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Abstract

The northern Gulf of Mexico continental shelf is characterized by
S'}De!’impasing deltas, One such delta. informally named Lag-
Niappe, extends east of the Mississippi Delta from mid-shelf to the
“ontinental slope. This late Wisconsinan delta is adjacent to, but
Bot associated with the Mississippi Delta complex: the fluvial source
Was probubly the ancient Pearl and/or Mobile Rivers, The fluvi-
ally dominated Lagniappe Delta is characterized by complex sig-
noid-oblique seismic-reflection patterns, indicating delta switch-
g of high-energy sandsprone facies to low-energy facies: The
areal distribution and sediment thickness of the delta were partially
fontrolled by two diapirs.

Iﬂtroductinn

The morphology of the late Wisconsinan Lagniappe
Delta has been influenced by (1) glacio-eustatic sea
leve] fluctuations, (2) seaward accretion of the coastal
Plain across the shelf during the late Quaternary, (3)
the barrier influence of diapiric uplifts. Figure 1 (Kolb
and van Lopik 1958) shows the seven known Missis-
SIppi Delta complexes that have effectively extended
thf} Louisiana coastal plain onto the continental shelf
(Ftwk 1944, 1956). Also shown in Figure 1 s the rel-
ative position of the previously undescribed Lag-
Nappe Delta, that is adjacent to but not part of the
Present Mississippi Delta coastal plain complex.
Previous studies in this area used shallow borings
10 characterize the local geology. Coleman and Gag-
11&}10 (1964) discussed the cyclic sedimentation of the
18sissippi Delta complex, including the St. Bernard
clta that extends onto the Mississippi-Alabama shelf.
‘Oleman’s (1976) work on deltas also incorporated a
dlS:Cussmn of sea level and deposition, utilizing the
18sissippi and St. Bernard Deltas as examples. Stud-

ies on the effect of sea level changes on the Missis-
sippi Delta were done by Frazier (1967, 1974), who
used borings for his data.

Several investigators have identified Wisconsinan
shelf margin deltaic deposits and fluvial systems.
Roemer and Bryant (1977) discussed episodes of flu-
vial and deltaic deposition on the Louisiana shelf,
whereas Berryhill and others (1982) presented paleo-
graphic maps of the Louisiana shelf edge and slope:
More recently, Suter and Berryhill (1985) and Ber-
ryhill and Suter (1986) described upper Quaternary
shelf margin delta deposits on the Texas and Loui-
siana continental ‘shelf and margin-in- detail, using
borings and seismic profiles to delineate sea level
cycles.

The areal distribution of the Lagniappe was inter-
preted from 3,200 km of high-resolution single-chan-
nel seismic reflection profiles (Fig. 2). A variety of
seismic equipment was used: a 400-Joule minispar-
ker, 3.5:kHz transducer; 40- and S-cu inch airguns,
12-kHz transducer, and a Geopulse Boomer! system.
Travel time-to-depth conversion was made using a
sound velocity of 1,500 m/sec; which is accurate for
the water column and upper unconsolidated sediment.

Physiography

The Mississippi-Alabama shell is a broad; smooth
gently sloping (<0.1°) seafloor ranging in water depth
from 0 to 75 m (Fig: 3).-A shelf break has been formed
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STUDY AREA

V1 LAGNIAPPE DELTA

Figure 1. Location of study arca and distribution of delta lobes associated with Mississippi River: dashed lines indicate study arca and
relative location of informally named Lagniappe Delta (modified from Kolb and van Lopik 1958).

by diapirs along the continental margin of this region.
Average gradient shoreward of the shelf break is <0.1°,
and average gradient basinward of the shelf” break is
=1.0° The change in slope occurs at water depths of
75 to 80 m. The area was divided into the following
regions on the basis of average sca floor gradient: (1)
the shelf, O to 75 m, and shelf break which trend cast-
northcast to west-southwest; (2) the upper slope from
the break scaward (75 to 400 m), with a gentle gra-
dient of ~1.0% and (3) the mid-slope arca from 400
to 1,300 m deep, with an average gradient of 2.0°~
2.5%

The topography and shallow subsurface sediment
characteristics of the Mississippi-Alabama shelf and
slope are the results of deltaic oftlap depositional se-
quences over onlap scdiments, with intervening pe-

riods of erosion during lowstands. Little evidence of

structural deformation is present on the shelf; in con-
trast, therc are six diapirs with associated faulting at
the shelf break and on the upper slope. Surface sed-
iments of the arca can be related to different depo-
sitional episodes (Frazier 1974, Kindinger and others

1982). Mazzullo and Bates (1985, p. 459) divided the
present shelf into two distinct regions on the basis of
surficial grain morphology and age “cast of the Mis-
sissippi and St. Bernard Deltas, the outer shelt is cov-
ered by the Eastern Sand Deposit, a thin layer of relict
well-sorted fine to medium quartzose sand of late
Pleistocenc and early Holocenc age.,” deposited by
rivers of the southeastern United States. The western-
most part of the shelf, which includes the St. Bernard
and Birdsfoot lobes of the Mississippi Delta, is cov-
cred by Holocene sand, silt, and clay deposited in as-
sociation with the Mississippi Delta (Ludwick 1964,
Mazzullo and Bates 1985).

