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ABSTRACT _

ROBERTS, H.H., 1997. Dynamic Changes of th e Holocene Mississippi River Delt a Plain : The Delta Cycle. Journ al of
Coasta l Research, 13(3), 605-627. Fort Laud erdale (Florida), ISSN 0749-0208.

Previous geologic resear ch on Holocene Mississippi River delt aic deposits has verified that the present delta plain and
associa ted nearshore bar rier islands and subma rine shoals are either direct or indirect produ cts of cyclic delta-building
even ts tha t have operated on a variety of temporal and spatial scales. A major depositi onal element of the modern
delta plain is the delt a complex, of which th ere are six: (1) Mar ingouin, (2) Teche, (3) St. Bernard, (4) Lafourche, (5)
Balize, and (6) Atchafalaya. Major delta-building events have occurred at a frequency of one every 1- 2 kyr . Deposit s
associated with the six major delt a complexes are fundamental constructional units of th e delta plain , which collec
tively covers an area of - 30,000 km-. Sedimentary deposit s associated with these delta-bu ilding events ra nge in
thickness from about 10 to 100 m. Their construction is modulated by st rea m capt ure , which develops a new delta
complex by way of a new river course. Delta complexes may be compr ised of one or more delta lobes. As a product of
th is delta switching, th e depositional architecture of the delta plain consists oflaterally offset and stacked delta lobes.
With in delta lobes are subdeltas and even smaller crevasse-splays . These smaller scale delt as sedimentologically and
geomorphically mimic their larger delt a lobe coun terparts, but th ey are considerab ly thinner, cover less area , and
have a shorter period of development an d aban donment. Subdeltas ar e usu ally < 10 m thick and may fill sha llow
bays that cover over 300 krn-. They build and deteriorate on time -scales of 150-200 years. Crevasse-splays or overbank
splays are < 5 m thi ck, cover only a few square kilometers, and are aba ndoned afte r severa l decades of active growth.

Each delt a evolves through a rapid regressional phase as wate r and sediment are capture d from an antecedent
river course . If highstand conditions persist long enough, delt as may prograde to th e outer shelf to form wedges of
deltaic sediment much thicker tha n their inner shelf counterparts. The delt a-building process sta rts with the filling
of int erior lakes (lacustrine deltas), which is followed by bayhead delta-buil ding at the coast , an d fina lly by progra
dation across the marine shelf (shelf delta ). Delta complexes and delta lobes, as well as their smaller counterparts,
experience three phases of growth and abandonment : (1) rapid growth with increasing-to-stable discharge, (2) relative
stability during init ial stages of waning discharge, when sediment input balan ces the collective effects of subsidence,
an d (3) aba ndonment , followed by rapid subsidence-driven subaeria l delta deter iorat ion. In th e rapid growth stage,
formerly eroding-subsiding coasta l environments experience delt a plain accretion and coastal progradation from re
newed sediment input . On the aba ndonment side of the cycle, marine processes overwhelm fluvial processes and
rework the delta perimeter. Forced by the combined processes of subsidence, the delt a sur face und ergoes progressive
submergence . Transgressive sand bodies created by wave reworking of th e delta evolve from headl and beaches and
spits, to barr ier island s, and fina lly to submarine shoals as the abandonment phase is completed.

ADDITIONAL INDEX WORDS: Delta cycle, progradation, subsidence, shoreline change.

INTRODUCTION

Rationale

This paper cons ti t utes a review of the dep osi ti on al frame
work of Holocene Mississippi River del t a ic dep osits with a
focus on the cycl ic nature of the delta-building process . The
delta cycle concept is exten de d beyond de t a il provid ed by pre
vious workers with the intent of es tablish ing a sim ple con
ceptual form at for understanding a n ext remely complex net
work of dep osit ional enviro nmen ts. Un de rs tanding the delta
cycle is fundamentally important to both geoscientis ts, wh o
want to know the geo metries of se di ment bodies a nd their
stratigraphic relationships and environ mental planners an d
engi neers, who need to understand natural changes that del-
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taic surfaces and coastlines a re likely to undergo. An appre
ciation of t h e fundamental processes an d product s a ssociated
with the delta cycle provides a fr amewor k for predicting be
havior of a delta within the Mississ ippi Ri ver Holocen e de
posit s in both its fiu vially dominated regressi ve phase a nd it s
marine-dom inated transgressi ve pha se .

Setting

Holocene dep osits of the Mississippi River are products of
a dra in age ba sin that covers 3,344,560 km", abo ut 70% of the
contiguous states of the contin en tal Un ited States an d parts
of two provinces of Canad a (COLEMAN, 1988). Although
drainage from the mid-continent h a s been prograding the
n or thern rim of t he Gulf of Mexico s in ce the early Cretaceous
(BUFFLER, 1981), it is on ly during the Holocene that specific
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Figure 1. The Mississippi River deltaic plain, illustrating the locations of major delta complexes, including their approximate ages and sizes.

river courses and associated delta plain depositional re
sponses can be linked with reasonable confidence. Because of
the meandering nature of all exposed Mississippi River cours
es and the similarity of their meander belt characteristics,
most researchers have concluded that long-term average riv
er discharge has not changed significantly during the Holo
cene and that the river has been subject to a regular flood
nonflood annual discharge cycle. Presently, the Mississippi
River discharges an average of over 15,360 mvsec of fresh
water into the Gulf of Mexico, with maximum discharges
reaching nearly 60,000 m-/sec. Annual sediment discharge of
the Mississippi River is estimated at about 6.21 X lO" kg;
bedload consists of 90% fine sand and suspended load is char
acterized by 65% clay and 35% silt in the lower river (Co
LEMAN, 1988). To the west (Figure 1), its relatively new dis
tributary, the Atchafalaya River, captures - 30% of the Mis
sissippi River flow at Old River , north of Baton Rouge. Com
bined with water contributed by the Red River, an average
annual discharge of about 6500 m 3/sec is typical of the At
chafalaya River (MOSSA, 1990). In comparison, the Atchafa
laya River annually discharges an average of about 2.2 X 108

kg of sediment into Atchafalaya Bay and onto the adjacent
shelf (ROBERTS et al., 1980b).

Compared to many other major river deltas, the Mississip
pi and Atchafalaya Rivers are building their deltas into a
quiescent receiving basin, the Gulf of Mexico, which is char
acterized by low annual wave , tidal, and current energy
(WRIGHT and COLEMAN, 1973). Resulting deltas from these
rivers are perhaps the best examples of the river-dominated
delta type (GALLOWAY, 1975; WRIGHT and COLEMAN, 1972;
COLEMAN and WRIGHT, 1975 ).

