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Oyster (Crassostrea virginica) shells collected at nine sites on the Alabama continental shelf in the
northeastern Gulf of Mexico have yielded 27 radiocarbon ages between 8,400 and 36,000 yr BP. Ages and
water depths of collection sites of these shells are generally consistent with ages and water depths of
shells from the U.S. Atlantic shelf. We have evaluated our data against published interpretations of sea-
level change over the past 120,000 yr. The nine youngest shells, from six different sites, have age-depth
relations consistent with estuarine origins. Older shells (radiocarbon age > 15,000 yr BP) were collected
at various depths, some of which are incompatible with their apparent ages and best estimates of late
Pleistocene sea levels. Present distribution would seem to require transport of shells over significant
distances on the gently sloping shelf. Although their generally good physical condition makes such trans-
port unlikely, shells may have formed lags during transgressive erosion. Furthermore, accuracy of radio-
carbon ages is questionable particularly for the older materials in our set, and the significant likelihood
of even greater ages for these shells restores the possibility of local origins.

Notable concentrations of mixed-age shells occur at 40 m and 20 m depths. These concentrations are
interpreted as lags that document changes in the rate of sea-level rise, and/or the superposition of Holocene
and older paleo-estuarine systems. The —40 m lag resulted from a decreased rate of rise in sea level over
the period 9,800 to 9,000 yr BP followed by a brief interval of increased rate of rise in sea level. The —20
m lag represents a reworking of pre-Holocene shells and lithified sediments during a subsequent decrease
in the rate of rise in sea level postulated at 8,200 to 7,800 yr BP. Both the —40 m and —20 m lags may
also be related in depth to interstadial paleo-estuarine deposits dating from 25,000 to 76,000 and 80,000
to 115,000 yr BP, respectively.

ADDITIONAL INDEX WORDS: American oyster (Crassostrea virginica), late Quaternary, sea level,
paleoestuaries, cross-shelf transport, radiocarbon dating.

INTRODUCTION

During the 1960s, investigators attempting to
reconstruct late Pleistocene and Holocene sea-
level history in the northwestern Gulf of Mexico
and along the southeastern U.S. Atlantic coastline
depended, to a large degree, on radiocarbon dat-
ing of presumed shallow-water or shoreline in-
dicators (Curray, 1960, 1965; SHEPARD, 1963;
MERRILL et al., 1965; EMERY and GARRISON, 1967;
EMERY et al., 1967; MiLLIMAN and EMERY, 1968).
One of the principal candidates for this approach
was the American oyster, Crassostrea virginica
(GMELIN, 1791), because its habitat is restricted
to shallow, brackish-water environments. How-

ever, the validity of utilizing relict oyster shells
in constructing sea-level curves was challenged by
MACINTYRE et al. in 1978. Their data indicated
that oyster shells, mainly from the Onslow Bay
shelf off North Carolina, that were not fixed in
place could be subjected to significant post-de-
positional mixing and landward transport. There-
fore, they called into question previous interpre-
tations of sea level that incorporated dates from
loose, mobile shells.

Over the past five years, two of the authors
(WWS and AWS) have attempted to gain insight
into Quaternary sea-level fluctuations in the
northeastern Gulf of Mexico by examining the
locations and radiocarbon ages of a collection of
Crassostrea virginica shells from the Alabama
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continental shelf (SCHROEDER and SHULTZ, 1993).
Because the general condition of the shells indi-
cated minimal or no movement along the bottom



Quaternary Sea-Level Change 665

(personal communication, DrR. Eric PowkeLL,
Texas A&M University), they assumed that sites
on the continental shelf where oysters have been
collected represent the original coastal environ-
ments and are reasonable approximations of past
shoreline locations and sea-level elevations. They
concluded that the data can be viewed as sup-
porting an interpretation of fluctuating Holocene
sea level (e.g., as shown by CURRAY, 1960), rather
than an uninterrupted sea-level rise (e.g., FaIRr-
BANKS, 1989). However, when additional locations
and ages of oyster shells collected at previously
sampled sites, as well as new sites, on the Alabama
and Mississippi shelf are incorporated into their
original data set, it becomes evident that a parallel
to the situation on the Atlantic shelf occurs on
the Alabama-Mississippi shelf. That is, the dis-
tribution pattern of some of the relict oyster shells
in this area also appears to require post-deposi-
tional cross-shelf transport. Alternatively, for both
regions, errors in the radiocarbon ages of the older
shells (e.g., > 15,000 yr BP in the present study),
resulting from contamination by younger carbon,
could produce similar age-depth distribution pat-
terns.

