1980) .  

Assuming t h e  above numbers t o  be  c o r r e c t ,  t h e  n e t  e f f e c t  s i n c e  t h e  e a r l y  

1 9 0 0 ' s  i s  50 t o  60 p e r c e n t  less sed iment  a v a i l a b l e  f o r  b u i l d i n g  new l a n d  

i n  t h e  l l i s s i s s i p p i  River  s u b d e l t a s .  However, t h e  cause  f o r  a b r u p t  d e t e r i -  

o r a t i o n  of  t h e  composi te  c u r v e  i n  1945 i s  s t i l l  unexp la ined .  

103.  The r o l e  o f  subs idence  i n  t h e  p r o c e s s  of  r a p i d  d e t e r i o r a t i o n ,  

whether  o r  no t  man has  modif ied  t h e  system, cannot  be overemphasized.  



Average r a t e s  of subs idence  i n  South Louis iana  range from 1 t o  4 cmIyr 

(Kolb and Van Eopik 1958; Swanson and Thurlow l 9 7 3 ) ,  mainly  because  

o f  compaction and dewate r ing  o f  r a p i d l y  d e p o s i t e d  sediments  t h a t  a r e  

no c o a r s e r  than  medium sands .  Sea- level  r i s e ,  o f t e n  i n c l u d e d  under 

t h e  heading "subsidenceeP because  o f  t h e  d i f f i c u l t y  i n  s e p a r a t i n g  t h e  

two, i s  c o n s i d e r a b l y  l e s s  important  i n  t h e  l o s s  of s u b a e r i a l  land over  

such s h o r t  t ime p e r i o d s .  E u s t a t i c  s e a - l e v e l  r i s e  o f  15-30 cm/century 

(Hicks  and Crosby 1974) accounts  f o r  approximately  10 p e r c e n t  of t h e  

t o t a l  subsidence r a t e .  

104. The f a c t  t h a t  t h e  t o t a l  volume of sediments  i n  every  s u b d e l t a  

h a s  con t inued  t o  i n c r e a s e  i r r e s p e c t i v e  of l o s s  i n  s u b a e r i a l  land i s  

c e r t a i n l y  a  d i r e c t  r e s u l t  o f  subs idence .  Assuming t h a t  r e p o r t e d  subs i -  

dence r a t e s  of 1-4 cm/yr a r e  r e a s o n a b l e ,  t h e n  1.15-9.0 m of subs idence  

w i l l  occur  d u r i n g  t h e  l i f e  o f  a  s u b d e l t a  (115-175 y e a r s ;  T a b l e  3 ) -  

I n  most c a s e s ,  t h e  amount of subs idence  over  t h e  l i f e  o f  a  s u b d e l t a  

exceeds  t h e  dep th  o f  t h e  r e c e i v i n g  b a s i n  p r i o r  t o  t h e  c r e v a s s e  opening.  

Whereas sed imenta t ion  may n o t  be s u f f i c i e n t  t o  keep pace wi th  subs idence ,  

i t  n e v e r t h e l e s s  c o n t i n u e s  t o  f i l l  t h e  s u b d e l t a  r e c e i v i n g  b a s i n s  a s  they 

s lowly r e v e r t  t o  open wate r .  The i n c r e a s e d  r a t e  o f  volume f i l l  d u r i n g  

s u b a e r i a l  d e t e r i o r a t i o n  of two of  t h e  s u b d e l t a s ,  B a p t i s t e  C o l l e t e  and 

West Bay, was t h e  r e s u l t  of a  s l i g h t  i n c r e a s e  i n  c r e v a s s e  d i s c h a r g e  

s i n c e  t h e  e a r l y  1900's (Tab le  3 ) .  

105,  Ra tes  of volume f i l l  and depth  o f  r e c e i v i n g  b a s i n s  a r e  impor- 

t a n t  because  wi thou t  t h i s  i n f o r m a t i o n  i t  would be d i f f i c u l t  t o  e x p l a i n  

t h e  s i z e  o f  t h e  s u b d e l t a s  r e l a t i v e  t o  t h e  pe rcen tage  o f  t o t a l  d i s c h a r g e  

through t h e i r  c r e v a s s e  openings .  For example, t h e  West Bay s u b d e l t a ,  

w i t h  a  d i s c h a r g e  one- th i rd  t o  one-half t h a t  o f  t h e  C u b i t s  Gap s u b d e l t a ,  

b u i l t  by f a r  t h e  l a r g e s t  M i s s i s s i p p i  R iver  s u b d e l t a  a t  t h e  h i g h e s t  average  

and h i g h e s t  maximum r a t e s  o f  s u b a e r i a l  growth (Tab le  3 ) .  T o t a l  volume 

of  t h e  West Bay s u b d e l t a  was on ly  s l i g h t l y  l e s s  than  t h a t  o f  t h e  C u b i t s  
3  

Gap s u b d e l t a  (3 .30 v e r s u s  3.50 km ). However, t h e  C u b i t s  Gap s u b d e l t a  

was f i l l i n g  t h e  deepes t  r e c e i v i n g  b a s i n  a t  t h e  h i g h e s t  average  r a t e  
3 

o f  sediment d e p o s i t i o n  (0.026 km I y r ) .  Although C u b i t s  Gap became t h e  

second l a r g e s t  s u b d e l t a ,  much of  t h e  sediment d i s c h a r g e  throughout  i t s  

l i f e  was be ing  used f o r  subaqueous sediment f i l l .  Thus p e r  u n i t  t ime 



low d ischarge  can produce a l a r g e  amount of s u b a e r i a l  land i n  a shal low 

r ece iv ing  bas in ,  high d ischarge  may produce l e s s  land i n  a deep r e c e i v i n g  

bas in ,  bu t  n e i t h e r  s i t u a t i o n  w i l l  produce s u b a e r i a l  land un le s s  sediments 

a r e  r e t a i n e d  i n  the  r ece iv ing  bas in  a t  r a t e s  s u f f i c i e n t  t o  o f f s e t  subs i -  

dence. The above example i s  r e l e v a n t  t o  the  d e l t a s  i n  Atchafalaya Bay 

i n  t h a t  t he  r ece iv ing  bas in  i s  very shallow, t he  percentage of incoming 

sediments i s  very high,  ye t  t he  a n t i c i p a t e d  r a t e  of s u b a e r i a l  land growth 

w i l l  b e  r e a l i z e d  on ly  i f  t h e  rate of  volume f i l l  i s  a l s o  h igh .  

The A t c h a f a l a y a  R i v e r  D e l t a s  

106. Shlemon (1975) sugges ted  t h a t  f o u r  t r a n s i t i o n a l  phases  c o u l d  

be recognized i n  the  l i f e  cyc le  of t h e  Atchafalaya River d e l t a s :  

( a )  i n i t i a l  f l o c c u l a t i o n  and s h o r e l i n e  a c c r e t i o n  f a r  removed from t h e  

l o c u s  o f  d e p o s i t i o n ;  (b)  15-25 y e a r s  of s low subaqueous growth; ( c )  r a p i d  

s u b a e r i a l  expansion;  and (d)  s u b s i d e n c e ,  compaction, and e v e n t u a l  d e t e -  

r i o r a t i o n .  Even though t h e  A t c h a f a l a y a  River  d e l t a s  a r e  w e l l  i n t o  t h e  

t h i r d  phase  o f  t h e  d e l t a  l i f e  c y c l e ,  growth a s s o c i a t e d  w i t h  t h e  f i r s t  two 

phases i s  cont inuing.  Shore l ine  a c c r e t i o n  on the  Louis iana Chenier 

P l a i n  100 km t o  t h e  west i s  i nc reas ing  (Wells and Kemp 1981; Wells 

and Roberts  19811, and slow subaqueous growth i s  evident  i n  the  d i s t a l  

no r theas t  and southeas t  segments of  Atchafalaya Bay. 

107. Whereas 1973 marks t he  i n i t i a t i o n  of r ap id  s u b a e r i a l  growth 

i n  Atchafalaya Bay, t he  onset  of subaqueous growth i n  1952 should be 

considered a s  t he  equiva len t  t o  a c revasse  break i n  a subdel ta  system. 

Although sediment d i scharge  t o  t he  Atchafalaya Basin had been s t e a d i l y  

r i s i n g  s i n c e  a t  l e a s t  1900, most of the  sediment was f i n e  and bypassed 

Atchafalaya Bay u n t i l  Grand and S ix  Mile Lakes, t o  t h e  nor th ,  reached 

a sed iment - f i l l ed  s t a t e  i n  the  mid-1900's. Using 1952 a s  the  year  f o r  

subaqueous b i r t h ,  t he  Lower Atchafalaya River  Del ta  a t  t h i s  w r i t i n g  

i s  30 years  o ld  and produced i t s  f i r s t  n a t u r a l  s u b a e r i a l  land 21 yea r s  

a f t e r  i n i t i a l  sedimentat ion.  F igures  19-26 show t h a t  subae r i a l  land 

i n  t he  Mis s i s s ipp i  River subdel tas  was f i r s t  recorded 5-15 years  a f t e r  

c revasse  opening and t h a t  a l though t h e  c revasse  break was u sua l ly  c a t a -  

s t r o p h i c ,  i t  continued t o  en la rge  during the  f i r s t  5-15 years .  