Historical Background

Detailed geologic research on Holocene Missi ssippi River
delta deposits started with the studies of TROWBRIDGE
(1930), RUSSELL and HOWE (1935), RUSSELL (1936, 1939,

and 1940), FISK (1938), and RUSSELL and RUSSELL (1939).
These early investigations described the dendritic shapes of
delta lobes, identified many abandoned river courses and
their depositional components, and made the fundamental
observations that led to understanding that delta plain con
figuration is a product of multiple offset and overlapping del
tas. Later, results by FISK (1944, 1947, 1952, 1955), FISK et
aZ. (1954), FISK and McFARLAN (1955), and KOLB and VAN
LOPIK (1958) clearly established that these researchers un
derstood that each major delta-building episode was charac
terized by a rapid regressive phase that deposited a broad
delta, followed by eventual fluvial abandonment and trans
gressive reworking of the deltaic deposits. Understanding
this cycle of events started with identification of abandoned
Mississippi River courses in the alluvial valley and their link
age downdip to the deltas they built. RUSSELL (1940) was the
first to publish on this relationship. Early work by FISK
(1938) in the alluvial valley (GRANT and LASALLE parishes,
Louisiana) identified ancient courses of the Mississippi and,
along with similar observations by TROWBRIDGE (1930) and
RUSSELL (1936), helped set the stage for Russell's later and
more comprehensive observations. This body of work led to
the well known and widely accepted concept of "delta switch
ing ," the fundamental depositional style that has shaped
coastal environments of the Mississippi River delta plain
throughout Holocene times (Figure 1).

THE DELTA CYCLE

Delta plain construction by a series of major delta-building
events was firmly established as a new and important con
cept by the mid-1950s, and a rough chronology was worked
out by archeological relationships (McINTIRE, 1954). Work on
these relationships culminated in the late 1950s with the
study by KOLB and VAN LOPIK (1958), who constructed a now
widely used diagram of delta complexes and their respective
ages. Later, McFARLAN (1961) and FRAZIER (1967) added a
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temporal framework to delta building provided by radiocar
bon dating. Through numerous borings and radiocarbon
dates , FRAZIER(967) subdivided th e delta plain into sixteen
separa te delt a lobes. Fourteen of these deltas were as sociated
with th e Teche , St . Bernard, and Lafourche delta-building
episodes, two delt as were assigne d to the most recent delta
building event which has culminated in th e active Balize or
"birdfoot" delta. Smaller within-delt a depositional cycles
were not clearly identified in Frazier's work or in th e re
sea rch of earlier workers, even though WELDER (959) pro
vided th e first det ails on th ese depositional systems. COLE
MAN and GAGLIANO(964) were th e first to stress the orderly
repetition of subd elt a and crevasse-splay deposition within
a major delta. Their observa tions clearly defined th e cyclic
depositi onal style of delta lobes and th eir smaller scale sub
delta components (Figure 1).

Since delta terminology is defined in different ways by dif
ferent authors , thi s paper will attempt to establish th e most
accurate hierarchy of terms used consistently by authors who
did the fundamental research on Holocene delt a geomorphol
ogy and chronology. Commonly cited previous studies (KOLB
and VAN LOPIK, 1966; FRAZIER, 1967) indicated that th e Ho
locene delta pla in is built from six delt a complexes : 0 ) Mar
ingouin , (2) Teche, (3) St. Bernard, (4) Lafourche, (5) Balize,
and (6) Atchafalaya. These events typi cally had a duration of
1000-2000 years, produced marshlands that covered up to 
15,000 krn-, and developed sedimentary sequences up to 
30 m thick on the inner shelf.

Within a delt a complex th ere may be severa l major distrib
utaries th at produce ind ividu al delt a lobes. FRAZIER ( 967)
identified sixteen delt a lobes within the six delta complexes
identified above. Within a delta lobe, subdeltas and smaller
crevasse -splays or overbank splays develop from seconda ry
cha nnels that become esta blished from break s in th e natural
levees of major distributari es. WELDER(959) and COLEMAN
and GAGLIANO (1964) illustra ted th at subdeltas fill sha llow
bays flanking major deltaic distributari es with th in sedimen
tary sequences, typically less th an 10m thi ck, and may have
a subaerial expressi on of over 300 km2 at peri ods of maxi
mum development. Evoluti on of a subdelta from initi ation of
a sediment disp ersal network to abandonment, subsidence,
and open water conditions takes - 150-200 years . Much
smaller crevasse-splays or overbank splays have deposi
tion-aband onment cycles of a few decades , duration and pro
duce wedges of sediment only a few meter s thi ck. Therefore,
th e hierarchy of major depositional features comprising th e
Holocene deltaic deposits of th e Mississippi River are: 0 ) del
ta plain (Lst order ), (2) delta complex (2nd order ), (3) delta
lobe (3rd order ), (4) subdelta (4th order), and crevasse-splay
or overbank splay (5th order ). This series of "deltas within
deltas" results from cyclic deposition tha t occurs on different
temporal and spatial scales. The orderly progression of events
th at accompanies both th e rapid regressive pha se and the
slower tr an sgressive phase of th ese delta-building events can
be explained by th e "delta cycle."

Figure 2 schemat ically explai ns th e delta cycle in terms of
th e dynami c and progressi ve stages in th e development of a
major delta lobe, from stream capture and esta blishment of
a well-defined channel network to abandonment , subsidence,

and transgressive reworking to form beaches, spit s, barrier
islands, and finally submarine shoals. In the following sec
tions of this paper, each phase of delta development and
abandonment will be discussed by us ing examples from the
Holocene Mississippi River delt a plain in various stages of
the delta cycle.

Delta Initiation and Rapid Growth: Fluvially
Dominated Regressive Phase

Initiation of a major delta starts with the availability of
modest volum es of sediment ass ociate d with the first stages
of the stream capture process . As Figure 2 illu strates, delta
building starts by filling of inland lakes. Lacu strine deltas
soon are replaced by delt a bu ilding at the coast and finally
on th e marine shelf. Figure 3 illustrates these three stages
in th e evolution of a delta lobe using th e lacu strine deltas of
Atch afalaya Basin , th e bayhead deltas in Atch afalaya Bay,
and th e shelf stage Balize delta as the latest Holocene ex
amples.

Stream Capture and Lacustrine Delta Development

Within th e pre sent Holocene delta plain, only th e Atchaf
alaya River is capturi ng significant wat er and sediment from
the Mississippi River . Stream capture by th e Atchafalaya
st arted at least by th e 1500s (FISK, 1952). This event initi
ated th e first stages of building a new delta . Until the 1900s,
diver sion of Mississipp i River water and sediment down the
Atch afalaya course was spora dic, but was aid ed periodically
by dredging and by clearing of log-jam s (FISK, 1952). As
stream capture became more efficient through the early-to
middl e 1900s, discharge steadily increased until it was sta
bilized in 1963 with a control structure that regulates flow
down th e Atchafalaya to 30% of the Mississippi flow (plus an
added contribution from the Red River ). However, sedimen
tati on at the coas t was not noticeable until th e early 1950s
(MORGAN et al., 1953). Although the Atchafal aya course to
th e Gulf of Mexico is 307 km shorte r than its Miss issippi
River counte rpa rt (ROBERTS et al., 1980b), several centuries
were required after st ream capture started, to fill Atchafa
laya Basin with sediments so th at significant quantities of
sedim ent could by-pa ss the basin and be deposited at th e
coast. By the late 1940s-early 1950s th e intricat e network of
swamps and lakes of th e basin had filled with fluvial sedi
ments so that significant quantit ies of sus pended sediments
were transported through the basin to Atchafalaya Bay. Bay
bottom accreti on and coastal progradation starte d in local ar
eas . The basin-filling process th at preceded deposition at the
coast was accomplished largely through lacustrine delta fill
ing of th e numerous shallow lak es th at existed throughout
th e basin 's history (TYEand COLEMAN, 1989a, b). Lacustrine
deltas are presently filling the few remaining lak es in th e
southe rn part of the basin (Figure 4). TYE and COLEMAN
(1989a ) suggest th at lacustrine delt a-building is a very rapid
process. Most of th e lacustrine delt as th at now fill the many
lak es of the basin and comprise a significant part of th e At
chafalaya Basin sedimentary fill probably developed in a few
centuries .

