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ABSTRACT 

The suspension and transportation of fluid muds in the near- 
shore zone by shallow-water, solitary-like waves has been investi- 
gated along the coast of Surinam, South America. Accumulations of 
fluid mud which front the coast at a spacing of 30-60 km affect 
incoming swell by changing the wave profile from sinusoidal to 
solitary-like and by preventing wave breaking except for occasion- 
al spilling. Simultaneous time-series measurements of wave height 
and period, fluid-mud density, and tide elevation, along with re- 
sults of suspended-sediment measurements, indicate that in cases 

when the bulk density is less than 1.20 g/cm and where water 
depths are less than 5 m fluid mud is suspended from the bottom in 
two frequency modes: wave-by-wave suspension (-10 sec) and tide- 
related suspension (-12.4 hr) . Surface-water suspensate concen- 

trations exceed 3.4 x 10 mg/1 as up to 0.5 m of fluid mud is 
periodically removed from the bottom. 

High concentrations of suspended fluid mud, together with 
solitary-like waves from the northeast throughout the year, can 
lead to extraordinarily high sediment transport volumes. Calcula- 
tions based on solitary wave theory and on data obtained from this 

ft    ^ 
study indicate that 15-65 x 10 m of mud can move along shore each 
year without involving breaking waves, the concept of radiation 
stress and a nearshore circulation cell, or bed-load transport. 
These values are 10 to 100 times greater than typical transport 
rates along sandy coasts. 

1932 
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INTRODUCTION 

As a generalization, research on fluid muds prior to the 
1970s was restricted almost entirely to the laboratory, and even 
today field data are scarce. In this study we report results of 
field measurements conducted along the open, unprotected coast of 
northeastern South America, where incoming waves are affected by 
mud shoals composed partly of thixotropic, gel-like fluid muds. 
Our primary objectives were to examine the interaction between 
incoming waves and fluid mud and to assess the role of waves in the 
suspension and transportation of fluid mud. 

The lack of field data can be explained partly by the diffi- 
culties encountered in obtaining direct measurements of near-bot- 
tom processes such as suspension and deposition. Several innova- 
tive techniques for studying fine-grained sediment dynamics, 
including acoustic systems (Kirby and Parker, 1974; Orr and Hess, 
1978) , a sea-floor flume (Young and Southard, 1978) , and nuclear 
densimeters (Parker et al., 1975), have been utilized in recent 
years with varying degrees of success. As part of the present 
study an instrument was developed that could be used as a combina- 
tion wave gage and sediment-density sensing device. By assuming 
that variations in mud density must be related to suspension, 
deposition, and near-bottom transport processes, we have been able 
to examine the details of fluid-mud dynamics in both intertidal 
and subaqueous hydrologic settings. Based on actual field mea- 
surements and reasonable assumptions, an explanation for transport 
by waves of suspended fluid mud is presented. 

FIELD AREA AND METHODS 

During field seasons in 1975 and 1977 data were collected at 
ten sites off the coast of Surinam, South America, on a section 
located midway along the 1,600 km of muddy coast that extends from 
the Amazon River in Brazil to the Orinoco River in Venezuela (Fig. 
1) . Climatic conditions and coastal processes in the study sec- 
tion are generally representative of those in northeastern South 
America. The warm tropical climate is controlled by the northeast 
trade wind system and periods of high and low wind speeds, each 
several months in duration, alternate throughout the year. During 
the months of data acquisition, August through October, conditions 
are typically dry and winds are low to moderate (-10-15 km/hr). 

Formed during the Holocene by Amazon-derived muds, the coast- 
line of the Guianas is both interesting and somewhat unique. 
Linear mud shoals, tens of kilometers long, front the coast at a 
30-60-km interval and form a buffer to wave attack, thus controll- 
ing the distribution of nearshore wave energy. A spectacular 
alongshore cycle of erosion and accretion results; in interbank 
areas, plunging breakers may impinge directly upon stands of 
mangroves at high tide, whereas in shoal, fluid-mud regions waves 
are virtually absent at the shoreline and coastal progradation 
proceeds rapidly. As a result of alongshore mudbank migration, 
this erosion/accretion system moves to the northwest at an average 
rate of 1.5 km/yr, suggesting that any given segment of coast has 
undergone many cycles of erosion and accretion during the last 
5,000 yr (Augustinus, 1978). 