108. I n  c o n t r a s t  t o  t h e  moderate  t o  poor c o r r e l a t i o n  between 

r i v e r  d i scharge  and per iods  of growth i n  Mis s i s s ipp i  River  subde l t a s ,  

t h e  Atchafalaya River d e l t a s  show good c o r r e l a t i o n  during the  f i r s t  

8 years  of s u b a e r i a l  growth, beginning i n  1973. Rapid growth during 

the  f i r s t  3 years  was a  r e s u l t  of l a r g e  f loods  on the  M i s s i s s i p p i  River  

i n  1973, 1974, and 1975. Growth slowed during the  low f lood year  1976- 

1977, then reversed f o r  the  next  2  yea r s ,  when peak d ischarge  was wel l  

below t h e  long-term average (F igure  4 ) .  Renewed growth during t h e  sp r ing  

of  1979 can be c o r r e l a t e d  with t he  major f lood of t h a t  year ;  and f i n a l l y ,  

t he  l o s s  of  s u b a e r i a l  land dur ing  the  1980-1981 f lood yea r ,  s l i g h t l y  

h ighe r  than expected,  occurred during a  year  of average peak d ischarge .  

109. The l o s s  of s u b a e r i a l  land during 3 of t h e  f i r s t  8 yea r s  

has  not  r e s u l t e d  i n  a  l o s s  of t o t a l  d e l t a i c  sediments.  I n  f a c t ,  i f  

t h e  t o t a l  volume of sediment i s  cons idered ,  t h e  Atchafalaya River  

d e l t a s  have been s t e a d i l y  growing s i n c e  a t  l e a s t  1967 and probably s i n c e  

1952. Es t imates  of volume f i l l  made from CE b a t h y m e t r i c  and topo- 

graphic  survey s h e e t s  show t h a t  140.1 X lo6  m3 of sediment were depos i ted  
6 3 

between 1967 and 1977, a t  an average r a t e  of 14.0 X 10 m per  yea r .  

Excluding s u b a e r i a l  land,  t h i s  va lue  can be f u r t h e r  broken down t o  r evea l  
6  3  

t h a t  19.7 X 10 m were depos i ted  between 1967 and 1972, 68.1 between 

1972 and 1976, and 4.4 between 1976 and 1977 ( d a t a  cour tesy  of  R.  H .  

Baumann). Thus even though s u b a e r i a l  sediments a r e  l o s t  ( e . g . ,  between 

1976 and 1977),  the  subaqueous environment cont inues  t o  grow. 

110. Subaer ia l  land i s  l o s t  p r imar i l y  during the  w in t e r  months 

by waves and high water l e v e l s  a s soc i a t ed  with the  passage of  co ld  f r o n t s  

(van Heerden and Roberts 1980a and 1980b).  Winds ahead of a n  approach ing  

cold f r o n t  a r e  gene ra l l y  from the  south and produce a  se tup  i n  t h e  bay 

t h a t  may exceed 1 m. A s  t h e  f r o n t  passes  and winds become n o r t h e r l y ,  

water is  forced r ap id ly  out of t he  bay, causing r e d i s t r i b u t i o n  of sed i -  

ment, e s p e c i a l l y  from b a r s  t h a t  l ack  t h e  p r o t e c t i o n  of a  t h i c k  v e g e t a t i v e  

cover .  Much o f ' t h e  eroded sediment r e s i d e s  i n  the  shallow subaqueous 

environment and provides  a  base f o r  f u t u r e  s u b a e r i a l  p rograda t ion .  



Channel Ex tens ion  and B i f u r c a t i o n  

111. The fundamental  mechanism by which t h e  d e l t a s  i n  Atchafa laya  

Bay w i l l  c o n t i n u e  t o  grow i s  by channel  e x t e n s i o n  and channel  b i f u r c a t i o n ,  

Branching d i s t r i b u t a r i e s  t h a t  a r e  s e p a r a t e d  by complex d e l t a  l o b e s  a r e  

c h a r a c t e r i s t i c  of d e l t a s  which a r e  f r i c t i o n a l l y  dominated a t  t h e  d i s -  

t r i b u t a r y  mouths and a r e  b u i l d i n g  i n t o  u n s t r a t i f i e d ,  low-energy, shal low- 

water environments (Welder 1959) .  High r a t e s  o f  channel  e x t e n s i o n  

i n  t h e s e  d e l t a s  r e q u i r e  t h a t  t h e  system be  dominated by f l u v i a l  p r o c e s s e s  

r a t h e r  t h a n  marine  p r o c e s s e s ,  A s  channe l s  extend i n t o  t h e  bay they 

a r e  conf ined  by t h e i r  own n a t u r a l  l e v e e  d e p o s i t s  of s i l t  and c l a y .  

With i n c r e a s i n g  channel  l e n g t h ,  s l o p e  of t h e  energy g r a d i e n t  w i l l  d e c r e a s e  

and a g g r a d a t i o n ,  s p l i t t i n g ,  o r  d i v e r s i o n  o f  f low t o  new branches  w i l l  

be favored.  

112. Channel e x t e n s i o n  l e a d s  t o  s u b a e r i a l  growth by two p r o c e s s e s :  

( a ) a c c r e t i o n  o f  t h e  subaqueous n a t u r a l  l e v e e s  a n d ( b )  fo rmat ion  of mid- 

channel  b a r s ,  which grow v e r t i c a l l y .  F i g u r e  33 shows examples from 

t h e  Lower Atchafa laya  River  D e l t a  of t h e s e  p r o c e s s e s  i n  o p e r a t i o n  d u r i n g  

a  2-year p e r i o d .  L a t e r a l  and v e r t i c a l  growth of subaqueous n a t u r a l  

l e v e e s  ( F i g u r e  33A)  no t  on ly  adds new land t o  t h e  d e l t a  l o b e s ,  b u t  r e d u c e s  

t h e  c r o s s - s e c t i o n a l  a r e a  o f  channe l s .  T h i s  r e s u l t  i s  a  tendency f o r  

channels  t o  s e a l  and lobes  t o  f u s e .  The fo rmat ion  o f  midchannel b a r s  

t h a t  grow l a t e r a l l y  and v e r t i c a l l y  a l s o  reduces  channe l  c r o s s  s e c t i o n s  

and forms b r i d g e s  between a d j a c e n t  d e l t a  l o b e s .  The d ramat ic  growth 

o f  t h e  midchannel b a r  i n  Sou theas t  P a s s  a t t e s t s  t o  t h e  importance o f  

t h i s  p r o c e s s  ( F i g u r e  33B). 

913. The fo rmat ion  of a  midchannel b a r  i s  u s u a l l y  a t t ' r i b u t e d  

t o  d e p o s i t i o n  o f  c o a r s e r  p a r t i c l e s  a s  a  r e s u l t  af e i t h e r  sp read ing  o f  

f low upon r e a c h i n g  an  unconf ined a r e a  o r  t h e  e s t a b l i s h m e n t  of an equi-  

l i b r i u m  between channel-bui lding p rocesses  and p r e v a i l i n g  winds and 

t i d e  (Axelsson 1969) .  The d e p o s i t i o n  o f  c o a r s e  p a r t i c l e s  occurs  when 

t h e  d i s t r i b u t a r y  can no longer  suppor t  i t s  h i g h  sediment load under 

c o n d i t i o n s  o f  waning v e l o c i t y  and t u r b u l e n c e .  The midchannel o r  d i s -  

t r i b u t a r y  mouth b a r s  c r e a t e  an o b s t r u c t i o n  t o  f low t h a t ,  i n  t u r n ,  c a u s e s  
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Figure  33.  Time-history of channel s e a l i n g  and lobe growth i n  t he  e a s t e r n  
h a l f  of t h e  Lower Atchafalaya River  De l t a ,  1977-1980. Channels s e a l  
by l a t e r a l  and v e r t i c a l  extension of channel f l anks  and n a t u r a l  l evees  
( A )  and by development of a midchannel bar  ( B ) .  (F igure  cour tesy  of 
I.. L 1. van Heer den) 



t h e  flow t o  b i f u r c a t e .  Ord inar i ly ,channels  must cont inuous ly  c u t  through 

t h e i r  bar  depos i t s  i n  o rde r  t o  maintain d i scharge .  However, small  chan- 

n e l s  a r e  l e s s  e f f i c i e n t  than l a r g e  channels and once i n i t i a t e d ,  t h e  

process  of b i f u r c a t i o n  w i l l  r epea t  i t s e l f .  During f lood  s t a g e  s u f f i -  

c i e n t  sediment may be  depos i ted  on midchannel b a r s  t o  g ive  s u b a e r i a l  

exposure a t  mean sea l e v e l .  