In this article, we will present new data on dis-
tributions and ages of oyster shells from the
northeastern Gulf of Mexico. As with the previ-
ously published material on relict oyster shells,
these data show some strong relationships to late
Pleistocene and Holocene sea-level curves, as well
as some radiocarbon ages and locations that are
clearly misfits relative to expected paleocoastal
settings. We will discuss multiple possible origins
of oyster-shell accumulations, including in situ
shell accumulations representing paleoestuarine
oyster reefs, displaced shells resulting from cross-
shelf transport, and shell lags resulting from ver-
tical displacement. These results will, in turn, be
examined in light of potential errors in radiocar-
bon age determinations (e.g., OLSSON, 1968; STAP-
oR and TANNER, 1973). By themselves these in-
terpretations do not necessarily suggest anything
particularly new regarding the mechanisms or
prevalence of shell reworking. However, closer ex-
amination suggests patterns that may have wider
significance, particularly in regard to increasing
evidence for relatively rapid changes in the rate
of rise of sea level. This discussion is admittedly
speculative and offers no definitive answers to this
complex problem. Our hope, however, is that such
an examination will help to focus renewed atten-
tion on those associations that may prove to be

informative in future integrative studies of shelf
paleogeography.

SETTING

The study area encompasses most of the con-
tinental shelf in the westernmost section of the
northeastern Gulf of Mexico. This shelf province,
adjacent to Mississippi, Alabama, and the north-
west panhandle of Florida, is a triangular, gently
sloping region (Figure 1). It is bounded on the
west by the Mississippi River delta system and
to the east by the De Soto Canyon. Seaward the
shelf break ranges in depth from 60 to 100 m.
Most of the shelf is covered by the Mississippi-
Alabama-Florida (MAFLA) sand sheet (DoYLE
and Sparks, 1980). This sandy facies has been
viewed as a product of mixing of sediments flushed
from coastal embayments, eroded from the older
St. Bernard lobe of the Mississippi River delta,
dispersed westward from the Florida shelf, and
locally reworked from palimpsest Pleistocene de-
posits (MAzzuLLo and BATES, 1985). Other locally
important shelf features include regions of shell
gravels and shell banks, often composed of dis-
articulated oyster shells, as well as low- to high-
relief, hard-substrate deposits and structures
(Lubwick and WaLTON, 1957; Lupwick, 1964;
SCHROEDER et al., 1988, 1989; SHULTZ et al., 1990;
SAGER et al., 1992).

METHODS

Figure 1 depicts the sites on the Alabama-Mis-
sissippi shelf where shells of the American oyster
Crassostrea virginica were obtained for this study.
Shells were collected by conventional surface-ship
trawling and dredging operations and by divers
utilizing Scuba. As in previous studies, special
attention was paid to correctly identifying all of
the specimens in our collections. Of particular
concern was the possible misidentification of adult
Ostreola equestris (SAY, 1834), a subtidal species,
as small C. virginica. After conferring with Dr.
Eric Powell at Texas A&M University, we are
confident that all shells submitted for analysis
were C. virginica. Figure 2 illustrates examples of
typical relict oyster shells collected from the Al-
abama-Mississippi shelf.

The physical condition of the shells selected for
radiocarbon dating varied; some were nearly pris-
tine while others displayed slightly rounded edg-
es, suggesting limited horizontal displacement, and
some were corroded with small borings, suggest-
ing prolonged exposure (Figure 2). Nonetheless,
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Figure 1. Index map of the westernmost section of the continental shelf in the northeastern Gulf of Mexico, showing sites where
relict Crassostrea virginica oyster shells were collected for this study. See Table 1 for detailed information.

all appeared to consist of solid nacreous lamellar
shell material and were initially judged to be min-
eralogically unaltered. Surface encrustations and
leached exterior layers were removed by acid etch-
ing prior to extraction of carbon for analysis. Ra-
diocarbon dating analyses were performed by Beta
Analytic Inc., Coral Gables, Florida, USA.

All sample ages discussed in this article are un-
corrected apparent radiocarbon ages, calculated
as years before present (A.D. 1950) using a radio-
carbon half-life of 5568 years and 95% of the
activity of NBS oxalic acid as modern standard.
We recognize that radiocarbon age determina-
tions are subject to serious errors, particularly for
relatively old samples. Discussion of errors will
follow presentation of the results.

RESULTS

Opyster shells were collected from nine sites on
the Alabama-Mississippi continental shelf (Fig-
ure 1). These sites occur from 17 to 68 km south

of the present-day shoreline in water depths of
18 to 43 m. Oyster shells are apparently wide-
spread on the shelf, and the sites sampled are
almost certainly not the only such occurrences.
Nonetheless, these sites are distinct in that they
are surrounded by areas where comparable efforts
failed to reveal oyster shells. From a total collec-
tion of over 170 shells, 27 were submitted for ra-
diocarbon age determination. Most of the nine
sites were represented by multiple shells but for
three sites only single shells were dated.