Simultaneous measurements of wave height and period, fluid 
mud density variations, suspended-sediment concentration, and tide 
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elevation were made at field sites located over Warappabank and 
Vissersbank, regions where fluid mud up to 1.5 m thick blankets 
the bottom (stations 1-7, Fig. 1). Wave data were also taken far- 
ther offshore where substantial quantities (<0.1 m) of fluid mud 
are lacking (stations 8-10, Fig. 1). A moderate tide range (~3.2 m 
at spring tide), combined with a gentle offshore slope, leads to 
the exposure of a wide expanse of fluid mud at low tide (Fig. 2). 
Several of our field sites were located in these intertidal re- 
gions where water depths never exceeded 2 m (stations 1-3, Fig. 
1). At other field sites water depths ranged from 1 to 10 m 
depending on the location and the stage of the tide. 

Fluid mud is defined as a fine-grained sediment-water mixture 

in which the sediment concentration is greater than 1.0 x 10 mg/1 
(Krone, 1962). Where fluid mud is present the bottom is taken to 
be the upper surface of the fluid-mud layer, even though survey 
instruments may penetrate through this layer to more consolidated 
sediments (Odd and Owen, 1972). Properties of coastal fluid muds 
in the study area are given in Table 1. 

Two Statham Model PA-506 Amplibridge pressure transducers, 
fastened securely to an adjustable sleeve on pipe that was driven 
into the bottom, formed the sensing unit of the wave/fluid mud 
pressure (density) sensing device (Fig. 3) . Pressure under a 
wave, less atmospheric pressure, is given by 

P9 (nK z) (1) 

' 

LOW  TIDE   LINE MUDDY COASTAL WATER 

FLUID    MUD 

Figure 2.  Prograding mudflat photographed at low tide, eastern 
Surinam coast. 
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Figure 3. Schematic of field setup for wave/fluid mud pressure- 
sensing device, showing typical arrangement of pressure trans- 
ducers relative to fluid-mud layer. 

where, in the linearized case, 

„ _ H „  /2irx   2itt\ n = 2 cos VT f-7 (2) 

and  the pressure  response  factor,  K   ,   is  given by 

cosh   [2ir(z+h)/L] 
cosh   (2irh/L) (3) 

In equations (1) - (3), p= density of seawater, g = acceleration 
resulting from gravity, z = distance below still-water level, h = 
water depth, L = wave length, H = wave height, t = time, T = wave 
period, and x = horizontal distance. For shallow-water waves such 
as the tide, h/L << 0.05, K -»• 1, and equation (1) reduces to 

pg(n z) = pg z1 (4) 

where z' can be considered a depth below the time-varying surface. 
If pressure is measured simultaneously at two depths below the 
surface, z ' and z B then 

pg (z B v> (5) 
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Table 1 
Properties of Coastal Fluid Muds, Surinam, South America 

Bulk density 1.03-1.25 g/cm3 (1030-1250 kg/m3) 

Water content 64-96% 

Voids ratio 4-62 

Median particle size 0.5-1.0 micron (disaggregated) 

Viscosity 0.02-210 poises 

and, provided that z ' - z ' is constant with time, any variation 

in P_ - P. is directly proportional to a density variation. 

z For higher frequency gravity waves, say T = 1-15 sec, K 

becomes significant and density can be obtained from equation (5) 
only if K is known at depths z ' and z '. From linear theory, K 

between pressure sensors ranges from 0.01 to 0.07 for wave fre- 
quencies encountered in this study. However, observational data 
indicate that values of K  are not in perfect agreement with 

linear theory (Hom-ma et al., 1967; Tubman and Suhayda, 1977), and 
a correction factor m is usually applied to equation (1).  In this 
study m ranges from 1.0 to 1.05.  The determination of density 
variation from pressure variation is further complicated by the 
fact that attenuation rate is altered when one transducer is 
placed in a denser medium than the other, as depicted in Figure 3. 
Although these problems have been largely overcome by running 
field tests to determine differential attenuation in clear water 
and in fluid muds over a range of frequencies, an empirically 
determined differential density scale has been assigned in cases 
where K < 1. 