114. The r a t e  of channel ex tens ion  over t h e  l i f e  of t he  Mis s i s s ipp i  

River subde l t a s  averaged 180 m/yr. Maximum r a t e s  o f  380-760 m/yr always 

occurred e a r l y  i n  the  l i f e  cyc l e ;  a s  t he  subde l t a s  began t o  l o s e  sub- 

a e r i a l  land, the  decrease  i n  l i n e a r  growth r a t e  was a  r e s u l t  of  each 

d i s t r i b u t a r y ' s  having t o  f i l l  a  g r e a t e r  volume wi th  sediment i n  o rde r  

t o  move a  u n i t  d i s t a n c e  h o r i z o n t a l l y .  A s  channels  grow and b i f u r c a t e ,  

i n d i v i d u a l  lobes begin t o  reach both f a r t h e r  upstream and f a r t h e r  down- 

stream. Eventua l ly ,  channels  w i l l  s e a l  and lobes w i l l  coa lesce .  Large 

lobes  i n  t he  Atchafalaya River  d e l t a s  a r e  t he  r e s u l t  of  t he  coalescence 

of numerous small  d i s t r i b u t a r y  mouth b a r s .  

115. F igure  34 shows the  p a t t e r n  of growth i n  t he  most a c t i v e  

p a r t  of t he  e a s t e r n  h a l f  of t h e  Lower Atchafalaya River  Del ta  between 

1973 and 1979. The sediment d e l i v e r y  network has  been s e l e c t i v e l y  e l imi-  

nated a s  a  r e s u l t  of t he  processes  descr ibed above. Because f r i c t i o n a l  

r e s i s t a n c e  per  u n i t  volume of  flow inc reases  w i th  decreas ing  channel 

s i z e  (Axelsson 1967),  much of the  a r e a  shown i n  F igu re  34 i s  now remi- 

n i s c e n t  of a  system t h a t  i s  on the  verge of d e t e r i o r a t i o n .  Closing 

of  channels ,  t he  f i n a l  s t e p  i n  t he  channel ex tens ion  process ,  e f f e c t i v e l y  

prevents  nourishment of  t h e  d e l t a  except  by overbank f looding  a t  h igh  

r i v e r  s t age .  

Future  Development of Atchafalaya River  De l t a s  

116. The f u t u r e  growth r a t e s  and s u b a e r i a l  con f igu ra t i on  of t he  

d e l t a s  i n  Atchafalaya Bay a r e  obviously somewhat specu la t i ve .  The main 

d i f f i c u l t i e s  i n  p r o j e c t i n g  t o  t he  f u t u r e  a r e ( a )  u n c e r t a i n t y  a s  t o  what 

modi f ica t ions  t o  t he  system w i l l  be made by man, (b) unce r t a in ty  a s  t o  

t h e  magnitude of sp r ing  f l oods ,  hence sediment d i scharge ,  during the  



Figure 34. Progress ive  growth of d e l t a  lobes between 1973 
and 1979 showing upstream and downstream extens ion ,  lobe 
fu s ion ,  and s e a l i n g  of channels .  (Figure cour tesy  of I .  
L 1. van Heerden) 

next 50 yea r s ,  and ( c )  t he  c e r t a i n t y  t h a t  t he  Atchafalaya River d e l t a s  

w i l l  no t  grow a t  p r e c i s e l y  t he  same r a t e  and i n  p r e c i s e l y  t he  same fash ion  

a s  any s i n g l e  d e l t a  examined a s  p a r t  of t he  gene r i c  a n a l y s i s .  These 

d i f f i c u l t i e s  have been l a r g e l y  overcome by (a) assuming t h a t  man w i l l  

not  modify the  system between 1980 and 2030, (b)  p r o j e c t i n g  i n t o  the  

f u t u r e  f o r  more than one d ischarge  s cena r io ,  and ( c ) u s i n g  information 

from four  d e l t a s  (Mis s i s s ipp i  River subde l t a s )  r a t h e r  than one d e l t a  

a s  a model f o r  f u t u r e  growth i n  Atchafalaya Bay. 

117 .  P r i o r  t o  the  gener ic  a n a l y s i s ,  s e v e r a l  p r o j e c t i o n s  had been 

presen ted  i n  t he  l i t e r a t u r e .  They ranged from an extreme r a t e  of sub- 
2  a e r i a l  growth of 14.2-16.9 km Iyr, f i l l i n g  t he  bay be fo re  1990 and lead- 

2  i ng  t o  over 900 km of s u b a e r i a l  land by 2020 (Shlemon (19721 c i t i n g  



d a t a  from G a r r e t t ,  Hawxhurst, and M i l l e r  1 9 6 9 ) , k  t o  more c o n s e r v a t i v e  

estimates t h a t  l e a d  t o  f i l l i n g  o f  t h e  bay by t h e  t u r n  of t h e  c e n t u r y  

(Rober t s ,  Adams, and Cunningham 1980) ,  t o  e s t i m a t e s  t h a t  i n d i c a t e d  t h e  

bay shou ld  f i l l  t o  w i t h i n  0.6 m of mean s e a  l e v e l  ( e x c e p t  c h a n n e l s )  i n  

a  p e r i o d  of 60 y e a r s  under  normal f l o o d  regimes (Adams and Baumann 1980) .  

The r a t e s  p r e s e n t e d  i n  t h e  f o l l o w i n g  paragraphs  a r e  t h e  f i r s t  t o  be  

determined u s i n g  a  g e n e r i c  model approach.  

118. The M i s s i s s i p p i  River  subde l t a s  were s e l e c t e d  a s  " the model9' 

because of t h e i r  s i m i l a r i t y  t o  t h e  Atchafalaya River  Del ta  and because 

of  the  e x c e l l e n t  da t a  base provided by maps and c h a r t s .  The f i r s t  s t e p  

involved ca r ry ing  out  t he  fol lowing procedures: 

a .  The four  subde l t a  curves  i n  F igure  27 were r e p l o t t e d  - 
t o  g ive  time ve r sus  percentage of t o t a l  growth normalized 
t o  100 pe rcen t .  

b. Each curve was smoothed us ing  a  cubi5 r e g r  s s i o n  bes t -  - 5 
f i t  l i n e  of  the  form y = a + bx + cx + dx (Table 4 ) .  

c .  The curves were renormalized t o  aga in  a d j u s t  t he  per- - 
centage of t o t a l  growth (Y-axis) t o  reach a  peak a t  
t h e  100 percent  va lue .  

d. A common o r i g i n  was e s t a b l i s h e d  by changing the  X-axis - 
t o  r ep re sen t  the  number of  years  a f t e r  t he  f i r s t  subae r i a l  
l and ,  t hus  fo rc ing  each curve t o  begin a t  t he  new o r i g i n .  

119. The r e s u l t s  of  procedures a-d a r e  p l o t t e d  i n  F igure  35. 

These normalized and smoothed curves show t h a t  the  four  M i s s i s s i p p i  

River  subde l t a s  have remarkably s i m i l a r  h i s t o r i e s ;  i n  p a r t i c u l a r ,  t he  

r a t e s  of  growth a r e  n e a r l y  i d e n t i c a l  and the  t o t a l  number o f  years  of 

growth (average 66 yea r s )  can a l l  be bracketed w i th in  a per iod  of 20 

yea r s .  ** 

* I n f i l l i n g  p ro j ec t i ons  by G a r r e t t ,  Hawxhurst, and M i l l e r  (1969) 
were  made f o r  t h e  -2 f t  con tour  ( N a t i o n a l  Geodet ic  V e r t i c a l  Datum) 
and t h e r e f o r e  a r e  n o t  d i r e c t l y  comparable t o  p r o j e c t i o n s  r e f e r e n c e d  
t o  mean s e a  l e v e l .  

* West Bay subdel ta  d i f f e r s  s l i g h t l y  i n  t h a t  i t  i s  t he  l a r g e s t  sub- 
d e l t a  with the  h ighes t  average and maximum r a t e s  of s u b a e r i a l  
growth. 