The stratigraphic record documents numerous stac ked and
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Figure 2. A graphic representation of the delta cycle stressing processes and responses in both the river-dominated regressive and marine-dominated
transgressive phases of development.

laterally offset lacustrine deltas 1-5 m thick that resulted
from subsidence-driven depositional cycles incorporating la
custrine, lacustrine delta, and swamp deposits. Because of
strong underflows developed by sediment-laden river water
entering a freshwater lake, sand-rich deposits in these deltas
tend to be organized into elongate lobes that sometimes scour
into underlying lacustrine deposits (Figure 5). These sands
are categorized as distributary mouth bar and subaqueous
levee deposits by 1'YE and COLEMAN (l989b). Although there
is considerable sedimentologic variation in lacustrine deltas,
a coarsening-upward sequence over laminated and bioturbat
ed lacustrine clays , silty-clays, and .silts is typical. These del
tas in the Atchafalaya Basin have a parallel-laminated pro
delta mud base which is followed by rippled to cross-lami
nated delta front silty sand and very fine-grained to medium
grained distributary mouth bar sands (TYE and COLEMAN,
1989a). Once a lacustrine delta is deposited, subsidence en
courages backswamp development on top of the delta and
across the former margins of the shallow lake that was filled.
Therefore, these lacustrine/lacustrine delta sedimentary cou
plets are frequently constrained below and above by highly
organic, throughly burrowed, and fine-grained swamp depos
its.

The present filling of the last lakes in the southern part of
the Atchafalaya Basin represents the final chapter in the la
custrine delta phase of major delta lobe development (Figure

4). The presence of two small but well-developed deltas at the
coast, Atchafalaya and Wax Lake deltas in Atchafalaya Bay
(Figure 6), indicates that the bayhead delta stage of the de
velopmental cycle is underway and that the final shelf delta
stage will be initiated in the very near future.

Bayhead Delta Stage-Atchafalaya/Wax Lake Deltas

Deposition of Atchafalaya River sediments in Atchafalaya
Bay marked the beginning of bayhead delta building. This
event drew little attention from the scientific community un
til MORGAN et al. (1953) recorded new mudflat accretion
along the eastern chenier plain coast and Shlemon (1972;
1975) published results of U.S. Corps of Engineers bathy
metric surveys showing dramatic shoaling around both the
Lower Atchafalaya River Outlet and the Wax Lake Outlet (an
artificial channel dredged in 1942). Later ROBERTS et al.
(l980b) followed these initial observations with an appraisal
of the Atchafalaya delta's early stages of subaerial growth,
which started after the enormous flood of 1973. Peak dis
charges for the Atchafalaya River averaged about 11.5 X 103

mvsec prior to the 1973 flood, which peaked at over 20 X 103

m3/sec. This flood scoured and resuspended sands stored in
the lower Atchafalaya River channel, as interpreted from sig
nificant channel deepening (ROBERTS et al., 1980). As a con
sequence, coarse sediment was transported to Atchafalaya

J ourn al of Coastal Research, Vol. 13, No. 3, 1997



29"

G U L F OF
",~

o SO 1)0 ~------- /SCALE (KII) t:'
o

Louisiana Barrier Island s 609

Figure 3. The three sta ges of delta development in the river-dominated regressive phase (Figure O. The delt a evolves through deposit ion oflacus trine
delta s to bayhead delt a , followed by progradation onto the marine shelf. Holocene examples of these delta types are highlighted. Images were compiled
from LANDSAT TM 1993 data (composite from Band s 7, 5, 3).

Bay, where it created sand-rich lobes that became part of a
new subaerial phase of bayhe ad delta growth. Discharges
down the Atchafalaya were unusually high in 1974 and 1975
as well. During these years the delta grew steadily as the
sediment load changed from a dominance of clay and silt in
the early 1950s to an increasing abundance of sand through
the early 1970s (ROBERTSet al., 1980). Prior to the high-wa
ter years of the early 1970s, per iodic sampling of th e lower
Atchafalaya River indicated an average annual suspended
sediment load of 42.6 X 106 metric tons (1965-1971 ) (USA
COE, 1974). During the three high-water years of the early
1970s, the average annual suspended sediment load more
than doubled, the lower Atchafalaya River carrying 88.9 X

106 metric tons (USACOE, 1975). It is interesting to note that
the coarsest particles (fine- to medium-sized sand) being car
ried by the lower Atchafalaya River can be easily transported
as suspended load at flood velocities (200-6 00 em/sec).
Sand-sized sediment introduced into the Atchafalaya River
during 1973-75 near the diversion point was 34 X 106 metric
tons (ROBERTS et al., 1980b), which represents a two-fold in
crease over previous years (1967-71). During the same peri
od, U.S. Corps of Engineers data (ROBERTS et al., 1980b) in-

dicate, 30.7 X 106 metric tons of sand were introduced into
Atchafalaya Bay through both the lower Atchafalaya and
Wax Lake outlets, a seven -fold increase over previous years
(1967- 71). These figures support the interpretation that sand
deposits in the lower reaches of the Atchafalaya River system
were scoured and transported to the bay (ROBERTS and VAN

HEERDEN, 1992). The net result of three high water years in
th e early 1970s, which forced a substant ial increase in sand
t ransport to Atchafalaya Bay, was to start the subaerial
growth of two small deltas at th e Atchafalaya River and Wax
Lake outle ts, both of which are expre ssions of the bayhead
delta stage in the early evolution of a new delta lobe (Figure
6).

Figure 7 illustrates the steady increase of subaerial land
that evolved for each delta from 1973 to 1990. The Atchafa
laya delta curve is more variable than the one for the Wax
Lake delta, partially because of the deep navigation channel
through the Atchafalaya delta that is periodically dredged
and maintained as an efficient conduit for sediment transport
to the Gulf of Mexico. Times of distinct growth are in re
sponse to high flood years, when sediment is t ransported out
of the navigation channel and spread th rough the natural
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Figure 4. A record of filling of Grand Lake-Six Mile Lake in the southern Atchafalaya Basin with sand- rich lacustrine deltas (modified from Roberts et
al ., 1980).

delta distributary network. During low water years, local de
watering and compaction, as well as sediment redistribution
associated with winter cold front-generated waves , causes re
ductions in lobe elevations and apparent land loss (VAN
HEERDEN and ROBERTS, 1980).

Marshlands around the perimeter of Atchafalaya Bay,
which were deteriorating prior to the 1950s , are now actively
accreting because of the availability of abundant suspended
sediments. Turbid water is transported to the marshlands
during high water level events associated with floods and wa
ter level set up caused by frontal passages during the winter
months. Fronts are accompanied by strong winds, which
cause wave-resuspension of sediment in coastal bays. Water
level setup against the bay shoreline before the front passes
forces turbid water into surrounding marshlands. The fact
that the cold front season overlaps the period of maximum
suspended sediment transport by the Atchafalaya River max
imizes the availability of fluvial sediment to marshlands sur
rounding Atchafalaya Bay (MOSSA and ROBERTS, 1990). This
back-water effect has enhanced substrate accretion and re
vitalized plant productivity in this area since the late 1960s
and early 1970s.

