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Florida Submergence Curve Revised:
Its Relation to Coastal Sedimentation Rates

Abstract. New data substantiate as well as modify the south Florida submergence
curve, which indicates that eustatic sea level has risen continuously, although at a
generally decreasing rate, during the last 6500 to 7000 sidereal years (5500 stan-
dard radiocarbon years) to reach its present position. Accumulation rates of coastal
deposits are similar to the rate of sea-level rise, thus supporting the generaliza-
tion that submergence rates largely determine as well as limit rates of coastal
sedimentation in lagoonal and estuarine areas.

Scholl and Stuiver (I) have shown
that during late Holocene time the
coastal mangrove swamps and adjoin-
ing Everglades of southwestern Florida
(Fig. 1) underwent continuous marine
submergence. During the last 4500
radiocarbon years, the rate of sub-
mergence steadily decreased and sea
level did not rise above its present po-
sition or hold a fixed level that lasted
longer than several hundred years. Sub-
mergence was attributed to a eustatic
rise in sea level (/). The Florida sub-
mergence curve has since proved useful
in assessment of the eustatic and tec-
tonic implications of submergence data
collected along other coasts (2, 3).

New data now confirm the younger
and modify the older portions of the

Florida submergence curve. In addi-
tion, investigations to improve the
accuracy of radiocarbon dating have
established a more precise half-life for
radiocarbon years and have disclosed
a generally linear divergence between
radiocarbon years and true earth (side-
real) years beginning about 2200 years
ago. An approximate conversion of
radiocarbon years (determined in the
standard way) to sidereal years can be
made for the period from 2200 to 6000
years ago (4). Unless noted, all radio-
carbon ages used in this paper have
been converted to approximate calen-
dar years. The application of these
corrections significantly modifies the
original Florida submergence curve.
As originally constructed, the Florida
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Fig. 1. Location of coastal mangrove (paralic) swamps and Everglades (freshwat.er) qf
southwestern Florida. Most of the radiocarbon-dated sediment samples reported in this
paper were collected in this area or in t v vicinity of Man-O-War, Crane, and Rod-

riquez keys.
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submergence curve (I) was based on
specially selected sediment samples.
The ages of the samples were plotted
on the submergence diagram to indi-
cate the elevation (relative to modern
sea level) of sea level at a correspond-
ing time. This procedure necessarily
involved making decisions regarding
actual position of sea level when the
dated sediment was deposited—deci-
sions which, unfortunately, also quali-
fied the accuracy of the resulting sub-
mergence curve (5).

In order to assess the accuracy, we
used different criteria to construct a
revised submergence curve (Fig. 2).
We plotted the ages of 72 dated sedi-
ment samples against their elevation
in situ relative to present sea level,
making no correction for the distance
above or below sea level at which the
dated sediment was actually deposited.
The data points, however, are identi-
fied with respect to whether the sedi-
ment formed at or above mean sea
level (freshwater and brackish water
types) or at or below mean sea level
(marine types), as indicated by the
presence or close stratigraphic associa-
tion of a freshwater or marine fauna
or flora. The revised submergence
curve (Fig. 2) has been fitted to the
plotted data in accordance with the
following assumptions.

1) Because sea level must have oc-
cupied a position equal to or lower
than a dated freshwater sediment, and
equal to or higher than a coeval ma-
rine sediment, the submergence curve
has been drawn to separate them.

2) The large number of dated fresh-
water sediments from below sea level
(6) from southern Florida makes it
likely that the lowest (in elevation)
sediment found for any particular age
will have originally been deposited
close to the minimum elevation of
freshwater sedimentation, which, in
southern Florida, is essentially mean
sea level. Accordingly, the submer-
gence curve has been drawn to fall
generally below the lowest freshwater
data points. It should be noted that
the curve in Fig. 2 does not follow in
detail the base of the fresh. - :r data.
This is because errors inherent in de-
termining field elevations and in cal-
. lating radiocarbon ages do not jus-
tify precise adherence to the data points
7).

3) Deposits of peat occur directly
over bedrock but beneath 2 to 4 m of
marine sedim~~t forming small islands
(Crane Key and Man-O-War Key) in
Florida Bay (Fig. 1), and over the
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Fig. 2. Unbroken curve is the revised submergence curve for south Florida; dashed curve is a previously published version (7).
Short bar above or below data points identifies original data used to construct the dashed curve. Data accuracy has been discussed in
detail elsewhere (I, 11) and is briefly described in reference (7). Width of hatched zone indicates the vertical uncertainty in the posi-
tion of any portion of the revised submergence curve. The accuracy of the data justifies only the construction of a smooth or gen-
eralized submergence curve, which should not, therefore, be construed to mean the absence of minor “oscillations” in the late Holo-
cene eustatic rise in sea level. Doubly circled points are dated peat deposits underlying Crane Key (CK), Man-O-War Key (MOW),
and Rodriquez Key (RK); dated marine deposits from Crane Key and Rodriquez Bank (RB) are also identified (8, 14). Upper time
scale represents approximate true earth (sidereal) years (4), lower scale is in standard radiocarbon years.

nearshore portion (Rodriquez Key) of
the Florida Reef Tract (8) (Fig. 2).
Because of their close stratigraphic as-
sociation with several meters of over-
lying marine deposits, the peats must
have formed near, though probably a
little above, sea level (9); they are
therefore good guides (7) to the gen-
eral positions of former sea level
stands. The submergence curve on Fig.
2 has accordingly been drawn close to
them.