Years after subaerial land 

Figure  35. Normalized and smoothed curves showing growth and d e t e r i o r a -  
t i o n  of t h e  four  Mis s i s s ipp i  River  subde l t a s .  C o e f f i c i e n t s  used i n  
t he  cub ic  r eg re s s ion  a r e  g iven  i n  Table  4 



120. The next  s t e p  was t o  determine f o r  5-year i n t e r v a l s  begin- 

ning i n  1980 the  average percentage of t o t a l  growth expected,  on t h e  

b a s i s  of t he  Mis s i s s ipp i  River subde l t a s  ( s u b a e r i a l  l and ) ,  and t o  p r o j e c t  

t h i s  t o  t he  year  2030. Then, by e x t r a p o l a t i n g  from the amount of  s u b a e r i a l  

land i n  Atchafalaya Bay i n  t h e  1980 base yea r ,  the  t o t a l  amount of sub- 

a e r i a l  land could be p ro j ec t ed  t o  any year  i n  t he  f u t u r e  us ing  the  non- 

dimensional ized growth curves i n  F igure  35 (Table  5 ) .  Using t h e  t h r e e  

e s t ima te s  f o r  t o t a l  s u b a e r i a l  land i n  Atchafalaya Bay, a s  d i scussed  

i n  paragraph 91, upper and lower growth curves were cons t ruc ted  (F igure  

36) .  The maximum amount of land i n  Atchafalaya Bay i n  2030 was achieved 

us ing  the  l e a s t  squares  e s t ima te  f o r  t he  1980 base yea r ;  t he  minimum 

amount of land was produced us ing  t h e  1980 observed va lue .  Assuming 

t h e  Mis s i s s ipp i  River subde l t a s  t o  be a reasonable  model, t h e  t o t a l  

s u b a e r i a l  land i n  t he  year  2030 would be bracketed by the  va lues  150 
2 2 

km and 208 km . 
121. The f i n a l  s t e p  was t o  p l o t  on a base map the  con f igu ra t i on  

of land i n  2030, based on s e v e r a l  d i f f e r e n t  r a t e s  of  growth (F igure  

37) .  The upper and lower bounds from Figure  36 were s e l e c t e d  f o r  two 

of  t he se ,  and the  t h i r d ,  an extreme bound, was taken t o  be the  amount 

of  land produced a t  a growth r a t e  f o r  50 yea r s  equal  t o  the  maximum 
2 

during the  f i r s t  8 years  (6.73 km / y r ) .  I n c l u d i n g , t h i s  extreme bound 
2 

of  337 km , t he  expected amount of  land i n  Atchafalaya Bay could va ry  

s l i g h t l y  more than twofold,  depending on the  s e l ec t ed  r a t e  o f  growth. 

122. Cons t ruc t ion  of  t he  a c t u a l  con f igu ra t i on  of  s u b a e r i a l  land 

was guided by the  fol lowing c r i t e r i a :  

a .  The bathymetry o f  t h e  bay, i n s o f a r  a s  known, was used - 
t o  determine which a r e a s  were most l i k e l y  and which 
were l e a s t  l i k e l y  t o  be  f i l l e d .  I n  p a r t i c u l a r ,  deep 
ho le s  and p e r s i s t e n t  scour channels  were l e f t  a s  t h e  
l a s t  a r e a s  t o  become s u b a e r i a l  land. 

b. P a t t e r n s  i n  t h e  prev ious  8 yea r s  of s u b a e r i a l  growth - 
and 30 years  of subaqueous growth were used a s  a means 
of  extending the  d e l t a  f r o n t  toward the  s h e l l  r e e f s .  

c .  Knowledge gained from examining h i s t o r i c  maps, c h a r t s ,  - 
and a e r i a l  photographs of s i m i l a r  l oba t e  d e l t a s  was 
used a s  much a s  pos s ib l e .  The primary p r i n c i p l e s  app l i ed  
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Figure  36. Growth curves p r e d i c t i n g  s u b a e r i a l  land i n  Atchafalaya Bay 
i n  t h e  year  2030. Determination5 made from growth curves of Miss i s2 ippi  
River  subde l t a s  assuming 28.8 km of land (upper curve)  and 20.8 km 
of  land (lower cu rve ) in  Atchafalaya Bay i n  1980 

were channel ex tens ion ,  channel b i f u r c a t i o n ,  and lobe 
fus ion .  

d. The s u b a e r i a l  d e l t a  f r o n t  was cons t ruc ted  t o  resemble - 
t h a t  of  a shallow loba t e  d e l t a  bu t  must be  cons idered  
a s  somewhat i d e a l i z e d  s ince  such p r o j e c t i o n s  a r e  beyond 
the  realm of  a gene r i c  a n a l y s i s .  

123. Severa l  f e a t u r e s  o f  t h e  above p r o j e c t i o n s  a r e  noteworthy. 

F i r s t ,  t h e  Atchafalaya Bay w i l l  no t  f i l l  by t he  year  2030 bu t  w i l l  

r e t a i n  l a r g e  open a r ea s  1-2 m deep. Second, even though t h e  bay w i l l  

remain p a r t i a l l y  open, s u b a e r i a l  land w i l l  extend onto t he  s h e l f  and 

begin  b u i l d i n g  a t r u e  marine d e l t a .  Thi rd ,  four  channels ,  numbered 

1-4 i n  F igure  37, w i l l  not s e a l  w i th in  50 years  and w i l l  con t inue  t o  

c a r r y  water  and sediment i n t o  t h e  l a r g e  d e l t a  lobes .  Fourth,  t h e  a r e a  





surrounding t h e  s h e l l  r e e f s  w i l l  no t  f i l l  wi th  sediments and w i l l  remain 

a s  t he  deepest  a r ea s  i n  t he  bay. F i f t h ,  t he  Wax Lake Del ta  i n  50 yea r s  

w i l l  r ep re sen t  more than the  10-17 percent  of t o t a l  a r e a  t h a t  it now 

rep re sen t s .  

124. Complete f i l l i n g  of t h e  bay i s  un l ike ly  t o  occur w i t h i n  

50 yea r s  because of s eve ra l  major scour channels ;  even without  widespread 

scour ,  t h e  volume of incoming sediments would be  i n s u f f i c i e n t  t o  produce 

a cont inuous cover of s u b a e r i a l  land.  A major scour channel 2-3 m deep 

between the  en t rance  t o  Four League Bay and Poin t  au Fer  w i l l  be one 

of the  l a s t  p a r t s  of  the  bay t o  be f i l l e d  (F igure  37) .  Because of t h i s  

channel,  t he  embayment t o  t he  southeas t  w i l l  r e ce ive  very  l i t t l e  sediment 

from the  advancing d e l t a  f r o n t .  The embayment i n  the  f a r  no r theas t  

p a r t  of t he  bay w i l l  a l s o  remain open, s i n c e  l i t t l e  sediment i s  t r ans -  

ported no r th  of t he  advancing d e l t a  f r o n t .  Sediment samples taken i n  

1980-1981 ind i ca t ed  t h a t  both of t he se  embayments were covered by only 

a few cent imet res  of p rode l t a  c l a y s  over ly ing  the  o ld  bay-bottom sed i -  

ment ( C o a s t a l  S t u d i e s  I n s t i t u t e ,  LSU, unpubl i shed  d a t a ) .  

125. A second scour  channel between the  Lower Atchafalaya River  

Del ta  and t h e  Wax Lake Del ta  w i l l  probably remain open, thus prevent ing  

t h e  two d e l t a s  from merging during the  next  50 years  un less  fused by 

overwhelming q u a n t i t i e s  of sediment from an excep t iona l ly  l a rge  f l ood .  

Deep ho le s  and channels ,  both n a t u r a l  and dredged, occur throughout 

t h e  Po in t  au Fer s h e l l  r e e f s  and serve  a s  condui t s  f o r  t he  t r a n s p o r t  

of water  between the  bay and the  c o n t i n e n t a l  s h e l f .  Strong c u r r e n t s ,  

i s o l a t e d  scour ,  and the  o v e r a l l  water depth w i l l  prevent  new land from 

forming along t h i s  l i n e  of s h e l l  r e e f s .  Eas t  Pass ,  Poul ledieux Channel, 

Log Channel, and Amerada Hess Channel, i nd i ca t ed  i n  F igure  37 by t h e  

numbers 1-4, r e s p e c t i v e l y ,  a r e  t he  four  s t r o n g e s t  channels  i n  t he  Lower 

Atchafalaya River Del ta  and w i l l  not  s e a l  n a t u r a l l y .  Sustained c u r r e n t s  

of 50-100 cm/sec a r e  recorded r e g u l a r l y  i n  t he se  channels ( C o a s t a l  

S t u d i e s  I n s t i t u t e ,  LSU, unpubl i shed  d a t a ) .  

126. Growth of t he  Wax Lake Del ta  w i l l  cont inue a t  a f a s t e r  r a t e  

than the  Lower Atchafalaya River De l t a ,  r e s u l t i n g  i n  an a r e a  a f t e r  50 

yea r s  t h a t  i s  approximately 25 percent  of t he  t o t a l  land a r e a  i n  



Atchafalaya Bay. I n  1980, Wax Lake achieved a sed iment - f i l l ed  s t a t e  

s i m i l a r  t o  t h a t  i n  Grand and Six  Mile Lakes, and caused acce l e ra t ed  

growth i n  t he  Wax Lake Delta .  Examination of LANDSAT images a t  low 

water  l e v e l s  shows ex tens ive  a reas  of subaqueous sediment only 

10-30 cm below mean s e a  l e v e l  near  t h e  Wax Lake nav iga t ion  channel 

(I. L1. van Heerden, personal  communication). 