Figure 8 illustrates a developmental history of the Wax
Lake bayhead delta, which has been less modified by man's
activities than its counterpart opposite the Lower Atchafa
laya River Outlet. Progradation of this delta lagged behind
the Atchafalaya delta because Wax Lake had to be filled with
lacustrine delta deposits before significant quantities of sand
and silt could be transported to Atchafalaya Bay.

Since the Atchafalaya delta appeared first and had the fas
test initial growth (Figure 7), most detailed geomorphic and
sedimentologic research has been concentrated on this fea
ture (ROBERTS et al., 1980b; VAN HEERDEN and ROBERTS,
1980; VAN HEERDEN, 1983; VAN HEERDEN et al., 1983). More

than two decade s of study indicate that increases in delta
area are largely related to fusion of sand-rich lobes by chan
nel filling and upstream lobe growth. Figure 9 illustrates the
results of this process (1976-1991) from the eastern part of
the Atchafalaya delta, which displays minimal modifications
by man's act ivitie s. Coring confirms that sand-rich deposits
are added to the upstream ends of subaerial lobes as they
fuse to become larger features. These lobes are composed pri
marily of distributary mouth bar and subaqueous levee de
posits that became subaerial through overbank sedimenta
tion and levee accretion. Present deposits of the Atchafalaya
bayhead delta are thin (-3-4 m) becau se of limited accom
modation space, have a limited (-1 m thick) prodelta facies,
and consist mostly of silt/sand-rich distal bar, distributary
mouth bar, and subaqueous levee deposits. Figure 10 is a
cross section through the eastern part of the Atchafalaya del
ta constructed from vibracores. It illustrates the thin vertical
sedimentary sequence and facies architecture of this bayhead
delta.

The Atchafalaya River diversion of Mississippi River water
and sediment has not only initiated a new delta through the
progradational continuum of freshwater lacustrine deltas
(Atchafalaya Basin fill) and bayhead deltas (Atchafalaya
Wax Lake deltas), but Atchafalaya River sediments are im
pacting downdrift coasts. Studies by WELLS and ROBERTS
(1980), KEMP (1986), ROBERTS et al. (1989), and HUH et al.
(1991) have documented renewed progradation of the eastern
chenier plain where coastal retreat of 3-8 rn/yr (MORGAN and
LARIMORE, 1957) was characteristic prior to the significant
input of Atchafalaya River suspended sediments to coastal
Louisiana in the early 1950s. As more fine-grained sediments
are transported westward, coasts that have been retreating
throughout historical times are stabilizing or starting to pro
grade. Prograding coasts are fronted by a blanket of fluid
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Figure 5. Schematic representation of lacustrine delta evolution illustrating (a) morphology of elongate lobes characte ris tic of th ese delta types and (b)
sedimentary architecture of a fully developed delta (modified from Tye and Coleman , 1989).

mud that is transported shoreward, largely in response to
processes associated with frontal passages during the fall and
winter months, as documented by the studies cited above.
This episode of renewed sediment supply to western Louisi
ana coasts is revitalizing the eastern chenier plain an d caus
ing coastal progradation of over 50 m/yr in very local areas
since the mid-to-late 1980s (Figure 11). Although the zone of
coastal progradation is lengthening and moving westward,
recent studies of southwestern Louisiana coast shoreline dy
namics by BYRNES et al. (1995) and McBRIDE and BYRNES
(1995) show that the coast is still dominated by alternating
sectors of retreat (to 11 m/yr ) and advance (to 20 m/yr). With
continued input of Atchafalaya River suspended sediments to
the coastal drift. system, which has a net motion to the west,
these areas of dynamic shoreline retreat are expected even
tually to stabilize and then go into a progradational phase.
As Figure 2 indicates, this response is to be expected through-

out the fluvially dominated regressive pha se of delta lobe de
velopment.

Shel f Stage Delta-Build ing

The Balize or bir dfoot delta is the only modern example of
an active shelf-stage delta (Figures 3 and 12). It began pro
grading over 1000 years ago (Mc FARLAN, 1961; SAUCIER,
1963; T. TORNQVIST, personal communication ) and assumed
a southeasterly course between the relatively high topogra
phy establi shed by the earlier St . Bernard lobe to the east
and Lafourche delta to the southwest (Figure 1). These
boundary conditions defined a narrow fairway that helped
.steer the delta into its present deep-water position near the
shelf edge . Increasing accommodation space as the delta
emerged onto the middle shelf caused delta progradation to
slow and the sedimentary sequence of deltaic deposits to
thicken significantly (from - 30 m to > 100 m ),

Journal of Coastal Research, Vol. 13, No. 3, 1997



612 Robert s

Figure 6. High altitude photograph of the Wax Lake and Atchafalaya bayhead delta s (December 1990). This photograph was taken following a cold
front passage. Note the bay water streaming offshore in response to winds from the north.
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Rates of deposition and general deltaic progradation have
probably slowed in the Balize delta over the last century.
Since 1850, KESEL (1988) estimates, a ~ 50% decrease in
suspended load sediments transported by the lower Missis
sippi River has occurred. Changes in discharge have resulted
primarily from land use practices and dam construction on
tributaries. In addition, steady capture of flow by the At
chafalaya River , now controlled at 30% of Mississippi River
discharge, has also diminished sediment availability to the
Balize delta. Nevertheless, major distributaries of the delta
are still actively prograding into the Gulf of Mexico, creating
elongate distributary mouth bar sands (Figure 13), or bar fin
ger sands (FISK, 1961), that thicken locally and produce ver
tically displaced prodelta deposits or mudlumps (MORGAN,
1961).

In contrast to the thick Balize lobe that has prograded to
near the shelf edge, thinner inner shelf deltas, such as the
Lafourche and St. Bernard, cover larger areas (11,310 km 2 vs
15,470 km-; Figure 1) and have more numerous distributaries
with facies that merge laterally. These deltas undoubtedly
prograded at rates in excess of the 12-13 km/century rate
typical of Southwest Pass progradation in the Balize delta,
as determined from data presented by FISK (1961).

FISK (1955) recognized that the distributary mouth bar
sands of the thin inner shelf deltas were different from those
of the thicker and deeper water Balize lobe. He described the
fused distributary mouth bar sands from the numerous close
ly spaced bifurcated distributaries typical of these deltas as

"delta-front sheet sands" (Figure 14). These sands, typically
6-20 m thick, are the major sand-rich facies of inner shelf
deltas such as the Lafourche. Both the modern shelf-stage
Balize delta and earlier inner shelf counterparts display a
typical coarsening-upward sequence associated with the pro
gradation of distributary mouth bar sands over a fine-grained
prodelta platform. Unlike the thicker Balize delta, channels
of thin inner shelf deltas frequently cut completely through
their distributary mouth bar deposits.