z 

Applying the above concepts in the field, p_ - p, is nulled 

out of each transducer electronically by a potentiometer located 
on the instrument panel (Fig. 4). Once this step is completed, any 
deviation from the zero null position is directly proportional to 
a density change. By using 10 or 20 sec time constant filters, 
high frequency noise is removed from the signal and, if desired, 

3 
resolution of the signal can be increased up to 0.004 g/cm . 

In order to obtain useful time-series data, waves were re- 
corded in real time from transducer A simultaneously with the fil- 
tered pressure differential between transducers A and B. All data 
were recorded as analog signals on strip chart recorder. The 
final step, conversion of differential pressure into absolute 
density units, required that sediment samples be taken between 
instrument sensors for initial calibration. 

SHALLOW-WATER WAVES 

Examination of approximately one hundred and fifty 20-min 
wave records, taken over all stages of the tide, indicates that 
waves undergo a severe shoaling transformation when propagating 
over a fluid-mud bottom.  In addition to the rapid height attenua- 
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Figure 4. 
shown). 

Wave/fluid mud pressure-sensing device (recorder not 

tion, described qualitatively in previous reports as a major 
factor in natural sea defenses (Delft Hydraulics Laboratory, 1962; 
NEDECO, 1968; Augustinus, 1978), waves are deformed from sinu- 
soidal into solitary-like profiles, similar to that which can be 
observed in gentle swell just prior to breaking. Long, fiat 
troughs separate sharp, isolated crests and, on days when local 
winds and associated sea chop are low, waves with periods of 15 Sec 
can be recorded. 

Information obtained from spectral analysis shows spectral 
peaks in the frequency range 0.07-0.25 Hz (T = 15 - 4 sec) and H 

of 0.2-1.2 m for waves in water 1-5 m deep. Typical analog wave 
records and pressure spectra are given in Figure 5 for the con- 
solidated interbank area (station 8), the soft mudbank area (sta- 
tion 5), and for solitary waves given by theory. Note the simi- 
larity in profile for waves recorded over a fluid-mud bottom and 
waves given by solitary wave theory. Wave spectra for solitary- 
like waves show a wide distribution of variance density with peaks 
often occurring at harmonic frequencies. Multiple peaks for true 
solitary waves occur exactly at harmonic frequencies. In inter- 
bank areas or farther offshore the spectra display a single well- 
defined peak in variance density. 

In general the boundaries of a mudbank can be delineated sim- 
ply by the appearance of surface waves (Moni, 1971; Nair, 1976). 
Height attenuation in the areas between mudbanks is substantially 
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site 
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e 5. Typical wave records and pressure spectra from inter- 
area (consolidated bottom, site 8), mudbank area (fluid mud, 
5) , and from solitary wave theory. 
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less and, for a given water depth, wave height may vary by as much 
as 100% from mudbank to interbank areas. The above generaliza- 
tions become more complicated in the direction of propagation as 
waves encounter variations in thickness and density of fluid mud. 
Analysis currently underway suggests that wave height, period, and 
form are extremely sensitive to spatial and temporal variations in 
bottom consistency. 

Three features of the solitary-like waves are important with 
respect to sediment transport. First, they maintain a nearly con- 
stant wave height to water depth ratio, H  /h = 0.23, a value that 

is considerably less than the 0.78 given as the limit of solitary 
wave theory. In a true solitary wave the volume of water trans- 
ported is a function of H/h and higher ratios lead to greater 
transport rates. Second, although spilling breakers have been 
noted near the shoreline, solitary-like waves over a fluid mud 
bottom seldom break; rather, they decrease in height until they 
disappear at the shoreline, indicating that breaking waves and the 
conventional momentum flux approach to sediment transport problems 
may not be applicable. Third, waves become noticeably more like 
true solitary waves in appearance as sediment concentration in 
water increases. The most solitary-like waves have been observed 
from mid-tide to mid-tide during the lower half of the tidal 
cycle. 

