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ABSTRACT

Marsh deposits may occupy little of a profile, but the
environments they represent may be long lived. Marsh
longevity depends partly on the deposition of mineral and
organic matter to counter relative sea level rise, or submer-
gence. Understanding soil formation in Louisiana’s rapidly
subsiding coastal marshes may provide insights relevant to
other coastal marshes if global sea-level rise increases as
expected.

Mineral and organic matter accumulation rates required
to prevent flooding stress on marsh vegetation in asubmerg-
ing environment are partially dependent on whether the
marsh is fresh, brackish, or saline. Estimates of the rates of
mineral matter accumulation required for a marsh surface
submerging at 1 cm yr'1 range from 424 gr m? yr’1 in fresh,a
to 1,798 gr mAyr™ in saline marsh. Mineral requirements
likely vary in response to the availability of S04} whicha
reduces to a plant toxin, but which is buffered by soil iron.
Estimates of the rates of organic matter accumulation re-
quired range from 1,969 gr m~ yr-hin fresh to 1,136 gr m%
yr'in'n brackish marsh. Organic requirements vary becausea
of differences in the decomposition rates of plants in the
different marsh types.

Another aspect of increasing rates of global sea-level
rise is increased marine influences in tidal fresh and brack-
ish marshes, i.e., increased tidal flushing and availability of
sea salts such as NaCl and SO.%, which cause shifts in plant
communities. This is important because mineral matter ac-
cumulation must almost double for Spartina alterniflora to
occupy brackish marsh areas experiencing increased marine
influences. Thus even though vertical accretion may ini-
tially keep pace with submergence, we hypothesize that if
increasing marine influences accompanies submergence,
brackish marsh may be more likely to convert to open water
than to saline marsh. This may be a factor in the rapid
conversion of Louisiana’s brackish marsh to open water. If

166

the rate of global sea-level rise increases, other brackish
marshes with low soil bulk density may be similarly threat-
ened.

INTRODUCTION-

Subsidence and global sea-level rise combine to sub-
merge coastal marshes. The slow rise of global sea-level
since the end of the last ice age allowed coastal marshes to
maintain their elevation relative to the rising sea level (see
Titus, 1986). This was accomplished by the accumulation
of mineral and organic matter which formed new, more
elevated marsh soil. Global sea-level dise is currently esti-
mated at 0.24 cm yr! (Peltier and Tushingham, 1989), buta
the rate may increase, and the conversion of marsh to open
water would likely follow (Titus, 1986).

An opportunity exists in Louisjana to study the effects
of rapid submergence on vertical accretion before rapid
submergence is widespread. This is because thick accumu-
lations of under-consolidated sediments cause rapid subsi-
dence rates in some areas of Louisiana (Ramsey and
Penland, 1989). This combines with sea-level rise to pro-
duce rapid submergence rates, up to 1.17 an yr'1 (Ramsey
and Penland, 1989). This may be similar to that expected to
occur globally if the rate of global sea-level rise increases
as expected. Rapid submergence rates may be linked to the
conversion of marsh to open water in Louisiana (Ramsey
and Penland, 1989) and in Texas (Mortoa and Paine, 1990).
In Texas, submergence has been estimated at 0.63 am yrh
(Ramsey and Penland, 1989), and subsurface fluid with-
drawal may contribute to subsidence (Morton and Paipe,
1990).

Another possible aspect of increasing rates of global
sea-level rise is increased flushing of tidal fresh and brack-
ish marshes with water containing sea salts (Titus, 1986).
Again, Louisiana provides a chance to study these condi-
tions before they become widespread because marine influ-

GCSSEPM Foundation Twelfth Anrual Research Conference
Program and Abstracts, December 5, 1991


https://Twe/fthA.nnu.al

COASTAL DEPOSITIONAL SYSTEMS IN THE GULF OF MEXICO 167

ences are increasing in the Mississippi River Deltaic Plain,
as indicated by the inland migration of saline and brackish
marsh vegetation (Chabreck and Linscombe, 1982).