WELDER (1959) and COLEMAN and GAGLIANO (1964) doc
umented the thin depositional units that cyclically prograde
levees and fill interdistributary bays and other shallow ac
commodation spaces that occur stratigraphically above the
thicker coarsening-upward delta sequence described above.
During the early growth stage, these depositional features
receive primarily suspended load sediments through small
breaks in the channel banks and levees. Later, as the break
widens and deepens, coarser sediments are introduced to the
shallow bays flanking the river channel. WELDER (1959) ini
tially described the process by which overbank sedimentation
forms substantial areas of marshland in the Balize delta. Co
LEMAN and GAGLIANO (1964 ) later explained the cycle of de
position and deterioration associated with subdeltas or bay
fills. These features have been responsible for most of the
marshlands associated with the Balize delta. Figure 12 illus
trates the cyclic depositional features of the modern birdfoot
delta and the dates they were initiated. Because a variety of
terms are used in the scientific literature to describe these
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depositional forms, it is appropriate to define terms used in
this discussion. Crevasse-splays/overbank-splays are small
scale depositional forms that develop from flood waters flow
ing out of the channel bank, overtopping and scouring the
natural levee, and building a fan-shaped extension of the
levee surface flanking the channel. In the initial stages, one
of these features may appear as illustrated in Figure 15a. If
the natural levee is narrow and separates the channel from
a well-defined open water area (e.g., interdistributary bay) , a
splay will develop that mimics larger deltas. Figure 15b
shows one of these forms developing in the subsided proximal
part of a much larger subdelta. The overbank splay in Figure
15b scoured through Bryant Bayou in the Cubit's Gap bay
fill .in 1975. Within two decades, it has filled the accommo
dation space provided by the open water area between Bryant
Bayou and Rafael Pass. This class of depositional feature is
rarely active for more than 2-3 decades, usually has a thick
ness of 2-3 m, and covers an area ofless than 15 km- . Similar
but larger depositional features fill the bays between major
distributary channels. These features develop from a cre
vasse or breach in the natural levee adjacent to a large bay
flanking the channel. Under these conditions successive river
floods will scour a channel deep enough to allow a major de
positional feature to develop . As COLEMAN and GAGLIANO
(1964) point out, these subdeltas have a cycle of deposition

and deterioration that mimics the larger delta lobe cycle sche
matically explained in Figure 2. However, subdeltas operate
on a deposition-abandonment cycle that lasts about 150-200
years, develop sedimentary sequences from 5 to 20 m thick
(usually ~ 10m), and cover areas of up to 300 km 2 (WELLS
et al., 1983).

Using the Cubit's Gap subdelta as an example, Figure 16
illustrates the historical development of this feature . It start
ed in 1862 from a small man-made cut in the Mississippi
River bank adjacent to Bay Rondo (WELDER, 1959). A major
flood in 1868 widened (to ~ 200 m) and deepened the break,
allowing the introduction of significant sediment into the bay
which was approximately 10 m deep . By the late 1800s a
delta characterized by bifurcating channels and intervening
sand-rich lobes was rapidly prograding into the bay (Figure
16). In 1884, roughly 20 years after the initial levee break,
the Cubit's Gap sub delta looked remarkably similar to to
day's Wax Lake bayhead delta prograding into Atchafalaya
Bay (Figure 5), which presently has a history of about 20
years of subaerial growth (1976-1996). Rapid progradation
in the Cubit's Gap subdelta continued into the mid-1940s. At
that point, the channel network steadily began to lose effi
ciency, and delivery of sediment to the system was not suf
ficient to offset processes of subsidence driven primarily by
compaction and dewatering (KUECHER, 1994). Marshland
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Figure 11. A series of photographs of the eastern chenier plain coast
illustrating rapid progradation between 1987 and 1993. In thi s sector of
the coast , average progradation rates were about 50 m/yr during this
period. Fine -grained sediments supplied by the Atchafalaya River are re
sponsible for these dynamic coastal change s.

started disappearing from the oldest proximal part of the sys
tem , causing rapid enlargement of open water areas between
the narrow levees of major sub delta distributaries (Figure
16). By the late 1980s approximately 75% of the original
marshland area of the Cubit's Gap sub delta had disappeared.
As a consequence of subsidence and interdistributary bay de
velopment within the proximal part of Cubit's Gap subdelta,
a new generation of overbank splays started filling this newly
developed accommodation space (Figure 14). As discussed
previously, the life cycle of these smaller depositional forms
is measured in decades, and they are only a couple of meters
thick. Despite this new generation of sedimentary features
within the Cubit's Gap subdelta, progressive inefficiency of
the sediment delivery network and on-going subsidence fi
nally prevail to cause marshland disappearance and redevel
opment of an open bay environment, which may eventually
attract another subdelta.

Delta Front Instability

With rates of delta front progradation that approximate
125 rn/yr (FISK, 1961) and sediment accumulation rates as
high as 1 rn/yr near distributary mouths (COLEMAN et al.,
1991),it is not surprising that processes of sediment insta
bility are important modifiers of the sedimentary record in
this dynamic setting. Although MORGAN (1961) clearly
showed that dense distributary mouth bar sands differen
tially load thick deposits of underlying prodelta clay to pro
duce mud diapirs (mudlumps), it was not until the 1970s and
early 1980s that delta front instabilities were fully recognized
and assessed. SHEPARD (1955) was the first to recognize that
gullies radiate down-slope from each distributary. After his
initial observations, availability of high resolution seismic
and especially side-scan sonar data provided the data base
for recognizing the regional importance of instability process
es in transporting sediment from shallow to deep parts of the
shelf. Figure 17 illustrates the distribution of sediment in
stability features of the low-sloping « 1° and usually < 0.5°)
delta front of the prograding Balize delta lobe. Rapid depo
sition of sediments from major distributaries is the primary
condition that leads to sediment instability. Loading of the
upper delta front with under consolidated and gas -prone fine
grained sediments is the primary condition that causes slope
failure and down-slope sediment transport (ROBERTS et al.,
1980). The major instability features are retrogressive sub
marine slides (Figure 18). As discussed in PRIOR and COLE
MAN (1978), the source area for sediment is characterized by
slumps and blocky bottom topography that smooths seaward
toward distal depositional lobes. Figure 18 illustrates the ma
jor components of these important delta front sediment trans
port and deposition systems. Complex lobes of sediment from
these retrogressive slide systems reach thicknesses of up to
- 60 m on the distal shelf to upper slope. Comparisons with
historical bathymetry seaward of the Balize delta suggest
that these thick mudflow deposits accumulate over time pe
riods measured in decades (COLEMAN et al., 1980) and with
out question represent products of the most important sedi
ment transport-deposition process associated with the ad
vancing deep-water shelf phase delta. Because of the direct
association of thick, rapidly deposited, and under consolidat
ed prodelta deposits with sediment instability, thin and wide
spread delta lobes of the inner shelf would not be expected to
exhibit the retrogressive mudslides associated with the Bal
ize delta.

Delta Abandonment and Deterioration:
Marine-Dominated Transgressive Phase

As a delta lobe evolves, its distributaries continue to
branch, reducing efficiency of the channel network to trans
port water and sediment through the system. This progres
sive hydraulic inefficiency, plus a reduction in gradient as a
result of continued progradation, promotes eventual stream
capture upriver. When stream capture occurs , as with the
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Figure 12. Landsat TM 1993 ima ge (composite of Bands 7,5,3) of th e Balize delta showing its major dist ributaries and subdeltas. Dates refer to times
subdeltas were initiated.