Ages obtained ranged from 8,480 *+ 90 yr BP
to 35,620 = 770 yr BP (Table 1). The overall age
distribution is strongly bimodal (Figure 3), with
one cluster of nine ages in the range 8,400 to 11,000
yr BP and another cluster of 12 ages in the range
26,500 to 31,000 yr BP. Only five shells have ages
between 11,000 and 26,500 yr BP, and a single
age greater than 31,000 yr BP was obtained. The
maximum depth from which shells were recovered
in this study is 42.7 m at site 9.
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Figure 2. Examples of relict Crassostrea virginica (Gmelin) oyster shells from the Alabama continental shelf.

The younger cluster of ages (8,400 to 11,000 yr
BP) comprises three dated shells from Site 1, one
of the two shells from Site 4, two shells from Site
6, as well as the single shells from Sites 2, 3, and
5. Present depths below mean sea level for these
sites range from 24.7 to 26.8 m for Site 1, 28.9 to
33.5 m for Site 2, 29.3 to 31.1 m for Site 3, 33.5
to 37.8 m for Site 4, 33.5 to 36.6 m for Site 5, and
40.0 to 40.9 m for Site 6 (Table 1 and Figure 3).

The older cluster of ages (26,500 to 31,000 yr
BP) is associated primarily with shells from Site
7, from which 8 out of 10 shells analyzed have
ages in this time period. Depth for this site is 18.7
to 23.5 m below present mean sea level. Similar
ages were also obtained for shells from Site 8 at
a depth of 27.5 m. In addition, one shell each from
Sites 4 and 9 yielded ages in this range, repre-
senting depths of 36.6 to 37.8 m and 37.9 to 38.4
m, respectively (Table 1). Ages between 11,000
and 26,500 yr BP consist of one of the ten shells
from Site 7, and four out of five shells from Site
9. Site 7 also yielded one shell with radiocarbon

age greater than all others, 35,620 yr BP. Depths
for Site 7 are 19.2 to 20.1 m, while depths for Site
9 are 37.9 to 42.7 m.

DISCUSSION

Late Pleistocene sea-level fluctuations, first
identified in the 1960s, have been considerably
refined by more recent studies (e.g., CHAPPELL
and SHACKLETON, 1986). Although details remain
controversial, the persistent general pattern in-
dicates strongly that the present inner continental
shelf (water depth < 40 m) was in all likelihood
above sea level for at least 14,000 years prior to
10,000 yr BP (Figures 4 and 5). Similarly, at some
earlier time or times (at least 25,000 yr BP), sites
at a present depth >25 m were submerged during
one or more “late Pleistocene” interstadial high-
stands (Figures 4 and 5). Oysters are not expected
to have been alive in areas exposed above sea level
during lowstand, and given the limited depths of
Gulf Coast estuaries, oysters are not expected to
have flourished at paleodepths greater than ap-
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Table 1. Crassostrea virginica from Alabama continental shelf. See Figure 1 for site locations.
Location Uncorrected
Depth Radiocarbon Collection
Site Oyster Lat (N) Long (W) (m) Age (yr BP) Method
1 1 30°00.5' 87°57.3' 26.8 8,480 + 90 Scuba
2 30°00.9' 87°57.1' 24.7-25.9 9,040 + 90 dredge
3 30°00.9' 87°57.1 25.0-25.9 9,650 + 110 dredge
2 1 29°55.4' 87°30.7' 28.9-33.5 8.980 + 80 dredge
3 1 29°55.6' 88°03.4' 29.3-31.1 9,360 + 80 dredge
1 30°47.0' 87°45.6' 33.5-36.6 10,290 + 130 dredge
2 30°45.2' 87°43.8' 36.6-37.8 27,070 + 730 dredge
5 1 29°52.7' 87°32.1' 33.5-36.6 10,820 + 150 dredge
6 1 29°38.1 88°26.9' 40.0-40.9 10,100 + 120 trawl
2 29°38.1 88°26.9' 40.0-40.9 10,860 + 120 trawl
7 1 30°04.5' 88°13.6' 19.8-20.4 29,760 + 710 dredge
2 30°04.5' 88°13.6' 19.8-20.4 29,550 + 410 dredge
3 30°03.9' 88°13.2' 22.9-23.5 28,450 + 550 dredge
4 30°04.7" 88°12.0" 19.5-20.7 28,730 + 330 trawl
5 30°04.7' 88°11.9' 19.2-20.1 19,860 = 150 dredge
6 30°04.6' 88°11.9' 19.2-20.4 35,620 + 770 trawl
7 30°04.6' 88°11.9' 18.7-20.1 27,410 + 600 dredge
8 30°05.3' 88°12.0 18.9-20.1 28,370 + 390 dredge
9 30°05.2' 88°11.9' 19.2-19.8 31,000 + 380 trawl
10 30°05.2' 88°11.9' 19.2-19.8 27,940 + 450 trawl
8 1 29°59.5' 87°48.1' 27.5 26,530 + 270 Scuba
2 29°59.5' 87°48.1' 27.5 30,760 + 460 Scuba
9 1 29°38.3' 87°51.6' 37.9-41.9 22,700 + 160 trawl
2 29°38.3' 87°51.6' 37.9-41.8 19,690 + 150 trawl
3 29°37.2 87°51.0' 38.1-42.7 21,310 + 150 trawl
4 29°37.2' 87°51.0' 38.1-42.7 15,240 + 90 trawl
5 29°41.8' 87°565.5 37.9-38.4 29,060 + 310 trawl