SEDIMENT SUSPENSION 

In the broadest sense, shallow-water waves propagating over a 
soft muddy bottom maintain a large volume of sediment in suspen- 
sion. Wells and Coleman (1977) have shown that suspensate concen- 
trations in regions of fluid-mud bottom are orders of magnitude 
higher than in interbank areas and may attain surface-water values 
of several thousand milligrams per liter. Some spatial (depth) 
and temporal (stage of tide) variability also has been observed. 
Data from that study, combined with data obtained since publica- 
tion of those results, are given in Table 2. Generally, inshore 
waters are more turbid than offshore and near-bottom are more tur- 
bid than surface waters. 

Much of our information concerning suspension processes has 
been obtained by monitoring density variations in the upper 0.5m 
of fluid mud. In general, variations in mud density can result 
from suspension or deposition, gain or loss of pore waters, and 
from advection of sediment past instrument sensors.  By obtaining 

3 
measurements over a range of fluid-mud densities (1.03-1.24 g/cm ) 
with sensors at several depths relative to the surface of the 
fluid-mud layer, we have been able to examine details of near- 
bottom processes in a variety of situations, from which generali- 
zations have been made concerning sediment suspension. 

Suspension of sediment by solitary-like waves takes place in 
two predominant frequency modes: tide-related suspension (-12.4 
hr) and wave-by-wave suspension (~10 sec).  In mud with a bulk 

3 
density less than 1.20 g/cm and with water depths less than 5 m, 
an exchange process between the fluid mud and overlying water 
operates at the tidal frequency. Data from several field sites 
(stations 2, 3, and 5) indicate that on a falling tide, near mid- 
tide level, 10-50 cm of fluid mud is dispersed into water.  This 



SUSPENSION OF MUD 1941 

Table 2 
Maximum and Minimum Surface Suspended-sediment Concentration, 

Coast of Surinam 
_ 

Concentration (10 mg/1) 

Field Range in 
Site Water Depth 

(m) 

1 0.0- 2.0 
2 0.0- 2.0 
3 0.0- 2.0 
4 0.5- 2.5 
5 1.0- 3.0 
6 1.5- 4.0 
7 0.5- 2.5 
8 4.0- 7.0 
9 4.5- 8.0 

10 9.0-11.5 

Maximum Minimum 

3.33 
2222.85* 

52.34 
17.75 
37.49 
11.19 
24.51 
0.81 
0.34 

No data 

0.21 
26.57 
1.09 
0.67 
0.34 
0.82 
2.75 
0.16 
0.14 

taken 

•Sampled from surface of fluid mud exposed at low tide. 

NOTE: A total of 183 samples was collected. A least squares 
best fit to all data indicates that concentration varies with 

height (m) above the bottom, y, as c = 5.31 e  *  ", where c is in 
2 

killigrams per cubic meter.  Coefficient of determination, r , is 
0.38 (P < 0.001) . 

dispersion is concurrent with the time that waves initially change 
to the pronounced solitary-like wave profile. Suspended-sediment 
concentrations increase rapidly and coastal waters become notice- 
ably more turbid. Maximum concentrations of suspended sediment 
occur at or near low water. On a rising tide concentrations de- 
crease and fluid mud is, presumably, redeposited during the period 
between mid-tide and high water. 

3 
In muds where bulk density exceeds 1.20 g/cm , such as inter- 

bank areas or the more consolidated eastern edges of mudbanks, 
less than 1 cm of the bottom is suspended by incoming waves (this 
value assumes that mass of sediment dispersed into the water re- 
flects the volume of known density removed from the bottom). 