Atchafalaya River now taking sediment and water from the
Mississippi, the delta eventually shifts from active accretion
and progradation to an evolutionary stage dominated by sub
sidence-driven processes and marine reworking (Figure 2).
This progressive abandonment of a delta lobe by the river
that built it is followed by predictable changes in the delta
lobe surface and configuration of its perimeter. Although ear
ly workers clearly understood that deltas and subdelt as
evolved through constructive and destructive phases (Ru s
SELL, 1936; FISK, 1955; SCRUTON, 1960; COLEMAN and GAG
LIANO, 1964), it was not until the early 1980s that research
ers focused on the transgre ssive sand bodies that develop
from delta lobe abandonment (KHAN, 1980; NEESE, 1984;
PENLAND et al., 1985; ISACKS, 1989; and others). PENLAND
and BoYD (1981) and later Penland et al. (1985) graphically
organized the changes a delta undergoes from its active pro
gradational stage to complete submergence, with emphasis
on the evolution of transgre ssive components (beaches, spit s,

barrier islands, and submarine shoals). If one observes the
configurations of deltas that presently comprise the Holocene
deltaic plain (Figure 19), it is possible to identify delta dete
rioration and associated transgre ssive deposits in various
stages of development. Although Figure 2, the schematic rep
resentation of the delta cycle, illustrates that the regressive
and transgressive phases are of equal duration, they may in
fact be quite different. Thin inner shelf deltas containing lim
ited prodelta clay deposits would be expected to have a pro
longed marine-dominated transgressive phase as compared
to the Balize delta, with its thick compaction-prone prodelta
deposits. However, in order to present a simple version ofthe
delta cycle concept , a symmetrical growth and deterioration
curve is used to illu strate the delta cycle in Figure 2. Figure
19 uses components of the Holocene delta complex to illus
trate the progressive changes a delta undergoes as th e col
lective processes of subsidenc e and marine transgression be
come dominant with time.
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Figure 13. Block diagram of elongate distributary mouth bar sands, or bar-finger sands (Fisk, 1961), illustrating the elongate sa nd trends that develop
in river-d ominated deltas prograding into deep water (modified from Fisk et al., 1954).

Important Effects of Subsidence

As early as the 1930s and 1940s investigators, especially
R.J. Russell, postulated that the massive sediment load of the
Mississippi River caused an isostatic response resulting in
uplifted inland terraces and down-warped deltaic deposits at
the coast and offshore. From coastal plain and offshore bor
ings FISK and McFARLAN (1955) and FISK (1955) deduced
that down-warping of the pre-Quaternary surface accommo
dates a seaward-thickening wedge of younger deltaic depos
its. On a more localized scale, FISK(1961) demonstrated that
distributary mouth bar sediments of the Balize delta differ
entially loaded underlying plastic prodelta clays to cause ab
normal thickening of bar deposits and displacement of clays.
Seismic data and drilling in the northern Gulf of Mexico Ba-

sin have confirmed that this depositional province has re
peatedly accommodated 1000s of meters of shallow-water del
taic sediments arranged in discrete depocenters (W OODBU RY

et al., 1973). On these scales, regional to local, subsidence
under load has been shown to be an important component of
relative sea level change. In addition, recent work by KUECH

ER (1994) has demonstrated that early consolidation-settle
ment of highly organic and clay-rich facies associated with a
newly deposited delta is a primary component in the com
bined processes of subsidence. Therefore, in the marine-dom
inated transgressive phase of delta evolution (Figure 19),
postdepositional dewatering and compaction are generally
the most important components of relative sea level change
(subsidence) that drives land loss and the marine transgres-

10
20

Figure 14. Block diagram depict ing a delta front sheet sand as sociated with the num erou s and closely spaced distributaries of a thin inn er shelf delt a,
such as the Lafour che delta (modified from Fisk et al ., 1954).
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Figure 15. Crevasse-splays and the Cubits Gap subdelta of th e Balize delta . (1 ) A crevasse-splay that is in the ear ly stages of development . Note th e
break in the natural levee and numerous small cha nnels that are splaying sedime nt th at is exte nding the natu ral levee bayward (photograph taken in
1993, looking south). (2) This sma ll splay broke through the levee of Bryan t Bayou in the Cubits Gap sub delta in 1975 (photograph ta ken in November
1993). (3) The Cubit's Gap subdelta. Figure 16 is a developmental history of the Cubit s Gap subdelta.

sion in the Mississippi River deltaic plain (KUECHER, 1994).
Sub sidence under load, at the scale of a delta lobe, larger
scale basinal down-warping, and eustatic sea level ri se are
also factors that drive th e marine transgressive phase of del
ta evolution.

Because sediment compaction-settlement phenomena are
of primary importance in subsidence of a delta, the thickness
of Holocene deposits over oxidized and less compactable late
Pleistocene deposits is an important condition that affects re
gional subsidence of th e delta plain. It has been demon strat-

ed (ROBERTS, 1985; ROBERTS et al ., 1994) that are as of th e
delta plain overlying thi ck Holocene deposits of th e en
trenched alluvial valley subside at higher rates than delta
plain areas out side the valley (Figure 20). This relationship
probably affects the relative lengths of time need ed for com
pletion of the regressive and transgressive pha ses of any del
ta cycle. For example, delta lobes that have been built within
the confines of the entrenched alluvial valley ie.g., Lafourche
delta) may have shorter marine-dominated transgressive
phases because of accelerated subsidence rates as compared

J ourn al of Coasta l Research, Vol. 13, No. 3, 1997
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Figure 16. History of the Cubits Gap subdelta (modified from Wells et al., 1983).
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to lobes developed over a shallow Pleistocene base (e.g., St.
Bernard delta). Indications are that because of its thick base
of compaction-prone prodelta clay the modern Balize delta
would disappear very quickly if the Atchafalaya River stream
capture were allowed to divert most of the Mississippi River
water and sediment, as it surely would have done by now
without man's intervention.

Sediment Reworking During the Regressive Phase

During the period of rapid distributary advancement and
overall delta front progradation, local reworking in an active
delta lobe does occur. COLEMAN and GAGLIANO (1964) dis
cussed local transgressions associated with the cyclic filling
of bays flanking the river and between major distributaries.
Products of the abandonment, subsidence, and marine trans
gression of these subdeltas are thin beaches and oyster reefs .
As the channel network of subdeltas like Cubit's Gap lose
efficiency, subsidence causes interior open water areas to ex
pand and waves to rework channel mouths into small beaches
(usually < 1.5 m thick) that transgress across the subsiding
subdelta surface. The highest topography on this progres
sively submerging landscape is associated with natural levees
of the channel network. As these features submerge, oyster
reefs commonly form on their crests as brackish-to-marine

conditions progressively intrude upon the relic freshwater de
posits .

On the larger scale , a small amount of sediment reworking
takes place at the mouths of major distributaries. The beach
at South Pass (Figure 21) is a good example of this limited
sand body that represents a wave reworked top of the un
derlying distributary mouth bar. This particular sand body is
about 2 km long, 2-3 m thick, and contains abundant detrital
organic material. At the delta lobe scale, these sands are
overshadowed in thickness and areal extent by the underly
ing distributary mouth bar sediments on which they rest.