In this paper we describe recent work relevant to soil
formation in the rapidly submerging marshes of the Missis-
sippi River Deltaic Plain. We also explore relationships
between increasing marine influences, wetland soil forma-
tion, and landscape stability. For reasons exglained later, we
focus on the implications of increased SO4™ rather than on
increased NaCl. This may provide insight into conditions
that may become widespread if the rate of global sea level
rise increases in response to ihe greenhouse effect.

SUBMERGENCE AND MARSH SOIL FORMATION

To counter submergence, a combination of mineral and
organic matter must accumulate to maintain the marsh sur-
face in the intertidal zone. Otherwise, marsh elevation is too
low and plant stress or mortality may occur (DeLaune et al.,
1983, Mendelssohn et al., 1981). Mineral matter accumula-
tion varies more than organic matter accumulation (Table
1). The processes of mineral matter and organic matter
accumulation differ but are related; mineral matter accumu-
lation enhances organic matter accumulation, and vice
versa.

Table 1. Rates (gr m yr'l) of mineral and organic matter
accumulation in inland marshes of the

Mississippi River Deltaic Plain.
Source mineral organic
matter matter
fresh marsh.
Hatton et al. (1983) 280 306
Smith et al. (1983) 386
Del.aune et al. (1987) . 312
~———————————brackish marsh
Hatton et al. (1983) 478 348
Smith et al. (1983) 414
DeLaune et al. (1987) 262
saline marsh
Hatton et al. (1983) 1,740 435
Smith et al. (1983) , 315

Soil Organic Matter Accumulation

Hatton et al. (1983) concluded that organic matter accu-
mulation was a main determinant in the vertical growth rate
of marshes in the Mississippi River Deltaic Plain. In those
marshes, there is less organic matter than mineral matter on
a weight basis, but organic matter occupies more volume
than mineral matter in fresh and brackish marsh soil (Nyman
etal., 1990). Organic matter is believed to contribute greatly
to the soil matrix and increase structural strength by forming
an interlocking network. The amount of soil organic matter

varies from 2.4% by volume in fresh marsh to 5.3% in saline
marshes (Nyman et al., 1990).

Soil organic matter accumulation is believed to result
from in situ production by marsh plants, rather than trans-
portation from other areas. Thus factors whichregulate plant
growth also affect soil organic matter accumulation. Plant
growth also promotes mineral matter accumulation. Plant
stems reduce water velocities, which promotes deposition
of mineral matter (Gleason et al., 1979, Rejmanek et al.,
1988), and algae on plant stems promotes the trapping of
mineral matter too fine to settle from the water column
(Stump, 1983).

Plant growth is largely controlled by the de of soil
aeration and the amount of reduced sulfur (S, HS, and
H>S), which is toxic to plants (Pearson and Havill, 1988,
Pezeshki et al., 1988). The two are related because sulfur is
reduced in waterlogged soils, but only when sulfate is
available. Soil waterlogging is less stressful to marsh vege-
tation than soil waterlogging and sulfides (Pearson and
Havill, 1988, Pezeshki et al., 1988). And because seawater
contains more sulfate (SO42’) than fresh water, the import-
ance of sulfide toxicity increases from fresh to brackish to
saline marshes. At least in saline marsh, soil waterlogging
and sulfides combine to severely stress vegetation
(DeLaune et al., 1983, Mendelssohn ez al., 1981).

The accumulation rate of soil organic matter is also
affected by the decomposition rate. Soil organic matter is
constantly being oxidized by decomposers, which results in
the conversion of organic carbon to CO2 and CHs. Soil
organic matter decomposition differs among fresh, brack-
ish, and saline marsh (Smith et al., 1983). The differences
were partially attributed to the different plants which occupy
the marsh types (Nyman and DeLaune, in press). Brackish
Spartina patens marsh decomposes the slowest, and fresh
Panicum hemitomon marsh decomposes the fastest.

The amount of organic matter and of organic matter
decomposition in fresh, brackish, and saline marsh soils of
the Mississippi River Deltaic Plain have been used to esti-
mate the amount of soil organic matter production required
for marsh soil formation (Nyman ez al., 1990). Brackish
marsh has the lowest organic matter requirement (Fig. 1).