Figure 6 shows results of a 3-hr experiment beginning at low 
tide on an intertidal flat composed of fluid mud with initial 

3 
density of 1.16 g/cm .  Five time-series sections,each approxi- 

mately 20 min, show that bulk density decreased from approximately 
3 

1.16 to 1.05 g/cm as water level rose and incoming waves sus- 
pended the fluid mud. Figure 7 shows diagrammatically the suspen- 
sion process. At the termination of this experiment nearly 50 cm 
of fluid mud had been suspended. The considerable variation in 
bulk density of fluid mud prior to the first impingement of waves 
(Fig. 6, sections A and B) was the result of interstitial pressure 
waves from offshore which, in low density muds, generally preceed 
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Figure 7.  Suspension of Fluid mud by solitary-like waves. 

the arrival of surface waves. 

The relatively stable wave height to water depth ratio, 
H  /h = 0.23, may be partly a result of adjustment of the bottom 

to the amplitude of incoming waves. On days when stronger winds 
from the northeast produced local waves that were larger than the 
solitary-like swell waves, suspended-sediment concentrations in- 
creased rapidly. Thus, at a given stage of the tide, higher waves 
suspended more sediment. An example of this process is given in 
Figure 8. Following a wind shift from southeast to northeast 
(1200 hr) , waves increased in height rapidly and suspended sedi- 
ment concentration increased by an order of magnitude as fluid mud 
was suspended at field site #6. The suspension of mud from the 
bottom was manifested as an overall decrease in bulk density 
between 1200 and 1400 hr. Field site #9, farther offshore over a 
relatively consolidated bottom, was unaffected. 

Wave-by-wave suspension, often superimposed on the longer 
term processes described above, is shown in four sections of time 
series data in Figure 9. As each wave crest passed instrument 
sensors differential density rose rapidly, then fell gradually; 
the process repeated when the following wave arrived. The initial 
explanation of these density variations (Wells, 1977) hypothesized 
that a cloud of sediment was instantly suspended, followed by 
rapid settling of this densely flocculated sediment. Based on 
previous laboratory and field results (Partheniades, 1971; Krone, 
1972) , it is difficult, to explain such rapid settling, which in 
this case would require that the center of mass settle at 10 
cm/sec. In light of the apparent nonlinear properties of waves, a 
more plausible explanation may be the advection of this sediment 
cloud past the sensors. Theoretical bottom particle velocities 
under solitary waves exceed 100 cm/sec for the range of wave 
heights observed in this study. The persistence of high-frequency 
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Figure 8.  Surface suspended-sediment concentration and fluid-mud 
density variations, 20 August 1977. 

suspension and transport by waves results in temporary or even 
permanent removal of fluid mud from the bottom. During 3.5 hr of 
observation (Fig. 9) average density in the upper 0.25 m of fluid 

mud decreased by 0.04 g/cm , an amount that could be achieved only 
by the removal of 10 cm of fluid mud from the bottom. The possible 
fate of this suspended fluid mud will be discussed in the next 
section. 

MUD TRANSPORT 

Recent estimates of sediment transport along the mud coast of 
northeastern South America indicate that approximately 20-40% of 
the total sediment load from the Amazon River makes its way north- 
westward along the coastlines of French Guiana, Surinam, and 
Guyana (Eisma and van der Marcel, 1971), resulting in one of the 
highest littoral transport rates in the world.  Approximately 150 

x 106m /yr of "through transport" takes place in the form of sus- 

pended sediment, and another 100 x 10 m /yr moves as a result of 
the propagation of coastal mudbanks to the northwest (summarized 
from Delft Hydraulics Laboratory, 1962; Gibbs, 1967; Allersma, 
1968; NEDECO, 1968; and Eisma and van der Marcel, 1971). Previous 
investigators have generally attributed these exceedingly high 
longshore transport rates to suspension of mud by wave orbital 
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scour, followed by transport to the northwest by the Guiana Cur- 
rent. 