Extension t o  t he  s h e l f  

127. E x t r a p o l a t i o n  of t he  d e l t a s  beyond t h e  P o i n t  au Fe r  s h e l l  

r e e f s  i s  p a r t i c u l a r l y  d i f f i c u l t  because of t he  added in f luence  of marine 

processes .  However, two of  the  p r e d i c t i o n s ,  t h e  upper bound and t h e  

extreme bound, i n d i c a t e  t h a t  land w i l l  be emerging on the  s h e l f  by 2030 

(F igure  37) .  The sediments i n  t he se  d e l t a  lobes  w i l l  be sub jec t  t o  

reworking by waves, and q u i t e  poss ib ly  c u r r e n t s  w i l l  produce a  s i z e  

f r a c t i o n a t i o n  i n  t h e  sediment whi le  a t  t he  same time skewing t h e  d e l t a  

lobes unexpectedly t o  t he  sou theas t .  Although s i l t -  and clay-sized 

sediments a r e  and w i l l  cont inue t o  be  c a r r i e d  t o  t he  west i n  t he  Atchafa- 

l aya  mud s t ream (Wells and Kemp, 19811, t he  s t r o n g e s t  c u r r e n t s  during 

t h e  year  occur  immediately a f t e r  t he  passage of co ld  f r o n t s .  Adams, 

Wells,  and Coleman (1982) have shown from t h e  a n a l y s i s  of cu r r en t  

records t h a t  t hese  wind-driven c u r r e n t s  a r e  d i r e c t e d  t o  t h e  sou theas t  

and, f u r t h e r ,  t h a t  they a r e  t h e  only c u r r e n t s  s t r o n g  enough t o  t rans-  

p o r t  f i n e  sands. The r e s u l t  w i l l  be  a tendency t o  skew t h e  sandy d e l t a  

lobes t o  t he  s o u t h e a s t ,  thereby f r a c t i o n a t i n g  sands from t h e  mean d r i f t  

of muddy sediments t o  t h e  west.* 

128. A s  s u b a e r i a l  land emerges on the  s h e l f ,  some d e t e r i o r a t i o n  

of  the  d e l t a  w i th in  t he  bay can be expected. I n  p a r t i c u l a r ,  a s  the  

e a s t e r n  h a l f  of  t he  Lower Atchafalaya River De l t a  f i l l s ,  t he  system 

f o r  d e l i v e r i n g  sediment w i l l  become more i n e f f i c i e n t  and numerous small  

channels  w i l l  s e a l .  Examination of a e r i a l  photographs shows t h a t  a f t e r  

only 8 yea r s  of s u b a e r i a l  growth many small  channels  have a l ready  sea l ed  

and lobe fu s ion  i s  an extremely a c t i v e  process .  Continuous subsidence 

a t  a r a t e  o f ,  say ,  1 cm/yr w i l l  a l low,  i n  t h e  absence of sediment i npu t ,  

* This  hypothes i s  does no t  cons ider  t he  p o s s i b i l i t y  t h a t  waves can 
suspend sand f o r  movement by weak s u b c r i t i c a l  c u r r e n t s .  



l oca l i zed  d e t e r i o r a t i o n  processes  t o  begin. Fu r the r ,  sediments w i l l  

always be removed by water exchange between the  bay and open s h e l f  a s  

a  r e s u l t  of  t i d a l  c u r r e n t s ,  waves, and se tup  and setdown during cold-  

f r o n t  passage.  

129. When Atchafalaya Bay reaches i t s  sed iment - f i l l ed  s t a t e ,  

t h a t  i s ,  has acquired a s  much sediment a s  i t  can accommodate, then pro- 

g rada t ion  on the  s h e l f  should a c c e l e r a t e .  J u s t  a s  Atchafalaya Bay began 

t o  f i l l  r a p i d l y  when Grand and S ix  Mile Lakes became sed iment - f i l l ed ,  

t h e  o f f sho re  a r e a s  w i l l  begin t o  grow r a p i d l y  when the  bay i s  e s s e n t i a l l y  

f i l l e d  with sediment.  P a r t  of t he  sediment t h a t  e n t e r s  t he  s h e l f  envi-  

ronment w i l l  con t inue  t o  be c a r r i e d  west t o  t he  chenier  p l a i n ,  r eve r s ing  

the  p re sen t  t rend  of  c o a s t a l  e ro s ion  i n  these  downdrift  a r e a s .  

Se l ec t ion  of a growth rate 

130. With r e spec t  t o  s u b a e r i a l  growth p ro j ec t ed  by the  subde l t a s  
2  

model, t he  upper bound of  208 km i s  considered t o  be t he  most reason- 

a b l e  e s t ima te  under normal f lood  cond i t i ons .  This  f i g u r e ,  based on 

an i n i t i a l  amount of land determined by the  l e a s t  squares  method, i s  

t h e  only e s t ima te  of t o t a l  land t h a t  inc ludes  a l l  da t a  taken during 

the  f i r s t  8  years  of d e l t a  growth. Although t h e  19705 decade was one 

of  abnormally h igh  sp r ing  f l oods ,  any a d d i t i o n a l  land b u i l t  by these  

f loods  would no t  be considered t o  b i a s  t he  p r o j e c t i o n s  upward s i n c e  

t h e  LANDSAT a n a l y s i s  t y p i c a l l y  underest imates  a c t u a l  s u b a e r i a l  land 

by 10-15 pe rcen t .  An important po in t  t o  no te  i s  t h a t  t he  Mis s i s s ipp i  

River  subde l t a s  model i s  v a l i d ,  even i f  t h e  t ime s c a l e  i s  changed t o  

r e f l e c t  a  more reasonable  l i f e  cyc le  of 600-800 years  f o r  t h e  Atchafalaya 

River  d e l t a s .  That i s ,  t he  p r o j e c t i o n  f o r  t o t a l  s u b a e r i a l  land a f t e r  

50 years  on a  600-year l i f e  cyc le  i s  very c l o s e  t o  t h a t  on a  150-year 

l i f e  cyc le ,  provided the  subde l t a  growth curve has  t he  same shape and 

i s  nondimensionalized t o  r ep re sen t  percentage of t o t a l  growth.* Thus, 

* For example, Table  5 i n d i c a t e s  t h a t  f o r  a  150-year cyc le  28.8 km 
2 

of land represen  s 13.6 percent  of t o t a l  a r e a ,  w i c h  a f t e r  50 yea r s  1 9 
becomes 207.5 km . On a 600-year cyc le ,  28.8 km of land would 
r ep re sen t  approximately 1 , 8  percent  of t o t a l  a r e a ,  which a f t e r  SO 

2 
yea r s  would become 200.0 km . 



even though the  M i s s i s s i p p i  Del ta  i s  a  mature d e l t a  t h a t  i s  d e t e r i o r a t i n g  

and the  Atchafalaya d e l t a s  a r e  young and r a p i d l y  prograding,  comparisons 

between t h e  two a r e  no t  unreasonable.  Fu r the r ,  i t  i s  important t o  re-  

emphasize i n  t h i s  regard t h a t  wi th in  any d e l t a  system, growth and d e t e r i -  

o r a t i o n  can occur s imultaneously.  S e l e c t i o n  of an o v e r a l l  growth r a t e  

does not  preclude the  c e n t e r  of depos i t i on  from s h i f t i n g  s eve ra l  t imes 

throughout the  l i f e  h i s t o r y  of  the  Atchafalaya d e l t a s .  

131. Although the  p r e d i c t i o n  of  208 km2 of s u b a e r i a l  land by 2030 

i s  cons iderab ly  lower than those repor ted  prev ious ly ,  s e v e r a l  l i n e s  

of evidence i n d i c a t e  t h a t  t h i s  va lue  should neve r the l e s s  be considered 

q u i t e  reasonable .  

a .  A t o t a l  s u b a e r i a l  growth of 208 km2 over a  per iod of - 
50 yea5s can be achieved a t  an average growth r a t e  of  
4 .2  km / y r ,  a  va lue  approximately 2-4 t imes h ighe r  than 
the  average f o r  t he  Mis s i s s ipp i  River  subde l t a s ,  25 
t imes h ighe r  than the  maximum growth r a t e  f o r  the  T r i n i t y  
Del ta ,  2  t imes h igher  than the  maximum growth r a t e  f o r  
t h e  Colorado De l t a ,  and equa l  t o  t h e  maximum growth 
r a t e  of t h e  Danube Del ta .  Thus none of the  l oba t e  d e l t a s  
examined i n  t h i s  a n a l y s i s ,  r e g a r d l e s s  of  r i v e r  d i scharge  
o r  depth of r ece iv ing  bas in ,  has  grown a t  an average 

2  r a t e  exceeding 4.2 km / y r .  