Deltaic Headland Retreat-Beach, Spit, and Barrier
Development

Figure 19 depicts a delta lobe in the first stages of subsi
dence and reworking by marine processes, primarily waves .
In this illustration, transgression is taking place on the La
fourche delta lobe by erosion of the Caminada-Moreau head
land. Sands derived from this process are transported later
ally to build flanking barrier islands and recurved spits. Re
gressive deposits associated with Bayou Lafourche and its
distributaries are the main sources of coarse sediment for
beach , spit, and barrier development (GERDES, 1982). The
beach along the Caminada-Moreau deltaic headland is thin
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Figure 17. Distribution of mud flow gulley systems an d their associated down-s lope deposits (modified from Coleman et al. 1980).

with small washover fans that have been deposited on the
back-beach marsh surface. McBRIDE et at. (1992) document
from historical map studies that coastal retreat in this area
was> 3 km between the years 1887 an d 1988, a rate of 
33 m/yr . With a sediment supply area retreating at this rate,

coupled with subsidence-related enlargement of bays, barri
ers quickly detach and migrate landward. They also migrate
downdrift by longshore drift and spit formation. During the
lateral migration process, deep tidal passes are filled with
relatively coarse sediment as marshl and s retreat, and the

MUD/GAS VENTS

COMPOSITE
TOE LOBES

I

I
SMALL MUD

NOS E SLUMPS

I
I

PRODel TA CLAYS

MARGINAL COALESCING
TRIBUTARY SHEARS MUDFlOW TRACKS

MUDFLOW GULLY I 1-----...-c;-------+---~/1
TRANSPORT STEPPED PROFILE OF

~~~~ DIRECTION MUDFlOW GULLY AXIS

SHALLOW ROTATIONAL

SLUMPS

I

LARGE·SCALE BLOCKS
IN GULLY HEAD AREA

GRABEN IN SLUMPED
SOURCE AREA

Figure 18. Block diagram showing the salient components of a retrogressive mudslide syste m typical of the Missi ssi ppi River delta front . The system
has been greatly short ened for illustration purposes (Roberts et al., 1980). Length to width ratios of these mud slide systems are 20--30;1.
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Figure 19. LANDSAT TM 1993 images (composite of Bands 7, 5, 3) from sectors of the Mississippi River deltaic plain showing delta complexes in various
stages of abandonment, subsidence, and transgressive reworking. (1) The modern Balize delta which is still prograding. Only localized areas experience
marine inundation and reworking. (2) The Lafourche delta is in the early marine-dominated transgressive phase. Part of the Lafourche delta is still
providing sediment to flanking spits and barriers by processes of marine reworking. (3) The Chandeleur barrier island arc and remaining marshlands of
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the St . Bernard delta represent a late stage of the delta cycle, when the former delt a surface has largely submerged beneath brackish-marine waters
and a discontinuous barrier island arc stratigraphically overlies the distal part of the once active delta. (4) The final event in the delta cycle is submergence
of the last barrier islan d rem na nt to become a submarine shoal. Ship Shoal of the forme r Marin gouin delta is a good example of this final phase of the
delta cycle.
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Figure 21. The beach at the mouth of South Pass in the modern Balize delta, which represents th e wave-reworked top of the advancing distributary
mouth bar.

bay tidal prism increases with time. Tidal passes shift lat
erally with migrating barrier islands. As KUECHER (1994)
discovered, regressive sedimentary facies that filled interdis
tributary bays are more compaction-prone than those of the
distributaries and th eir levees .' Therefore, relative sea level
rise , driven primarily by subsidence, occurs at a greater pace
in these areas, which favors rapid opening of bays such as
Timbalier and Barataria (Figure 19). As the tidal prism vol
ume associated with these bays progressively increases with
time , the volume of sediment stored in ebb-tidal and flood
tidal deltas effectively robs sediment from barrier islands,
which are generally < 6 m thick (HOWARD, 1982). In the
terminology of the transgressive model of PENLAND and
BoYD (1981) the above events repre sent a stage 1 response.

Barrier Island Arc Formation

As the transgressive phase continues, it is evident from the
St . Bernard delta example (Figure 19) that the marsh shore
line undergoes net displacment landward more rapidly than
the wave- and subsidence-driven barrier islands. At the be
ginning of the transgre ssive phase of the delta cycle these
shorelines start together. With time and the complicated pro
cesses of marshland deterioration driven by subsidence, lack
of sediment input, and salt water intrusion , the complex pe
rimeter of land behind the barrier islands retreats, leaving
the barriers stranded in open water.

At this point in the evolutionary history of a delta lobe,
transgressive sand bodies, reworked from the once active pe
rimeter of the delta, have migrated landward and up-section
over back-barrier brackish to marine bay deposits ; that is,
the transgressive sands have become stratigraphically de
tach ed from their source of sediment, the distributary mouth
bar and channel sands of the underlying delta. As barrier

islands move landward and sediments stored in flood-tidal
and ebb-tidal deltas are reworked, a semi-continuous arcuate
barrier develops .

The Chandeleur Islands of the St Bernard delta lobe rep
resent the arcuate barrier stage of development (Figure 22).
At present, the Chandeleur barrier island arc is approxi
mately 75 km long and during an 84-year period (1885-1969)
retreated at average rates of 9.1 rn/yr in the south and 7.2
rn/yr in the north (KAHN and ROBERTS, 1982). More recen t
research by McB RIDE and BYRNES (this volume) on shoreline
changes ind icates that over the period 1855-1989 the Chan
deleurs experienced retreat rates that increased from 1.5 to
18 rn/yr south to north. This asymmetry in retreat rates re
sulted from the orientation of the barrier arc with reference
to the prevailing southeasterly direction of wave approach.
Waves from the south-southeast caused longshore drift of
sediment toward the northern end of the barrier arc. An in
crease in sediment availability in the northern half of the arc
encouraged dune development. The dunes extend 100-200 m
landward and are vegetated with shrubs and grasses, grading
landward into high salt marsh with Avicennia germinans
(black mangrove) and Spartina alterniflora (salt marsh cordg
ra ss) on the overwa sh lobes. The dunes tend to channelize
overwash , whereas sheet-overwash processes dominate the
low-profile southern part of the barrier arc .

Breaching and overwash during storm events causes seg
mentation of the barrier arc. For example, the Chandeleur
arc was broken into many segments in response to Hurricane
Camille on August 17, 1969. KAHN (1980) and KAHN and
ROBERTS (1982) show that Hurricane Frederick in 1979 cre
ated 45 breaches in the barrier arc , 38 of which were reo
pened breaches originally created by Camille a decade earli
er. The combined processes associated with tropical storms
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Figure 22. A low altitude oblique aerial photograph of the Chandeleur Island arc illustrating the thin recent beach that connects vegetated washover
deposits and fills breaches between washover lobes (November , 1984). The view is toward the northern end of the island arc.

like Camille and Frederick produce a back-barrier sand sheet
that is separated from a similar deposit seaward of the bar
rier arc marking the retreat path of the barriers. McBRIDE
and BYRNES (this volume) indicate that between 1855 and
1989 the Chandeleur Islands experienced land loss at an av
erage rate of 7.6 ha/yr. Since no new sediment is being intro
duced into the system and the bay behind the islands is deep
ening owing to the on-going processes of subsidence, it has
been predicted (PENLAND and BoYD, 1981) that continued