proximately 15 m. Thus, shells whose ages and
depths of origin closely match inferred sea levels
are consistent with expectations. However, age-
depth points which are significantly above or
below the sea-level curves (Figure 3) require ad-
ditional explanation. We will consider both trans-
port of shells from their original locations of origin
and errors in obtaining and interpreting radio-
carbon ages as hypothetical factors in such prob-
lems.

Errors in radiocarbon ages are most likely to
cause underestimation of age. We assume that
estuarine waters in which oysters lived did not
contain significantly lowered initial amounts of
radiocarbon (e.g., from fluvial interaction with old
carbon in carbonate rocks) which would result in
increased apparent age. Contamination of shells
by younger and therefore more active carbon may
result in radiocarbon ages that are significantly
younger than ages as determined by other meth-
ods. Although we initially felt that the consistency

of ages in our older group supported their validity,
we recognize that consistent, low-level contami-
nation would yield the same pattern. We must be
cautious in accepting as accurate any pre-Holo-
cene ages, particularly ages greater than 15,000
years.

One group of shells, from Sites 1, 2, 3, 4 (the
younger of the two shells), 5, and 6, have ages
between 8,400 and 11,000 yr BP and were recov-
ered from depths of 25 to 40 m (Figure 3). These
shells can be attributed to paleo-estuarine con-
ditions, and are consistent with established sea-
level chronology (i.e. requiring little or no cross-
shelf transport either shoreward or seaward).

Most shells from Site 9 and one shell from Site
7 were significantly shallower than expected from
their apparent ages (15,240 to 22,700 yr BP). If
these ages are accepted and if the sea-level curve
of CURRAY (1965) is taken as an upper limit of
actual sea-level before 20,000 yr BP, then these
shells would appear to require significant shore-
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Figure 3. Plots of depth and radiocarbon age for oyster shells collected in this study. Each point represents an individual shell,
and numbers correspond to sampling sites (see Figure 1 and Table 1). Note: The Fairbanks (1989) curve is based on radiocarbon
ages adjusted for local seawater A“C (minus 400 yr) and local uplift (34 cm kyr-1).

ward transport; the four shells at Site 9 would
have been moved upward by 20 m to 70 m in
elevation over horizontal distances of 24 to 35 km,
and the single shell at Site 7 would have been
moved upward over 90 m in elevation over a dis-
tance of 90+ km. This is a serious discrepancy
and may be difficult to reconcile even with ex-
ceptional storm-wave transport, particularly in
light of the physical conditions of the individual
shells which suggest only limited horizontal dis-
placement. Alternatively, if some or all of the ap-
parent ages are significantly younger than the true
ages of the shells, then relations to paleo-sea-lev-

els are completely unconstrained and no direct
inferences may be drawn about transport of shells.

The oldest shells (apparent ages >25,000 yr
BP), were collected at depths near or below the
—10 m highstand inferred by CURRAY (1965) but
above the —35 m sea level identified by BLoom
and YONEKURA (1985) at 26,000 to 30,000 yr BP.
Accepting for the moment both the sea-level curve
of CURRAY (1965) and our oyster-shell ages as ac-
curate, these data are generally in agreement. Any
discrepancies in the direction of shells deeper than
expected from CURRAY (1965) could be explained
by transport of shells from their sites of origin.
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Figure 4. Compilation of latest Pleistocene-Holocene sea-level curves.

Such transport might include: (1) storm-surge ebb,
(2) cross-shelf transport by falling sea level and/
or fluvial incision, and (3) vertical displacement
or erosional lowering with little significant lateral
or cross-shelf movement. These processes may be
difficult to differentiate using only distributional
evidence. Fluvial dispersal might allow shells of
the same age to be found at several depths; how-
ever, this pattern is not evident from our data.
Furthermore, the relatively good physical condi-
tion of the shells argues against long distances of
transport by either fluvial or storm-event cur-
rents. The tendency of some sites, especially six
and seven, to contain shells of varying ages at the

same depth is consistent with origins as a lag. The
alternative case that these older shells were ac-
curately dated and are taken as having come from
sites above sea level according to the curve of
BrLoom and YONEKURA (1985), transport of these
shells to higher elevations appears necessary. As
discussed above, this situation is problematic and
difficult to explain reasonably. Finally, if the ages
themselves are suspect, then all such specific in-
ferences regarding paleogeography of shells are
speculative.