Soil Mineral Matter Accumulation

Soil mineral matter may be from 50% to 90% of the dry
weight of marsh soils, but mineral matter occupies only 2%
to 7% of soil volume in Mississippi River Deltaic Plain
marshes (Nyman et al., 1990). Storm passage is a primary
mechanism that delivers mineral sediments to Louisiana
marshes (Reed, 1988, Roberts ez al., 1989). Increased water
levels and wave action in bays and lakes prior to frontal
passage transpotts sediments from water bottoms to marsh
surfaces. Following frontal passage, north winds reduce
water levels and the marsh surface drains, drying and con-
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solidating the newly deposited sediments. Drying is import-
ant; although Hurricane Juan deposited sediments in some
marshes, heavy rains following the hurricane washed away
virtually all new sediments (Meeder, 1987).

In addition to contributing to soil volume and marsh
surface elevation, soil mineral matter also promotes vigor-
ous plant growth in several ways. Soil mineral matter pro-
vides plant nutrients such as calcium, potassium, and
phosphorous, and under reduced conditions provides cation
exchange and sorption sites for orthophosphate, which re-
stricts phosphate leaching (Patrick and Khalid, 1974). Thus
saline marsh in Louisiana is not phosphate limited (Buresh
et al., 1980), whereas fresh marsh, which contains less
mineral matter, is phosphate limited (Mistch and Gosselink,
1986:267-268).

Another important aspect of soil mineral matter is the
iron content. Soil iron precipitates with reduced sulfur,
which as noted is a plant toxin. Thus the amount of soil iron
has been positively associated with production of the salt
marsh plant Spartina alterniflora (King et al., 1982) on the
east coast, and with Spartina alterniflora biomass and
height in Louisiana (DeLaune et al., 1990). Soil bulk density
is a good indicator of mineral nutrient and iron content, and
Spartina alterniflora biomass is related to soil bulk density
(Fig. 2) (DeLaune and Pezeshki, 1988, DeLaune et al.,
1990). A similar relationship between soil bulk density and
biomass of the brackish marsh plant Spartina patens has
also been observed (Nyman et al., unpublished data).

Submerging fresh, brackish, and saline marshes have
different mineral matter requirements. Nyman et al. (1990)
analyzed 50 cores from throughout the Mississippi River
Deltaic Plain and estimated that to vertically accrete at 1 cm

yr'l, fresh marsh reqzuircd 424 gr m?> yr'l, brackish marsh
required 1,052 gr m" yr'l, and saline marsh required 1,789
gr m yr'l. These differences were attributed to the greater
iron requirement of saline marsh, which resulted from its
greater supply of S04%.

Marsh loss may occur if low mineral and organic matter
accumulation cause insufficient vertical accretion relative
to submergence. In a rapidly submerging marsh in Louisi-
ana, marsh loss was associated with inadequate vertical
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Figure 2. Relationship between soil density and biomass of the
saline marsh species Spartina alterniflora; adapted from
DeLaune ez al. (1990).
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accretion, even though vertical accretion averaged almost 1
cm yr'1 (Nyman et al., unpublished data). In that marsh,
neither mineral nor organic matter accumulation equalled
estimated requirements, and vegetation appeared to suffer
from both insufficient elevation and insufficient soil bulk
density.

RELATIONSHIP BETWEEN MARSH SOIL,
INCREASING MARINE CONDITIONS, AND
LANDSCAPE CHANGES

Although brackish marsh appears very likely to survive
rapid submergence because of its combination of low min-
eral matter and organic matter accumulation requirements,
it appears poorly suited to survive a different aspect of rising
sea-level: increased marine influences. As noted, marine
influences may increase in tidal fresh and brackish marshes
if the rate of global sea-level rise increases (Titus, 1986). In
brackish marshes, mineral matter accumulation averages
only 1,052 gr m and soil density averages only 0.16 grcm 3
(Nyman et al., 1990). Before Spartina alterniflora can
establish in brackish marsh experiencing increased marine
influences, it appears that the mineral matter accumulation
rate must almost double from 1,052 gr m2 yr'l, to 1,798 gr
m2 yr'l, and the soil bulk density must almost double as
well. Although there have been no direct studies to date, this
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