The max mum r a t e  of growth i n  t h e  Atchafalaya Bay was i 
6.73 km / y r ,  a  va lue  e s s e n t i a l l y  t he  same a s  the  maximum 
r a t e  of  growth i n  t he  Cubits  Gap, West Bay, and Garden 
I s l a n d  Bay subde l t a s  (Table 3 ) .  F igu re s  21, 23, and 
25 show t h a t  w i th in  30 years  of b i r t h  (age of  Atchafalaya 
River d e l t a s ) ,  each of these  subde l t a s  had reached i t s  
maximum r a t e  of growth. None of t he  subde l t a s  sus t a ined  
i t s  maximum r a t e  f o r  50 years ;  t h e  average per iod of 
maximum g  owth was 17.3 years .  Thus t he  xtreme bound 5 5 
of  337 km , produced a t  a  r a t e  of  6.73 km / y r ,  should 
be cons idered  the  amount of s u b a e r i a l  land produced 
during f i v e  decades of d i scharge  s i m i l a r  t o  t h a t  o f  
t h e  1970's decade. 

c .  The f a c t  t h a t  Atchafalaya River d i scharge  i s  more than - 
twice t h a t  of any Mis s i s s ipp i  River subde l t a  i s  unimpor- 
t a n t  when the  r a t e  of  volu e  i l l  i s  considered.  A t  5 
an average r a t e  of 14 x  10 m / y r ,  t he  Atchafalaya Bay 
i s  f i l l i n g  a t  a  r a t e  c o n s i s t e n t  wi th  t he  Migsigsippi  
River subde l t a s  (Bap i s  e  C o l l e t t e  = 9  x  10 m / ~ r .  5 6  3 Cubits  Gap = 26 x  10 m / y r S  West Bay = 19 x  10 m lyr; 6 '  3  Garden I s l a n d  Bay = 4  x 10 m / y r ) .  Because of t he  



l a r g e ,  well-defined naviga t ion  channel ,  t h e  percentage 
of sediment r e t a ined  i n  Atchafalaya Bay i s  r e l a t i v e l y  
low, thus  lead ing  t o  a  growth r a t e  c l o s e  t o  t h a t  of 
t he  two l a r g e s t  subde l t a s  (Cubi ts  Gap and West ~ a y ) .  
F i n a l l y ,  assuming en fverage  depth of  2 m and a  r a t e  
of f i l l  of  14 x 10 m lyr ,  the  open bay (520 km2 i n  
1980) would t ake  74 years  t o  f i l l ,  g e n e r a l l y  suppor t ing  
the  c a l c u l a t i o n s  f o r  s u b a e r i a l  growth. 



PART V :  CONCLUSIONS 

132. R e s u l t s  of t h e  g e n e r i c  a n a l y s i s  s u p p o r t  t h e  f o l l o w i n g  major 

c o n c l u s i o n s  on p a s t ,  p r e s e n t ,  and f u t u r e  growth of d e l t a s  i n  Atchafa laya  

Bay : 

a .  S u b a e r i a l  l a n d  i n  Atchafa laya  Bay i s  growing a t  a  r a t e  - 2  of 3.6 km / y r  and i s  expected t o  r e a c h  t h e  open s h e l f  
w i t h i n  50 y e a r s .  Although growth h a s  been e p i s o d i c ,  
major f l o o d s  c o r r e l a t e  w e l l  w i t h  h i g h  growth r a t e s ,  
and lower t h a n  average  d i s c h a r g e s  r e s u l t  i n  t h e  l o s s  of 
sub a e r  i a l  l a n d .  

b .  At mean s e a  l e v e l ,  10-17 p e r c e n t  of t o t a l  s u b a e r i a l  
- 

l a n d  o c c u r s  i n  t h e  Wax Lake D e l t a  and 83-90 p e r c e n t  
o c c u r s  i n  t h e  Lower Atchafa laya  R i v e r  D e l t a .  Within  
t h e  Lower A t c h a f a l a y a  River  D e l t a ,  70 p e r c e n t  of t h e  
s u b a e r i a l  l a n d  i s  w e s t  of t h e  n a v i g a t i o n  channe l .  The 
r a t e  of growth i n  t h e  Wax Lake D e l t a  w i l l  i n c r e a s e  
r e l a t i v e  t o  t h a t  i n  t h e  Lower Atchafa laya  River  D e l t a ,  
and by 2030 t h e  Wax Lake D e l t a  w i l l  r e p r e s e n t  approx i -  
mately  25 p e r c e n t  of t o t a l  l and  a r e a .  

c .  P r o j e c t e d  r a t e s  of growth based on s u b d e l t a s  of t h e  - 

modern M i s s i s s i p p i  R iver  D e l t a  i n d i c a t e  t h a t  t o t a l  
s u b a e r i a l  l a n d  i n  Atchafa laya  Bay w i l l  r ange  from 
150 km2 t o  337 km2 i n  t h e  y e a r  2030. The most reason-  
a b l e  e s t i m a t e  under  c o n d i t i o n s  of normal d i s c h a r g e s  is  

2  208 km2, w i t h  150 km2 and 337 km r e p r e s e n t i n g  50 y e a r s  
of lower t h a n  average  and s u b s t a n t i a l l y  h i g h e r  t h a n  
average  d i s c h a r g e s ,  r e s p e c t i v e l y .  

d .  S u b a e r i a l  l a n d  w i l l  emerge on t h e  open s h e l f  w e l l  - 

b e f o r e  t h e  bay r e a c h e s  a s e d i m e n t - f i l l e d  c o n d i t i o n .  It 
i s  t h e r e f o r e  i n a p p r o p r i a t e  t o  c o n s i d e r  t h e  f o r m a t i o n  
of a  marine  d e l t a  on ly  a s  a  fol lowup t o  development of 
a  con t inuous  l a n d  mass i n  Atchafa laya  Bay. I n  f a c t ,  
Atchafa laya  Bay w i l l  p robab ly  never  r e a c h  a  comple te ly  
s e d i m e n t - f i l l e d  s t a t e  a s  a  r e s u l t  of s c o u r  c h a n n e l s ,  
v e r y  s low s e d i m e n t a t i o n  i n  d i s t a l  a r e a s ,  reworking of 
sed iments  d u r i n g  t h e  passage  of c o l d  f r o n t s ,  s u b s i d e n c e ,  
and s e l e c t i v e  n a t u r a l  s e a l i n g  of t h e  sediment  d e l i v e r y  
network.  

e .  The s u b a e r i a l  d e l t a s  w i l l  c o n t i n u e  t o  grow a s  l o b a t e  - 
f e a t u r e s  by t h e  p r o c e s s e s  of channe l  e x t e n s i o n ,  channel  
b i f u r c a t i o n ,  and l o b e  f u s i o n .  Within  50 y e a r s ,  t h e  
hundreds of s m a l l  l o b e s  w i l l  have f u s e d  i n t o  pe rhaps  
1 0  major l o b e s  s e p a r a t e d  by s m a l l  dying c h a n n e l s ,  Four 
main a r t e r i e s  w i l l  c o n t i n u e  t o  d e l i v e r  sed iment :  N a t a l  
Channel and P o u l l e d i e u x  Channel,  on t h e  e a s t  s i d e  of 
t h e  n a v i g a t i o n  c h a n n e l ;  and Log Channel and Arnerada 
Hess Channel,  on t h e  west  s i d e  of t h e  n a v i g a t i o n  
channe l .  



The A t c h a f a l a y a  Bay r e t a i n s  approximately  14 x l o 6  m3 
of sediment p e r  y e a r ,  a n  amount e q u a l  t o  t h a t  r e t a i n e d ,  
on average ,  i n  t h e  f o u r  M i s s i s s i p p i  R iver  s u b d e l t a s .  
S u b a e r i a l  l a n d  eroded d u r i n g  t h e  passage  of c o l d  f r o n t s  
r e s i d e s  i n  t h e  sha l low subaqueous environment and 
p r o v i d e s  a  p l a t f o r m  f o r  f u t u r e  p r o g r a d a t i o n .  The low 
r a t i o  between sediment r e t e n t i o n  and r i v e r  d i s c h a r g e  
may be  a t t r i b u t e d  t o  t h e  e f f i c i e n c y  of t h e  n a v i g a t i o n  
channe l  i n  t r a n s p o r t i n g  sand-s ized p a r t i c l e s  th rough  
t h e  bay t o  t h e  c o n t i n e n t a l  s h e l f ,  a l t h o u g h  t h e  q u a n t i t y  
t r a n s p o r t e d  i s  s t i l l  s p e c u l a t i v e .  

g. Volumetr ic  computat ions  f u r t h e r  i n d i c a t e  t h a t  - 
Atchafa laya  Bay i s  f i l l i n g  a t  a r a t e  c o n s i s t e n t  w i t h  
t h a t  o f  t h e  M i s s i s s i p p i  R iver  s u b d e l t a s  ( range  
4-26 x l o 6  m3 of sediment p e r  y e a r ) .  With a n  average  
d e p t h  of 2  m and a  r a t e  of f i l l  of 14 x l o 6  m 3 1 y r ,  
t h e  open bay (520 km2 i n  1980) w i l l  t a k e  74 y e a r s  t o  
f i l l .  