It is apparent that specific depth ranges com-
prise most of the “problem” shell ages. These
depths, centered around 20 and 40 m in our da-
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Figure 5. Late Quaternary sea-level curve from glacioeustatic records (modified from Toscano and York, 1992).

taset, appear to contain lags in which shells of
varying ages are mixed. Although our data by
themselves do not necessarily provide a compel-
ling case for favored depths, other studies help
support this pattern. Stations on the mid-Atlantic
U.S. continental shelf from which oyster shells
were recovered are most numerous in the 35 to
40 m range (MERRILL et al., 1965). Atlantic shells
with radiocarbon ages in the range of 13,000 to
18,000 yr BP are with few exceptions from depths
of 20 to 40 m (MACINTYRE et al., 1978). Arguments
raised against long distances of transport for these
shells (MACINTYRE et al., 1978; EMERY et al., 1979)
have been used to question the lowstand sea level
inferred at depths of 100 to 130 m (MILLIMAN and
EMERY, 1968) and to suggest that shelf topogra-
phy precluded transport from depths below 80 m.

Materials associated with oyster shells at Site
7 provide evidence in support of erosion and lag-
ging. Collections at this site yielded not only oys-
ter shells but also two types of rocks. These rocks,
described in detail elsewhere (SCHROEDER et al.,
1988; HowaRD, 1990), are generally rounded, peb-
ble- to cobble-sized and variably encrusted with
living benthic fauna. Rock types include calcite-
cemented sandstone and mudstone inferred to
have been formed at or near the sediment-water
interface and siderite-cemented sandstone and
mudstone inferred to have been formed in anoxic

sediment, perhaps a few meters below the sedi-
ment-water interface. The formation of siderite
nodules and clasts in their present oxic environ-
ment is highly unlikely; these materials must have
been exhumed sometime after lithification. The
presence of this mixture of materials is entirely
consistent with erosion of sediment, possibly a few
meters thick, that formerly overlaid the present
seafloor surface. This erosion would have resulted
in a lag deposit of larger, less mobile particles
including rocks and shells.

Growing evidence for more complicated changes
in sea level since the late Wisconsinan lowstand
comes from data on in situ shelf deposits, »4U-
-20Th dating of corals by thermal ionization mass
spectrometry, and high-resolution seismic stra-
tigraphy. In situ shelf deposits, including salt-
marsh peat, beach coquina, and Crassostrea vir-
ginica shells in lagoonal sediment suggest that sea
level during the last transgression was at least 30
m shallower than indicated by previous sea-level
curves (BLACKWELDER et al., 1979). The Younger
Dryas event, a cooling episode between 11,000 to
10,000 yr BP when the climate of northern Europe
returned to near-glacial conditions for a few hun-
dred years, has been intensively investigated (e.g.,
DANSGAARD et al., 1989; FAIRBANKS, 1989; Bro-
ECKER and DENTON, 1990). Rate of sea-level rise,
revealed in *C and #*U-2°Th dated corals from
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Barbados and Papua New Guinea, appears to have
been very low in the Younger Dryas interval (BARD
et al., 1990; EDWARDS et al., 1993). Furthermore,
seismic-reflection profiles for Quaternary deposits
on the Texas inner shelf suggest as many as five
stillstands in the last 10,200 years (SIRINGAN,
1993). In short, evidence appears to be mounting
for an unsteady rate of rise in glacioeustatic sea
level.

We suggest that changes in rate of sea-level rise
during the Holocene transgression may have con-
tributed to the complicated distribution of oyster
shells on the inner shelf. If some of the concen-
trations of oyster shells are to be accepted as lags
rather than as in situ deposits, we would wonder
both how they formed and how they remained to
the present. We speculate that sea-level rise may
produce a transgressive lag of great extent on a
smoothly sloping shelf but that a lag at a specific
depth requires a slower rate of rise in sea level or
a stillstand, if not a sea-level fall. Preservation of
such a lag without deposition of overlying sedi-
ment during continued sea-level rise would re-
quire a reduced rate of shoreface erosion or a rapid
landward advance of the shoreface; these condi-
tions suggest a rapid rate of rise in sea level fol-
lowing formation of a lag. The assemblage at 40
m (Figure 3) includes shells as young as 10,100 yr
BP and may be related to a period of decreased
rate of rise in sea level. The best documented
event of this type is the Younger Dryas episode
around 11,000 to 10,000 yr BP, which was followed
by a brief, rapid rise in sea-level (FAIRBANKS, 1989;
Epwarps et al., 1993). However, the Younger
Dryas episode corresponds to sea levels in the
range of 62-68 m below present sea level and thus
is probably not related to the 40 m shell deposit.
Another significant decrease in the rate of sea-
level rise is noted at 9,800 and 9,000 yr BP (see
Figure 3 in EDWARDS et al., 1993) when sea level
was in the range of 37-52 m below present sea
level. Just as in the Younger Dryas episode, this
decreased rate in rise of sea-level is followed by
an increased rate in rise, albeit modest in ampli-
tude and not entirely documented. Subsequent
variations in the rate of rise of sea-level (Si-
RINGAN, 1993) may have contributed to the for-
mation of other degradational lags such as the
one involving shells and lithified sediments at Site
7 at 20 m depth around 8,000 yr BP (Figure 4).
Interestingly, the sea-level history proposed over
thirty years ago by CURRAY (1960) included con-
siderable complexity over these same ranges of