Stratigraphy

The nomenclature for scismic reflectors and sc-
quences used in this article follows that of Vail and
others (1977). Stratigraphic units have been defined
by utilizing unconformities and corrclatable conform-
ities identified from seismic profiles. These units were
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Wdentified by superposition of geologic sequences and
the seismic character of the sequences within the data
_(Fi& 4). The lower boundary of the oldest sequence
I.S a4 prominent shelf-wide erosional unconformity
ldentified as early Wisconsinan (Horizon D). This
Crosional surface was buried by thin parallel beds dur-
'ng the subsequent sea level rise and by thicker de-
Posits of a late Wisconsinan progradational delta
(Lagniappe Delta). Stratigraphic evidence leads to the
dgniappe Delta being deposited during the last major
OWstand (late Wisconsinan). Data presented by Cole-
Man and Roberts (1988), which includes seismic and
Oring data, agrees with this interpretation. A younger
Sequence deposited above the Lagniappe Delta also
.48 a prominent shelf-wide erosional unconformity as
1S base: the upper boundary of the Lagniappe Delta.
The stratigraphy of the younger sequence is the ero-
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Figure 3. Bathymetric map of study arca; dashed lines divide the
three regions designated by average slope gradient: (1) shelf break
shoreward (10 to 75 m), average gradient of <0.1% (2) upper slope
(75 to 400 m), average gradient of =1.0°% and (3) mid-slope (400
to 1.300 m). average gradient of 2.0° to 2.5°

sional unconformity overlain by transgressive depos-
its and the deltaic sediments of the St. Bernard Delta
complex. The St. Bernard Delta ceased prograding
about 1,200 yrs before present (Frazier 1967). The
Chandeleur Islands are remnants of the St. Bernard
Delta; the retreat path and processes have been de-
scribed by Penland and others (1985).

Recent advances of time-stratigraphic techniques and
methods in biostratigraphy, paleoclimatology, and
isotope stratigraphy have led to precise correlations
within an absolute time framework with a resolution
of 10,000 to 20,000 years during the late Pleistocene
(Williams 1984). Oxygen isotope records provide evi-
dence of glacial-interglacial paleoclimatic cycles and
glacio-eustatic sea level changes. It is possible to re-
late the sca level changes seen in oxygen isotope rec-
ords to the stratigraphy of the Mississippi-Alabama
shelf and slope. Figure 5 shows a comparison of the
changes in oxygen isotope ratio for the late Quater-
nary (Williams 1984) with the sea level changes and
episodes of shelf evolution interpreted from seismic
profiles of the Mississippi Alabama shelf and slope.
According to ages given for late Quaternary sea level
changes by various investigators (Fig. 5), the approx-
imate age of the Mississippi-Alabama episodes of shelf
evolution would be: episode I-—early Wisconsinan
lowstand, 150,000 yrs BP; episode 2—middle Wis-
consinan highstand, 75,000 to 128,000 yrs BP; epi-
sode 3—late Wisconsinan lowstand, 11,000 to 98,000
yrs BP; episode 4—Holocene, 5,000 to 18,000 yrs
BP; and episode 5—Holocene, present to 7,000 yrs
BP.
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Figure 4. Scismic-reflection profile A—A’ showing highly contrasting seismic-reflection character of the geologic sequences and hori-
zons. Horizon C = Pleistocene-Holocene transition unconformity. Horizon D = early Wisconsinan erosional unconformity with Lagniappe
Delta foresets and stream channels (distributaries) are shown between Horizons C and D. Location of profile A-A’ is shown on

Figure 7.

L.agniappe Delta Deposition and Diapiric Uplifts

Erosion of upstream coastal plains and the exposed
inner and outer shelf during the late Wisconsinan sea
level fall led to a major depositional episode (Fig. 6).
The Lagniappe Delta is classified as a lobate fluvially
dominated delta (Gallaway 1975) beginning at mid-
shelf and building out to the shelf break. On the basis
of internal framework of the accretionary front, as de-
termined from seismic data, the fluvial source may
have been the Pearl and/or Mobile Rivers. Suter and
Berryhill (1985) reported that the Mississippi River
drainage was to the west of its present position during
Wisconsinan time. Mazzullo and Bates (1985) have
also shown that the surficial sediments of this region
arc from southeastern rivers.