The unbroken curve in Fig. 2 should
represent the approximate average eu-
static position of sea level during the
last 6500 to 7000 years (approximately
5500 radiocarbon years). For the last
4800 years the revised curve is coinci-
dent with the published submergence
curve, which is the dashed curve on
Fig. 2. The two curves, however, are
not in close agreement before this time.
Sample T6 (Fig. 2), a fresh- to brack-
ish-water peat of questioned signifi-
cance (5), was used to position the
lower segment of the original curve
).

However, the position and slope
of the submergence curve indicated by
the distribution of newly acquired
freshwater data and the data from
Man-O-War, Crane, and Rodriquez
keys suggest to us that sample T6 is
in error (we recognize that T6 may
yet prove to be a valid control point;
confirmation would imply the submer-
gence curve flattens between 5500 and
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7000 years ago). The expanded time
scale (resulting from age correcting)
and the rejection of sample T6 allow us
to remove the sharp downward inflec-
tion from the revised submergence
curve. However, a definite, slope in-
crease (factor of 2.4) still remains. The
indicated change in rate of sea-level
rise is from about 3.5 cm/100 years
after 3500 years ago to about 8.3 cm/

100 years before this time.

. The decrease in rate of rise was ear-
lier (I) correlated tentatively with
probable global cooling associated with
the beginning of the neoglacial period.
Although this correlation may prove
correct, the inflection is in part depen-
dent upon data collected at Rodriquez
Bank (Fig. 1). Because this site is lo-
cated near relatively deep water east
of the Florida Reef Tract, it may have
undergone isostatic subsidence in re-
sponse to the water-loading effect de-
scribed by Bloom (3). The amount of
isostatic subsidence is difficult to as-
sess because of the proximity of Rod-
riquez Bank to the continental slope,
a region of crustal transition and un-
certain load response. However, gen-
eral considerations suggest that during
the last 7000 years isostatic subsidence
on the order of 1 to 2 m, a correction
for which would reduce, although not
eliminate, the inflection, could have
taken place. Accordingly, the cause of
the downward inflection in the submer-

‘gence curve remains in doubt,

The submergence curve for the last
4000 to 5000 years, which includes the
inflection point, is based mostly on
data from the coastal swamps border-
ing the inner edge of the wide shelf off
southwestern Florida (Fig. 1). The
shallowly submerged coastal region
could not have been significantly down-
warped by water loading (3). This por-
tion of the submergence curve, there-
fore, is regarded as a good measure of
the position of sea level during the last
five millenniums. :

Although a number of factors con-
trol rates of coastal sedimentation, rate
of coastal submergence should be the
chief factor in lagoonal or estuarine
areas where the rate is not extremely
iow and where the sediment supply
remains approximately the same during
submergence (I0). These conditions
would seem to be met in southwestern
Florida, which has been submerged at
an average rate close to 3.5 cm/100
years during the last 4000 years, and
receives most of its sediment from bi-
ological sources (chiefly mollusks,
algae, and rooted vegetation). There-
fore, the rate of coastal sedimentation
during this time should also have aver-
aged close to 3.5 cm/100 years. Actu-
ally, the average rate of coastal marine
deposits (based on 11 determinations)
during the last 4000 years has been
3.0 cm/100 years (Fig. 3). In contrast,
calcitic mud formation in nearby
coastal freshwater swamps has averaged
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Fig. 3. Sedimentation rates in coastal
swamps and nearshore areas of southwest-
ern Florida during the last 5000 sidereal
years. Horizontal line through data point
indicates the range in sediment ages over
which the average value (plotted point)
was computed.

only 1.6 cm/100 years. This lower
value signifies that submergence was
attended by coastal regression and the
marine inundation of former freshwater
swamps (the Everglades)—a fact em-
phasized and documented in previous
studies (11).

Although there is considerable scat-
ter of the data on Fig. 3, they appear
to indicate a slight increase in sedi-
mentation rate with age. For example,
the rate of calcitic mud formation in
coastal freshwater swamps averaged
1.2 cm/ 100 years from O to 1000 years
ago, 1.7 cm from 1000 to 2000 years
ago, 1.7 cm from 2000 to 3000 years
ago, 1.9 cm/100 years from 3000
to 4000 years ago, and 2.8 cm/100
years from 4000 to 5000 years ago.
This trend may reflect the slowly de-
creasing rate of sea-level rise indicated
by the submergence curve over the last
5000 years.

Our results indicate that sea level has
risen continuously, although at a gen-
erally decreasing rate, during the last
5000 sidereal years, and possibly since
7000 years ago, to its present position.
Unlike other workers (12), we believe
that sea level never rose above this

level or remained stationary during its |

slow rise to this position for more than
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a few hundred years. However, the
pronounced change (slowing) in rate
of rise beginning about 3500 years ago
shown on a previously published sub-
mergence curve (/) is much reduced on
the revised curve presented here (Fig.
2). The similarity of rates of coastal
sedimentation with rates, and possibly
with changes in rates, of coastal sub-
mergence stresses the fundamental
geologic relation between these vari-
ables. '

Inasmuch as geologic and geomor-
phic evidence (I3, 14) show that no
substantial coastal subsidence has taken
place in southwestern Florida during
the Holocene, we believe that the
revised Florida submergence curve
closely (no greater than =+ 0.3 m)
traces the average eustatic position of
sea level during the last 5000 sidereal
years. From 5000 to 7000 years ago
the submergence curve is based on less
certain data, and the curve as drawn is
regarded as only a close approximation
(= 1.0 m) of former eustatic levels.
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