age and depth (Figure 4), though other workers
tended to favor a more monotonic sea-level curve
for the Holocene.

The foregoing model assumes a topographically
smooth shelf on which effects of sea-level change
are played out. The nature and distribution of
togography on the MAFLA shelf is in some lo-
cations at odds with this assumption; Pleistocene
estuaries on the shelf (BALLARD and UcHuri, 1970;
ScHROEDER and SHULTZ, 1993) may have left some
bay-barrier topography during the glacial maxi-
mum and lowstand. Relict barrier features would
tend to influence the development of transgres-
sive estuaries and preservation of their deposits.
Protected estuarine sites suitable for develop-
ment of oyster reefs might form preferentially
atop older bay-barrier systems even during steady
sea-level rise. Breaching or overtopping of the
barrier during continued sea-level rise would al-
low rapid landward shift of the site of active
shoreface erosion across the relatively level bay-
top and would permit mixing of shells of various
ages over considerable cross-shelf distances. This
superposition of Holocene and older bay-barrier
systems can therefore provide an alternative ex-
planation for mixed-age lags at specific depths,
even if varying rates of sea-level rise are discount-
ed. We feel that both phenomena are indepen-
dently documented and may well have acted to-
gether. Recognition of this complexity is important
in assessing both paleogeographic and geochron-
ologic interpretations.

SUMMARY

American oyster (Crassostrea virginica) shells
collected at nine sites on the Alabama continental
shelf in the northeastern Gulf of Mexico have
yielded 27 radiocarbon ages between 8,400 and
36,000 yr BP. Ages and water depths of collection
sites of these shells are generally consistent with
ages and water depths of shells from the U.S.
Atlantic shelf. Some shells appear to represent in
situ estuarine deposits, whereas others have ra-
diocarbon ages that appear inconsistent with or-
igins near late Pleistocene sea levels. We feel that
uncertainties in accuracy of radiocarbon ages
greater than 15,000 yr, together with the generally
good physical condition of the shells, provide no
compelling evidence for long-distance cross-shelf
transport of shells.

The nine youngest shells, from six different sites,
have age-depth relations consistent with estua-
rine origins. The radiocarbon ages of older shells
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are problematic; while some can be tied to par-
ticular sea-level curves, many are from depths
above postulated sea levels during late Pleisto-
cene glacial conditions (Figure 3). Given the like-
lihood of significant errors in radiocarbon ages,
such that true ages of these shells may be much
greater than their radiocarbon ages, and the in-
dependent interpretation of sea levels that would
be compatible with oyster habitat near these lo-
cations between 25,000 and 115,000 yr BP (Figure
5), we feel that a call for significant cross-shelf
tiansport, either seaward or landward, is unwar-
ranted. Nonetheless, we feel that reworking and
erosion of estuarine deposits, with resultant lag-
ging of shells, are likely to have occurred.

Notable concentrations of mixed-age shells oc-
cur at 40 m and 20 m depths. We interpret these
concentrations as lags documenting changes in
rate of sea-level rise and/or the superposition of
Holocene and older paleo-estuarine systems. The
40 m lag either resulted from a decreased rate of
rise in sea level over the period 9,800 to 9,000 yr
BP followed by a brief interval of increased rate
of rise in sea level; or it is a combination of Ho-
locene estuarine deposits and paleo-estuarine de-
posits from interstadial sea levels around —40 m
dating from 25,000 to 76,000 yr BP (Figure 5;
CuarpPELL and VEEH, 1978). The 20 m lag rep-
resents a reworking of pre-Holocene shells and
lithified sediment during a subsequent decrease
in the rate of rise in sea level postulated at 8,200
to 7,800 yr BP; it may overlie interstadial paleo-
estuarine deposits from the period between 80,000
and 115,000 yr BP (Figure 5).