Average thickness of the Lagniappe Delta is 30.5
m, and the thickest portion (<90 m) was deposited
shoreward and between two diapirs (Fig. 7). The flu-
vially dominated delta was prograded as delta com-
plexes (Fig. 6) with framework facics of interbedded
sands, shales, and clays (Fig. 8). Coleman and Rob-
erts (1988) describe this sandy unit as a “coarsening

upward vertical sequence.” These progradation sedi-
ments appear in seismic profile as foreset and bottom-
set bedding (Fig. 9), characterized by multiple cli-
noform reflectors with a reflection character of low
amplitude and low-to-moderate continuity. Seismic
reflection patterns of the Lagniappe Delta are de-
scribed as oblique (tangential), sigmoid, and complex
sigmoid-oblique progradational patterns as defined by
Mitchum and others (1977). The Lagniappe Delta being
seen as a complex sigmoid-oblique pattern suggests
that it may be due to delta switching, which may oc-
cur as a distributary changes direction of progradation
(Berg 1982, Fig. 6). These high-energy to low-energy
pattern shifts in the Lagniappe Delta represent sand-
prone, delta-plain seismic facies coincident with up-
per horizontal reflections of the high-energy oblique
progradational pattern shifting to a predominently shale,
low-energy sigmoid pattern.

The main topographic features of the shelf break
and upper slope are six salt/shale diapirs. Three dia-
pirs pierce and deform the surface sediments; the other
three fold the sediments to form rounded topographic
highs (Kindinger and others 1982). Two of the pierce-
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Figure 5. Schematic representation of the oxygen isotope record for the last 150.000 yrs and its approximate relation to major climatic
and sea Jevel changes of the late Quaternary (modified from Williams 1984). The ages are taken from maodels presented by Ericson and

Wollin (1968).
dleston ( 1972).

biostratigraphic zonation ot Globorialia menardiiz Thunnell (1984), ages of G. menardii boundarics; Kennett and Hud-
relative abundance of planktonic foraminiferal; Thunnell (1976, principal component analysis of species abundance data:

Broccker and others (1969) *"Pa/*Th ratio; and Emiliani (1978). composite oxygen isotope record.
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distributaries may have prograded
(including delta switching) across
shelf” and around diapiric uplifts
during late Wisconsinan lowstand.
Frames 1 to 4 show a general ba-
sinward progradation of deltaic de-
posits. In frame 5 deltaic sedi-
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1 ments are deposited on top of
f o k northeasternmost diapir: in {frame 0

delta sediments are “ponded™ be-
tween and prograded around the

diapirs.
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ment diapirs, uplifted along the shelf break, act as a
barrier, directly influencing basinward accretion of the
Lagniappe Delta sediments and directing the prograd-
ing delta between and around the uplifts.

The diapirs to the west (left in profile B-B’, Figs.
7, 9). which is apparently the oldest, has 15 m of
bathymetric relief. The top of the diapiric uplift is
planar and forms an angular unconformity on the sea-
ward side (Fig. 9). Because progradational sediments
are present landward of the diapir, but are absent on
top, movement probably occurred prior to the late
Wisconsinan lowstand. During the late Wisconsinan
lowstand, this emergent diapir was eroded and sub-
sequently submerged as sea level rose. The angle of
the beds onlapping the diapir flanks indicates con-
tinuing uplift movement (Fig. 9). The diapir to the
east of B~B' (shown in C-C’, Fig. 7, 9), has a to-
pographic relief of ~20 m. Folded parallel strata overlie
the diapir but these bedforms are not greatly distrib-
uted. Progadational sediments are present on either
side of the feature, and bedforms discernible on top
of the diapir exhibit no evidence of erosion. These
relations suggest that diapiric uplift occurred during
or after deposition of the Lagniappe Delta near the
diapir, it is possible that the added delta load caused
increased diapir movement at a rate of 13.3 ¢cm/100
yrs since 10,000 yrs BP. [Total displacement (height
of diapir above surrounding topography) 13.3 m/
10,000 = 0.133 cm per year].

Conclusions

As the late Wisconsinan sea level retreated, distri-
butaries from an unidentified river (possibly the Pearl
and/or Mobile River) entered the Gulf of Mexico ba-
sin and deposited a prograding succession of fluvially
dominated delta complexes and interdeltaic facies
across the Mississippi-Alabama shelf from the mid-
shelf to the shelf break. The Lagniappe Delta se-
quence is characterized by complex sigmoid-oblique
seismic-reflection patterns, indicating delta switching
of high-energy sand-prone facies to low-energy shale
facies.

The geometry and sediment thickness of the Lag-
niappe Delta were controlled by diapirs on the shelf
break that formed an effective barrier to basinward
progradation. Sediments ponded in an area shoreward
(behind) and between the diapirs, before prograding
around the diapiric masses, thus producing a thicker
sequence than would have been deposited if no barrier
had existed. The basic geometry of the delta has gen-
erally been controlled by sea level fluctuation and by
the presence of active and inactive diapirs.
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