The finding in this study that suspensate concentrations are 
highest in fluid-mud regions where solitary-like waves occur, com- 
bined with the fact that 93% of sea and swell arrive at the coast- 
line between N30°E and east (NEDECO, 1968) , suggests that a tre- 
mendous potential exists for sediment transport by waves acting 
alone. In theory a solitary wave is a wave of translation whereby 
water particles move only in the direction of wave travel. 
Laboratory studies on solitary waves have shown that if wave pro- 
file is similar to that given by theory, then particle trajector- 
ies are unidirectional and each wave clearly produces a mass 
transport (Daily and Stephen, 1953) . Numerous observations in 
this and other field studies (for instance, Inman et al., 1963) 
have provided qualitative verification that particle velocity is 
greater in the onshore than in the offshore direction for soli- 
tary-like waves. In the following paragraphs a simple model for 
explaining sediment transport, based on results of this study and 
above-mentioned rationale, is examined. 

Consider mass transport of suspended sediment, as applied to 
surf zone problems, to be given by 

TM = J7 c V sinot dA (6) 
A 

where dA = dxdy, c = suspended-sediment concentration, V = current 
velocity, and a = angle of wave approach. 

Cross-sectional area through which transport takes place 
(Fig. 10a, b) varies with water elevation, h, and is given by 

Ai = / *h dx (7) 
o 

where horizontal distance, x., is determined by h and offhsore 
I  1 

slope is given by B•  As a simplification, regional variations in 
water depth that result from fluid-mud suspension and deposition 
processes (as discussed in the last section) are ignored. 

The most justifiable estimate for suspended-sediment concen- 
tration is given by the least squares best fit to all suspended- 
sediment data 

c = 5.31 e"1'80 y (8) 

where c is concentration in kilograms per cubic meter and applies 
to any location offshore, y is height above the bottom in meters, 
and 0<y<h=5m. 

Assuming pure solitary waves, total volume of a wave per unit 
crest length above still water level can be obtained as 

CO 

Q = 2 / n dx (9) 
o 
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where 

.2 n  = H sech V3 H (x-Ct) (10) 

and H = wave height, C = wave speed, and t = time.  Substituting 
equation (10) into equation (9) and integrating, Munk (1949) gives 

Q = 4h2i/ ? r (ID \ 3  h 

which, averaged over one wave period from the surface to the bot- 
tom, gives 

hT 
2_ = 4h(l/3 H/h) (12) 

as volume transport rate. Investigation of analytical solutions 
indicates that there is little velocity shear in the vertical, 
thus a uniform surface to bottom transport rate is reasonable. 

Mass transport, averaged over a wave period, now becomes 

h(x,t) 
T  = sina J  V /      c dy dx . (13) 
M       X   o 

(14) 

Average mass transport over a tidal cycle 

<V=|/T    sina/v/1'*'"'   cdydxdt 
o X       o 

can now be approximated through numerical integration by taking a 
2-min time step, an average tide range of 2.5 m, and a water eleva- 
tion (depth in meters) to be given as 

h = 3.75 + 1.25 cos to (15) 

where to = 2ir t/T. 

Finally, if bulk density of the transported mass, including 
pore space of static grains, is known or assumed, then volume 
transport is found by dividing by sediment concentration at that 
density 

TM 

This allows mass transport values to be converted into units of 
volume transport that are useful in assessing coastal accretion or 
erosion. 

Volume transport in cubic meters per year is plotted as a 
function of wave period for angles of wave approach from 6° to 12°, 
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taking H/h = 0.23, pQ = 375 kg/m3 (p = 1.25 g/cm3), and 0 = 0.001 

(Fig. 11). Only transport during one-half of the tidal cycle, 
that half extending from mid-tide through low water to the follow- 
ing mid-tide, has been considered since this is the time that the 
most solitary-like waves are observed. 

The range in transport spans roughly from 15 to 65 x 10 
3 

m /yr.  Higher angles of wave approach lead to higher transport 
rates, as do shorter wave periods (more pulses of water per unit of 
time).  Values for H/h, p , and g have been determined from field 

data and any realistic variations in these parameters will produce 
small changes in transport values. 