h .  Waves and wind-driven c u r r e n t s  w i l l  become more - 
impor tan t  i n  shap ing  t h e  d e l t a  l o b e s  a s  t h e y  p rograde  
on to  t h e  c o n t i n e n t a l  s h e l f .  S t rong  s o u t h e a s t e r l y  
c u r r e n t s  f o l l o w i n g  t h e  passage  of c o l d  f r o n t s  may 
tend  t o  skew t h e  sandy components t o  t h e  s o u t h e a s t ,  
t h u s  f r a c t i o n a t i n g  them from t h e  s i l ts  and c l a y s  t h a t  
w i l l  be  c a r r i e d  wes t  i n  t h e  predominant d r i f t  sys tem.  
The downdr i f t  r e c i p i e n t  of Atchafa laya  River  sed iments ,  
t h e  L o u i s i a n a  c h e n i e r  p l a i n ,  w i l l  undergo a d r a m a t i c  
r e v e r s a l  i n  i t s  p r e s e n t  t r e n d  toward c o a s t a l  e r o s i o n  
d u r i n g  t h e  n e x t  50 y e a r s .  
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Table  1 

Process  Var iab les  f o r  De l t a s  Examined a s  P a r t  of Generic Analys i s  

River Wave Tide Alongshore Shelf  

Discharge Sediment Power 
3 3 7 

Range Current  Slope 
De l t a  Climate 10 m I s e c  Type 10 e r g s l s e c  m cm/ sec % Tectonics* - -- 

Miss i s s ipp i  Subdel t a s  

B a p t i s t e  C o l l e t t e  HST 0.608 HS L** 0.021 0 .5  < l o  0 .03  2 -4 

Cubits  Gap HST 2.262 HS L 0.071 0 .5  < lo  0.07 2 -4 

Garden I s l a n d  Bay HST 0.640 HS L 0.044 0 . 5  < lo  0.05 2 -4 

West Bay HST 0.750 HS L 0.126 0.5 < lo  0.03 2 -4 

Eas t  Texas De l t a s  

Color ado DS T 0.124 HS L Low 0 .5  Extremely lowii 0.05 0 . 5  
i 

T r i n i t y  HST 0.222 HS L Low 0.5 Extremely low 0.01 1 .r> 
Guadalupe DST 0.046 HS L Low 0 .4  Extremely low 0.01 0 . 3  

Foreign Del tas  

Danube HTE 6.250 HSL 0.034 0 .0  <10 14.1' <O. 05 

Lai t au re  HS A 0.025 HB L++ Extremely low 0.0 0 1 .o+ <O. 05 

( 14% 

Cat a t  umbo HT 0.944 HSL Low 0.1 <10 0.5' 0.01 

Atchafalaya River  
Del tas  HS T 5.126 HS L Low 0.5 Extremely low 0.01 1 . 3  

Note: Values represen t  average condi t ions  . Sources of da ta  were a s  fol lows:  c l ima te ,  r i v e r  d i scharge ,  
sediment t ypes ,  and alongshore cu r r en t s  were ob ta ined  from pub l i ca t i ons  on ind iv idua l  d e l t a s  as  c i t e d  i n  t e x t ;  
wave power obtained p r i m a r i l y  from Colanan and Wright (1975) and Becker (1972); t i d e  range obtained from 

(Continued) 



T a b l e  1 (Concluded) 

NOAA T i d e  T a b l e s  and p u b l i c a t i o n s  c i t e d  i n  t e x t ;  s h e l f  s l o p e  measured from maps and c h a r t s ;  and t e c t o n i c s  
( subs idence  and s e a  l e v e l  r i s e )  o b t a i n e d  from Hicks  and Crosby (1974) ,  Swanson and Thurlow (1973) ,  and pub- 
l i c a t i o n s  c i t e d  i n  t e x t .  

HST = humid s u b t r o p i c a l ;  DST = d r y  s u b t r o p i c a l ;  HTE = humid t empera te ;  HSA = humid s u b a r c t i c ;  HT = humid 
t r o p i c a l ;  HSL = high  suspended load ;  HBL = high bed l o a d .  

*Subsidence and sea  l e v e l  r i s e  i n  c e n t i m e t r e s  pe r  y e a r .  
*High suspended l o a d  d e f i n e d  a s  g r e a t e r  t h a n  95 p e r c e n t .  

+Low wave energy d e f i n e d  a s  l e s s  t h a n  1 .0  x l o7  e r g s / s e c .  
??;Extremely low a longshore  c u r r e n t  d e f i n e d  a s  0-5 cm/sec.  

Represen t s  t h e  s l o p e  of d e l t a  f r o n t  ( r e c e i v i n g  b a s i n  d a t a  u n a v a i l a b l e ) .  
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T a b l e  3 

S u m a r y  o f  Growth and D e t e r i o r a t i o n  

i n  t h e  M i s s i s s i p p i  R iver  S u b d e l t a s  

Subdel t a  
B a p t i s t e  C u b i t s  West Garden I s l a n d  

C h a r a c t e r i s t i c s  ~ o l l e t t e  Gap Bay Bay 

Date  o f  Crevasse  1874 1862 1839 189 1 

Expected 125 135 175 115 
Dura t ion  of L i f e  
Cyc le  (Years Remaining 19 17 34- 2 6 

I n i t i a l  1 . .5 9 . 0  6 . 1  7 .5  
Discharge Gra- 
d i e n t *  (m/km) 

1959 0 . 1  0 .05 0 .05 0.06 

( 1949-1974) 3 . 9  1 4 . 5  4 . 8  4 . 1  
P e r c e n t  o f  
T o t a l  Discharge*" 

1972 4 . 5  1 0 . 7  6 . 3  Not gaged 

Maximum S u b a e r i a l  

E x t e n t  (kmz) 

(Da te )  

Maximum L i n e a r  

Ex ten t  (km) 12 .9  1 9 . 3  22.2 1 2 . 8  

(Da te )  (1959) (1971) (1922) (1953) 

3 Maximum Volume (km ) 0.75 3 .50 3 .30 0 .95  

(Date )  (1971) (1971 (1971) (1971) 

Maximum 1.1 6 . 3  7 . 0  6 . 9  

S u b a e r i a l ~ r o w t h ( P e r i o d )  (1891-1908) (1891-1905) (1845-1875) (1914-1922) 
2 R a t e  (km / y r )  Average 0 .8  2 .2  2 . 7  2 . 5 

( P e r i o d )  (1874-1946) (1862-1946) (1845-1932) (1891-1922) 

Maximum 1 .8  1 2 . 9  7 . 0  2 .5  

Ra te  of D e t e r i -  ( P e r i o d )  (1958-1971) (1946-1952) (1958-1971) (1946-1953) 
2 o r a t i o n  (km j y r )  Average 1 . 0  4 . 1  4 . 1 1.1 

( P e r i o d )  (1946-1971) (1946-1971) (1932-1971) (1922-1971) 
(Continued) 

* Data from Morgan (1977) 
** Data from U.S. Army Corps of E n g i n e e r s ,  1949-1974. Garden I s l a n d  Bay based  on 

a s i n g l e  gag ing .  



T a b l e  3 (Concluded) 

Subdel t a  
B a p t i s t e  C u b i t s  West Garden I s l a n d  

C h a r a c t e r i s t i c s  C o l l e t t e  Gap Bay 

Maximum 0.013 0 .045 0.044 0.004 

Volume Growth ( p e r i o d )  (1946-1971) (1877-1905) (1946-1971) (1922-1971) 
3 

R a t e  (km I y r )  Average 0.009 0.026 0.019 0.004 

( P e r i o d )  (1891-1971) (1877-1971) (1845-1971) (1891-1971) 

Maximum 0.38 0 .61  0.76 0 .42 

L inear  Growth ( P e r i o d )  (1915-1922) (1905-1922) (1859-1875) (1891-1914) 

R a t e  (kmIyr) Average 0 .15 0.20 0 .17 0 .20 

( P e r i o d )  (1874-1959) (1874-1971) (1845-1971) (1891-1953) 



Table 4 

C o e f f i c i e n t s  Used i n  Cubic Regression Analys i s  

of Mis s i s s ipp i  River Subdel tas  

.-- 

Procedure B a p t i s t e  C o l l e t t e  Cubi ts  Gap West Bay Garden I s l a n d  Bay 

a -4.5004 -11.2219 3.8152 -3 .3499 



Table 5 

P red i c t ed  Subae r i a l  Land i n  Atchafalaya.Bay Based on Growth Rates  of M i s s i s s i p p i  River  Subdel tas  

-- -- 
Years Af t e r  P r o j e c t e d  Percent  of To ta l  Subae r i a l  Land 

Date Subae r i a l  Land Years To ta l  Area Leas t  Squares Observed Average - 
1972 0 0 0 0 0 

1980 8 0 13 .6  28.8  20.8  21 . 5  

198 5 13 5 25.0 52.9  38 .2  39.5  

1990 1 8  1 0  35.8  75.8  54.8  56.6 

199 5 23 1 5  4 5 . 0  95 .3  68.8  71.4  

2000 2 8 2 0 56 .3  119.2 86 .1  89 . O  

2005 33 2 5 6 5 . 8  139.3  100.6 104.0  

2010 3 8 3 0 74.5  157.8  113.9  117.8 

201 5 4 3 3 5 8 2 . 3  174 .3  125.9 130.1 

2020 48 40 89 - 0  188.5  136.1  140 .7  

2025 5 3 4 5 9 4 . 3  199.7 144.2 149.1 

2030 58 5 0 98 - 0  207.5 149.9 154.9 

2035 63 55 98 .5  208.6  150.7 155.7  

2040 68 6 0 96 .8  204.9 148.1 153.0  

2045 73 65 91 .8  194.4  140.4  145.1 

2050 7 8 70 8 5 . 5  181.1 130.8  135.2 

Note: Ex i s t i ng  s u b a e r i a l  land i n  Atchafalaya Bay i n  1980 was determined by l e a s t  squares  i n t e r -  
p o l a t i o n ,  observed v a l u e s ,  and average va lues  f o r  1975-1980. 