ACKNOWLEDGEMENTS

This research was supported in part by the
NOAA Office of Sea Grant, Department of Com-
merce, under grants NA85AA-D-SG005 and
NAB9AA-D-SGO16 for projects R/ER-19-PD and
R/ER-19, the Mississippi-Alabama Sea Grant
Consortium; NOAA’s National Undersea Re-
search Center at the University of North Carolina
at Wilmington under grant NA8SAA-D-UR004
for project 89-GM-ROV-Schroeder; U.S. Geolog-
ical Survey, Department of Interior, under grant
14-08-0001-A0775 to the Geological Survey of Al-
abama; the Marine Environmental Sciences Con-
sortium of Alabama; and The University of Ala-
bama. For assistance in collecting oyster shells we
want to thank J. Dindo, M. Dardeau, T. Hopkins,
S. Luker, J. Valentine and MESC vessel opera-
tions personnel. We thank D. Krantz, J. Weh-

miller, and an anonymous reviewer for comments
and discussions that were instrumental in im-
proving the manuscript.

LITERATURE CITED

BaLLARD, R.D. and Ucnupi, E., 1970. Morphology and
Quaternary history of the continental shelf of the Gulf
Coast of the United States. Bulletin of Marine Sci-
ence, 20, 547-559.

Barp, E; HAMELIN, B.; FairBanks, R.G., and ZINDLER,
A., 1990. Calibration of the *C timescale over the past
30,000 years using mass spectrometric U-Th ages from
Barbados corals. Nature, 345, 405-410.

BLACKWELDER, B.W.; PILKEY, O.H., and Howarbp, J.D.,
1979. Late Wisconsinan sea levels on the southeast
U. S. Atlantic shelf based on in-place shoreline in-
dicators. Science, 204, 618-620.

Broom, A.L. and YONEKURA, N., 1985. Coastal terraces
generated by sea-level change and tectonic uplift. In:
WOLDENBERG, M.J. (ed.), Models in Geomorphology.
Winchester: Allen and Unwin, pp. 139-154.

BroeckiRr, W.S. and DENTON, G.H., 1990. What drives
glacial cycles?. Scientific American, 256, 49-56.

CHAPPELL, J. and SHACKLETON, N.J., 1986. Oxygen iso-
topes and sea level. Nature, 324, 137-140.

CHAPPELL, J. and VEEH, H.H., 1978. 28°Th/?*U age sup-
port of an interstadial sea level of —40 m at 30,000
yr BP. Nature, 276, 602-604.

CURRAY, J.R., 1960. Sediments and history of Holocene
transgression, continental shelf, northwest Gulf of
Mexico. In: SHEPARD, F.P.; PHLEGER, F.B., VAN ANDEL,
T.H. (eds.), Recent Sediments, Northwest Gulf of
Mexico. Tulsa: American Association of Petroleum
Geologists, pp. 221-265.

CurRrAY, J.R., 1965. Late Quaternary history, continen-
tal shelves of the United States. In: WricHT, H.E.
and Frey, D.G. (eds.), The Quaternary of the United
States. Princeton: Princeton University Press, pp. 723-
735.

DANSGAARD, W.; WHITE, J.W.C., and JOHNSEN, S.J., 1989.
The abrupt termination of the Younger Dryas climate
event. Nature, 339, 532-534.

Dovig, L.J. and Sparks, T.N., 1980. Sediments of the
Mississippi, Alabama and Florida (MAFLA) conti-
nental shelf. Journal of Sedimentary Petrology, 50,
905-915.

Epwarbps, R.L.; BEck, J.W.; BURR, G.S.; DoNAHUE, D.J.;
CHAPPELL, J.M.A.; BLooMm, A.L.; DrurreL, E.R.M,,
and TayLor, F.W., 1993. A large drop in atmospheric
14C/12C and reduced melting in the Younger Dryas,
documented with 2°Th ages of corals. Science, 260,
962-968.

EMERY, K.O. and Garrison, L.E., 1967. Sea levels 7000
to 20,000 years ago. Science, 157, 684-687.

EmERY, K.O.; WiGLEY, R.L.; BERTLETT, A.S.; MEYER,
R., and BerGgHOORN, E.S., 1967. Freshwater peat on
the continental shelf. Science, 158, 1301-1307.

EMERY, K.O.; MERRILL, A.S.; MACINTYRE, 1.G.; PILKEY,
0.H.,, and STUCKENRATH, R., 1979. Relict oysters on
the United States Atlantic continental shelf: A re-
consideration of their usefulness in understanding late
Quaternary sea-level history: Discussion and reply.
Geological Society of America Bulletin, 90, 689-694.

Journal of Coastal Research, Vol. 11, No. 3, 1995



674 Schroeder, Shultz and Pilkey

FAIRBANKS, R.G., 1989. A 17,000 year glacio-eustatic sea
level record: Influence of glacial melting rates on the
Younger Dryas event and deep-ocean circulation. Na-
ture, 342, 637-642.