transgression will deplete the reservoir of sediments neces
sary to maintain a subaerial form . The final stage in the ma
rine-dominated transgressive phase of the delta cycle will be
initiated when the subaerial barrier is eroded to become a
submarine shoal.

Submarine Shoal Formation

By the time the Chandeleur Islands finally succumb to the
forces of subsidence and marine reworking, most remnants
of the St. Bernard marshlands will have disappeared and
been replaced by a shallow marine embayment. This final
stage of the delta cycle's transgressive phase is characterized
by submergence of remaining barrier islands and creation of
a submarine shoal, stage 3 of the transgressive model OfPEN
LAND and BoYD (1981 ). A good example of a submarine shoal
that evolved from drowned barrier islands is Ship Shoal, on
the shallow shelf off the central Louisiana coast (Figure 19).
This transgressive sand body is over 50 km long, ranges in
width from 5 to 12 km, and, has a thickness of approximately
4-6 m. PENLAND et al . (1988) indicate that stratigraphic re
lationships derived from high resolution seismic profiles and
shallow cores place Ship Shoal over the old Maringouin delta
lobe, its probable original sediment source. The asymmetrical
cross sectional profile of Ship Shoal indicates that it may still

be actively moving shoreward. The shoreward face ofthis fea
ture is much steeper than its seaward slope . Rates of land
ward movement estimated from historical bathymetric data
range from 7 to 15 rn/yr (CUOMO, 1982). Vibracores through
the shoal indicate an upper section of clean, reworked sand
(2-5 m thick) that is still being transported landward by
physical processes of the inner shelf (PENLAND et al., 1988).
The basal part of the shoal contains rounded clasts of ce
mented sand, which probably formed in the barrier island
stage (ROBERTS and WHELAN, 1975), and fine-grained sedi
ment containing shell debris. Shell and diagenetic clasts are
common constituents of both the shoal and the thin trans
gressive deposits of the barrier retreat path to the present
shoal location. At present, Ship Shoal is being buried in a
thin blanket of fine-grained sediment from the Atchafalaya
delta-building event. Future progradation of this new delta
lobe will likely relegate Ship Shoal to the geologic record.

SUMMARY

Dynamic changes in component environments within the,
Holocene Mississippi River deltaic plain are related primarily
to regressive and transgressive cycles as major deltas are
built and abandoned. Each delta is composed of a nested se
ries of thinner depositional features that evolve through re
gressive and transgressive stages involving shorter time and
spatial scales than their larger deltaic counterparts. The del
ta cycle incorporates the evolutionary stages in the develop
ment and deterioration of a major delta lobe. This cycle pro
vides a conceptual framework for understanding the present
configuration of the Louisiana coastline and delta plain. It
also provides an empirical basis for predicting future change
in wetland distribution, barrier migration, and shoreline evo
lution.
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The fundamental process of building a delta and then aban
doning it in favor of a new site of deposition, delta switching,
has been responsible for constructing Louisiana's coastal
plain over the last 7000-8000 years, a period when the rate
of sea level rise slowed considerably after the rapid rise from
the latest Pleistocene glacial maximum. Within this frame
work, major regressive and transgressive events determine
coastal and delta plain configuration and ultimately the prod
ucts that are preserved in the geologic record.

The delta cycle, shown graphically in Figure 2, is separated
into two major phases, a fluvially dominated regressive phase
and a marine-dominated transgressive phase. Delta building
starts with stream capture and the filling of an interior basin
with lacustrine deltas and associated overbank and swamp
deposits. This developmental stage is followed by rapid bay
head delta progradation as the interior basin fills with sedi
ment and stream capture becomes progressively more effi
cient. Capture of Mississippi River water and sediment by
the Atchafalaya River, its venerable distributary, has led to
the filling of Atchafalaya Basin and initiation of the bayhead
delta stage of a new major delta along the Louisiana coast.
Since becoming subaerial, the Atchafalaya and Wax Lake del
tas have been prograding across Atchafalaya Bay at a rate of
approximately 400 rnlyr to create thin, sand-rich deltas that
will soon emerge onto the continental shelf, the final evolu
tionary phase of delta building.

The Holocene delta plain is constructed from two types of
shelf-stage deltas, thin inner shelf deltas such as the St. Ber
nard and Lafourche and a thick, deeper water form, which is
the Balize delta. Thin inner shelf deltas (a) prograde very
rapidly, (b) develop many elongate and branched distributar
ies, (c) have thin widespread distributary mouth bar sands
that may merge into sheet sands, and (d) accumulate a ver
tical sedimentary sequence that is usually less than 20-30 m
thick. In contrast, the middle to outer shelf Balize delta has
(a) built into relatively deep water, (b) constructed rather iso
lated elongate distributary mouth bar sands that thicken ab
normally at the expense of underlying prodelta clay deposits
which are deformed by this process, (c) developed a thick pro
delta clay base over which coarser facies are prograding, (d)
experienced slope instabilities on the delta front, which result
in down-slope sediment transport, and (e) accumulated a ver
tical sedimentary sequence in excess of 100 m thick. The flu
vially dominated character of all Holocene Mississippi delta
lobes promotes rapid progradation onto the shelf of each ma
jor distributary, resulting in a complex shoreline configura
tion.

The marine-dominated transgressive phase of the delta cy
cle is characterized by fluvial abandonment of the delta,
which is followed by subsidence and wave reworking of the
delta perimeter. As marine processes rework deltaic head
lands, sands derived primarily from distributary mouth bar
and channel deposits are concentrated laterally into spits and
barrier islands. Combined processes of subsidence submerge
the delta surface, causing coastal bays to enlarge. The cu
mulative effect is that at any given time the bay shoreline is
displaced landward of the barrier islands. The present con
figuration of the Lafourche and its associated spits and bar
riers reflects this stage of development. With continued sub-

sidence and marine transgression, the bay shoreline and bar
rier islands continue to retreat landward at different rates.
Barrier islands become separated from their source of sedi
ment (the underlying delta). At this stage, the barriers form
an arcuate configuration like today's Chandeleur Island Arc.
Further delta shoreline retreat and submergence results in
marine transgression over most of the delta surface and the
formation of a shallow marine embayment where a subaerial
delta once was located. By this stage in the transgressive
phase, the barrier island arc has lost sufficient sediment to
the retreat path and through storm overwash into a contin
ually deepening back-barrier environment that it slowly
transforms from a subaerial feature to a submerged shoal. At
some other location along the coastal plain a new river course
builds another delta lobe, which undergoes an evolutionary
history similar to the one described above. Although the sche
matic delta cycle shown in Figure 2 illustrates regressive and
transgressive phases of roughly equal duration, thin inner
shelf deltas are likely to have a prolonged transgressive
phase, whereas deeper shelf deltas, such as the modern Bal
ize lobe, may actually have an abbreviated transgressive
phase because of greater rates of subsidence related to the
much thicker base of consolidation-prone sediments.
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