APPENDIX A: MAPS D I G I T I Z E D  FOR GENERIC ANALYSIS 

Date* 

18 17 

1838 

1845 

1855 

1875 

1885 (1877) 

1885 (1884) 

1886 

189 1 

189 1 

1893 (1891) 

1906 (1905) 

1925 (1922) 

1928 

1930 

1933 (1932) 

19 33 

1935 

I d e n t i f i c a t i o n  
Source Name or  Number 

Nat. Archives Pouisson 

Nat. Archives Talcot  t 

Nat. Archives 

C and GS 

Nat. Archives 

C and GS 

C and GS 

C and GS 

USGS 15' 

USGS 15'  

USGS 15'  

C and GS 

C and GS 

Carib. P e t r o .  Co. 

La Toure t te  

T r i n i t y  Bay 

Howell 

194 

194 

194 

East  Del ta ,  La. 

West Del ta ,  La. 

F o r t ,  La. 

194 

1272 

Lake Maracaibo 

Carib.  P e t r o .  Co. Lake Maracaibo 

C and GS 1272 

C and GS T r i n i t y  Bay 

USGS 15'  Garden I s .  Pass 

15' Quad 

USGS 15'  W. Del ta  

Army Map Serv ice  Anahuac, Tx 

Carib.  Pe t ro .  Co, Maracaibo Bar 

Survey 

C and GS 1272 

USGS Breton Sound 

COE 15'  East  Del ta ,  La. 

La. 15 '  

(Continued) 

Sca l e  

1:61,000 

1 : 61,000 

1 :80,000 

1:24,000 

1 :80,000 

1:80,000 

1:80,000 

1:80,000 

1:62,500 

1:62,500 

1 : 62,500 

1:80,000 

1:80,000 

1:20,300 

1:50,000 

1:80,000 

1:24,000 

1 :62,500 

Area of 
I n t e r e s t  

WB 

MD 

WB 

TD 

WB 

CG 

MD 

MD 

C G ,  G I B  

WB 

WB, BC 

MD 

MD 

CAD 

CAD 

MD 

TD 

CG 

C G ,  WB 

TD 

CAD 

MD 

CG 

C G 

G I B  



Appendix A (Concluded) 

Date* 

1958 

1960 (1958) 

1961 

1971 

1971 

1971 

Source 

USGS 15 '  

USGS 15 '  

USGS 7.5 '  

USGS 7.5'  

USGS 7.5'  

USGS 7 .5 '  

USGS 7.5 '  

USGS 7 .5 '  

USGS 7 .5 '  

USGS 7.5'  

USGS 7 .5 '  

USGS 7.5 '  

USGS 7.5 '  

USGS 7.5'  

USGS 7.5'  

USGS 7.5 '  

Texas Bur. 

Econ. Geol. 

I d e n t i f i c a t i o n  
Name o r  Number Sca l e  

West Bay, La. 1:62,500 

Venice, La. 1:62,500 

Anahuac, Tx 1:24,000 

Dixon Bay, La. 1: 24,000 

G I  Pa s s ,  La. 1 : 24,000 

Pass  a Loutre ,  1:24,000 

Eas t  La. 

Pass  a Loutre ,  1:24,000 

West La. 

Pass  du Bois ,  1:24,000 

La. 

Pass  Tante Phine 1:24,000 

South Pas s ,  La. 1:24,000 

P i lo t town,  La. 1:24,000 

Triumph, La. 1:24,000 

Venice, La. 1:24,000 

Matagorda, Tx 1:24,000 

Austwel l ,  Tx 1:24,000 

Anahuac, Tx 1:24,000 

Matagorda Bay 1:24,000 

Area of 
I n t e r e s t  

CG, WB 

CG, BC, WB 

G I B  

C G ,  G I B  

CG,  G I B  

WB 

G I B  

CG, WB 

WB 

CG, BC, WB 

CD 

GD 

TD 

CD 

CG - Cubits  Gap 

MD - Miss i s s ipp i  Del ta  

G I B  - Garden I s l and  Bay 

AB - Atchafalaya Bay 

BS - B a p t i s t e  C o l l e t t e  

WB - West Bay 

TD - T r i n i t y  Del ta  

GD - Guadalupe Del ta  

CD - Colorado De l t a  

CAD - Catatumbo Del ta  

*Date of  p u b l i c a t i o n  ( d a t e  of survey, i f  d i f f e r e n t )  



APPENDIX B: LANDSAT IMAGES USED TO CONSTRUCT 

ATCHAFALAYA DELTA GROWTH CURVES 

Date 

26 Sep 73 

1 Nov 73 

19 Nov 73 

7 Dec 73 

30 J a n  74 

17 Feb 74 

30 Apr 74 

11 J u l  74 

4 o c t  74 

2 Dec 74 

12 Feb 75 

2 Mar 75 

16 Apr 75 

24 J u l  75 

25 Sep 75 

31 Oct 75 

27 Nov 75 

6 Dec 75 

20 Jan  76 

29 J a n  76 

25 Feb 76 

1 Apr 76 

10 Apr 76 

3 Jun 76 

12 Jun  76 

Microform 
No. 

1100150947 

1100161528 

1100180221 

1100180838 

1100200912 

1100201587 

1100240716 

1100270099 

1100310127 

1100320688 

1100340355 

1100350555 

2100050111 

1100400252 

2100110218 

2100120526 

1100440199 

2100130700 

1100450660 

2100150057 

1100470152 

1100480314 

2100171211 

2100190512 

1100500562 

Water Level 
cm 

-1.5 

19.8 

28.9 

-22.9 

32 .O 

1.5(2.0) 

57.9 

33.5 

38.1 

-36.6 

1.5 

13.7 

42.7 

27.4 

6 .1  

13.7 

-4.6 

-7.6(-13.0) 

-3.0 

-15.2 

-12.2 

18.9 

19.8 

37.5 

36.6 

(Continued) 

Exposed Area 
'-I 

kmL 
Lower 

Atchafalaya Wax Lake 
River  O u t l e t  Out le t  

5.70 0.44 



Appendix B (Continued) 

Exposed Area 

km 
2 

Date - 
10 Feb 77 

28 Feb 77 

18 Mar 77 

5 Apr 77 

23 Apr 77 

11 May 77 

17 May 77 

29 May 77 

4 Jun 77 

22 Jun  77 

7 Nov 77 

5 Feb 78 

27 Apr 78 

15 May 78 

17 J u l  78 

4 Aug 78 

24 Oct 78 

2 Nov 78 

11 Nov 78 

17 Dec 78 

26 Dec 78 

22 Jan  79 

9 Feb 79 

27 Feb 79 

8 Mar 79 

Microform 
No. 

2100270477 

2100280066 

2100281124 

2100290630 

2100291291 

2100300359 

1100580332 

2100310703 

1100590246 

1100600073 

Water Level 
cm 

(6.1)  

-7.9 

-7.9 

0.0 

12 .o 
35 .O 

26 .O 

28.3 

32.0 

21.3 

16.5 

-18.1 

20.7(18.3) 

16.5 

20.7(30.0) 

-1.5 

10.2(11.0) 

-6.6 

(-1.5) 

-9 .O 

4.0 

6 .O 

8 .4  

13.5 

17.4 

Lower 
Atchafalaya Wax Lake 
River Ou t l e t  O u t l e t  

-- 1.49 

(Continued) 



Appendix B (Concluded) 

Exposed Area 

k m  
2 

Lower 
Microform Water Level Atcha f a l aya  

Date No. c m River Ou t l e t  

17 Aug 79 7900160137 21.3 9.96 

24 Nov 79 7900600061 -5.5 31.96 

4 Feb 80 -- -8.7 33.78 

4 Oct 80 7900360047 19.8 11.26 

9 Nov 80 7900330332 -22.9 36.28 

24 Mar 81 7900591028 -15.5 25.64 

Wax Lake 
Out le t  

1.04 

3.70 

Note: A l l  images were from Path 24, Row 40, of LANDSAT g r i d .  Occasionally 
water  l e v e l  i n  the Wax Lake Ou t l e t  Del ta  d i f f e r e d  from t h a t  i n  t he  Lower 
Atchafalaya River Del ta ;  Wax Lake water l e v e l s  a r e  given i n  parentheses .  