Howarp, R.O., Jr., 1990. Petrology of Hardbottom
Rocks, Mississippi-Alabama-Florida continental shelf.
Unpublished Masters Thesis, Department of Geol-
ogy, The University of Alabama, Tuscaloosa, Ala-
bama, 121p.

Lupwick, J.C., 1964. Sediments in the northeastern Gulf
of Mexico. In: MILLER, R.L. (ed.), Papers in Marine
Geology. New York: Macmillan, pp. 204-238.

Lupwick, J.C. and WaLToN, W.R., 1957. Shelf-edge cal-
careous prominences in northeastern Gulf of Mexico.
American Association of Petroleum Geologists Bul-
letin, 41, 2054-2101.

MACINTYRE, I.G.; PiLKEY, O.H. and STUCKENRATH, R.,
1978. Relict oysters on the United States Atlantic
continental shelf: A reconsideration of their useful-
ness in understanding late Quaternary sea-level his-
tory. Geological Society of America Bulletin, 89, 277
282.

MazzuLLo, J. and BATES, C., 1985. Sources of Pleisto-
cene sand for the northeastern Gulf of Mexico shelf
and Mississippi Fan. Gulf Coast Association of Geo-
logical Societies, Transactions, 35, 457-466.

MERRILL, A.S.; EMERY, K.O., and RuBIN, M., 1965. An-
cient oyster shells on the Atlantic continental shelf.
Science, 147, 1121-1123.

MIiLLIMAN, J.D. and EMERY, K.O., 1968. Sea levels dur-
ing the past 35,000 years. Science, 162, 1121-1123.
OLssoN, 1.U., 1968. C-14/C-12 ratio during the last sev-
eral thousand years and the reliability of C-14 dates.
In: MorrisoN, R.B. and WriGHT, H.E. (eds.), Means
of correlation of Quarternary successions, Proceed-

ings INQUA VII Congress, 8:241-252.

SAGER, W.W.; SCHROEDER, W.W.; LASWELL, J.S.; DAvIs,
K.S.; REzak, R., and GirTiNGs, S.R., 1992. Mississip-
pi-Alabama outer continental shelf topographic fea-
tures formed during the Late Pleistocene-Holocene
transgression. Geo-Marine Letters, 12, 41-48.

ScHROEDER, W.W. and SHuLTz, A.-W., 1993. Opysters,
estuaries, and late Pleistocene-Holocene sea level,
northeastern Gulf of Mexico. Geological Society of
America Abstracts and Programs, 25 (4), 67-68.

ScHROEDER, W.W.; SHuLTZ, A.W., and Dinpo, J.J., 1988.
Inner-shelf hardbottom areas, northeastern Gulf of
Mexico. Transactions, Gulf Coast Association of
Geological Societies, XXXVIII, 535-541.

ScHrROEDER, W.W.; GITTINGS, S.R.; DARDEAU, M.R,;
FLEISCHER, P.; SAGer, W.W.; SuuLtz, A.W., and
Rezak, D., 1989. Topographic features of the
L’MAFLA continental shelf, northern Gulf of Mexico.
Oceans ’89 Proceedings, IEEE Publication No.
89CH2780-5, New York, pp. 54-58.

SHEPARD, F.P., 1963. Thirty-five thousand years of sea
level. In: CLEMENTS, T. (ed.), Essays in Marine Ge-
ology in Honor of K. O. Emery. Los Angeles: Uni-
versity of Southern California Press, pp. 1-10.

SHuLTZ, A.W.; SCHROEDER, W.W., and ABsTON, J.R.,
1990. Along-shore and offshore variations in Alabama
innershelf sediments. In: TANNER, W.F. (ed.), Coastal
Sediments and Processes: Proceedings, 9th Sympo-
sium on Coastal Sedimentology, Tallahassee, Geol-
ogy Department, Florida State University, pp. 141-
152.

SIRINGAN, F.P., 1993. Coastal Lithosome Evolution and
Preservation During an Overall Rising Sea Level: East
Texas Gulf Coast and Continental Shelf. Unpublished
Ph.D. Thesis, Department of Geology and Geophys-
ics, Rice University, Houston, Texas, 226p.

StAPOR, F.W. and TANNER, W.F., 1973. Errors in the
pre-Holocene C-14 scale: Transactions of the Gulf
Coast Association of Geological Societies, XXIII, 351—
354.

Toscano, M.A. and York, L.L., 1992. Quaternary stra-
tigraphy and sea-level history of the U.S. middle At-
lantic coastal plain. Quaternary Science Reviews, 11,
301-328.

Journal of Coastal Research, Vol. 11, No. 3, 1995