Longshore transport rate is most sensitive to horizontal and 
vertical variations in suspended sediment. Unfortunately, pro- 
cesses controlling the distribution of suspended sediments are 
more complex and varied than presented here. Thirty-eight percent 
of the variability in suspended-sediment concentration (p < 0.001) 
can be explained by water depth, leaving 62% to be explained by 
such factors as local wind-generated waves and density and thicks 
ness of the fluid-mud layer. However, inasmuch as most studies of 
this nature (Galvin, 1973; Komar, 1976) take an average concentra- 
tion for the entire surf and breaker zone, equation (8) provides 
an equally good or better estimate. 

Values reported in Figure 11 at first appear considerably 
lower than littoral transport estimates for the coast of north- 
eastern South America, leading one to believe that, even if waves 
are indeed solitary, only one-quarter or less of the transport can 
be explained by this mechanism. However, close examination indi- 
cates that the total estimated sediment transport rate, cited by 

previous investigators as 250 x 10 m /yr, has been determined for 
a 30-km-wide band extending offshore. If one-sixth of this volume 
moves alongshore in a band that is only 5 km wide, the width of the 

c 
hypothetical mudbank in Figure 10a, then the rate becomes 42 x 10 
3 

m /yr and a remarkable similarity can be seen. 

Several simplifications that require qualitative evaluation 
have been introduced into these transport calculations. First, 
the shoreward component of net drift assumes a return flow to 
satisfy continuity considerations. If return flow is taken per- 
pendicular to the coastline in the area between mudbanks (Fig. 
10a), then longshore transport may be unaffected. This is a logi- 
cal pattern of onshore/offshore transport since solitary-like 
waves, which break only by spilling, produce a greater setup over 
mudbanks than do plunging breakers in areas between mudbanks. In 
support of this concept, Sonu (1972) has shown that, on the west 
coast of Florida, wave-induced currents move shoreward over shoals 
where waves break by spilling and a return flow occurs in troughs 
where waves break by plunging. 

Second, the transport model considers only that transport 
which occurs in regions of fluid mud, yet assumes that these rates 
reflect transport in interbank areas as well. This results in an 
overestimation, even though some transport may take place in 
interbank areas as a result of an oblique wave approach or by 
longshore currents produced by breaking waves through the concept 
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WAVE CRESTS 

Figure 10a. Plan view of idealized mudbank used in transport 
calculations. Dashed lines represent longshore component of wave 
drift. 

Figure 10b.  Cross section along line A-A' (Fig. 10a) . 
area coincides with high tide when h = 5 m and x = 5 km. 

Maximum 

of radiation stress, as normally applied to sandy coasts (Komar, 
1976, p. 190). Moreover, all waves over mudbanks are not solitary 
and probably do not have particle velocities of true solitary 
waves. Thus, the longshore volume transport rate given in Figure 
11 should be considered as an upper bound for that which can be 
explained by solitary-like waves. 

Third, large-scale circulation patterns along this coast are 
unknown and have been neglected.  Such circulation patterns may 
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provide avenues for moving sediment both onshore and offshore. 

Despite the simplifications and unknown processes, the basic 
conjecture remains that if waves in high suspended-sediment 
regions have hydromechanical properties of true solitary waves, 
then sediment transport by waves alone needs to be considered as 
an explanation for high volume transport rates. The fact that the 
littoral zone has been taken in this study.to extend 5 km offshore, 
rather than a few meters or a few hundreds of meters, is responsi- 
ble for longshore sediment transport rates that are orders of 
magnitude higher than those reported for sandy environments. 
These estimates, taken across the entire zone in which waves 
appear to be solitary, may be more realistic than estimates along 
sandy coasts where only that volume moved by waves in the swash 
zone is considered. 

Finally, we believe the idea presented in this paper, namely 
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that solitary waves can suspend and transport large volumes of 
fine-grained sediment without utilizing breaking waves, the 
concept of radiation stress and a nearshore circulation cell or 
sediment moving as bed load should be vigorously checked along the 
world's muddy coastlines. A logical next step would be to take 
field measurements for determination and verification of orbital 
speeds under solitary-like waves. 
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