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ABSTRACT 

Boyd, R., Dalrymple, R. and Zaitlin, B.A., 1992. Classification of clastic coastal depositional environments. In: J.F. 
Donoghue, R.A. Davis, C.H. Fletcher and J.R. Suter (Editors), Quaternary Coastal Evolution. Sediment. Geol., 80: 
139-150. 

This paper proposes a new classification for clastic coastal environments which includes the full range of major 
depositional settings including deltas, strand plains, tidal flats, estuaries and lagoons. This classification includes both 
morphologic and evolutionary components and is based on dominant coastal processes. It has the potential to predict 
responses in geomorphology, facies and stratigraphy. The significance of this classification is its evolutionary capability, and 
its inclusion of all major ctastic coastal depositional environments, making it more comprehensive than previous classifica- 
tions. 

We employ a ternary process classification with two axes. The first (horizontal axis) is defined as the relative power of 
wave versus tidal processes. The second (vertical) axis represents relative fluvial power (increasing upward). A ternary 
diagram defined by these axes can be used to illustrate the genetic process-response relationships between major coastal 
environments. The evolutionary classification combines the concept of two sediment sources (river and marine) with a 
relative sea-level parameter to classify embayed as well as linear and elongate/lobate shorelines. This approach identifies 
the evolutionary relationships between coastal sedimentary environments. 

The new ternary approach to process classification can be applied to estuaries and lagoons to define wave and tide 
end-member facies models, each consisting of a tripartite facies zonation. The evolutionary classification is compatible with 
sequence stratigraphy because sediment supply and relative sea level are included, and serves as a starting point for more 
refined coastal stratigraphic analyses. 

Introduction 

Classification of coasts has been a standard 
approach for geomorphologists (Pethick, 1984) 
and most modern efforts date from Johnson 
(1919). These classifications concentrate on 
grouping morphological features and often em- 
ploy a sea-level criterion to distinguish emergent 
from submergent coasts (e.g., Johnson, 1919; 
Valentin, 1952). Other classifications employ a 
genetic approach based on dominant processes, 
using non-marine versus marine processes (e.g., 

Correspondence to: R. Boyd, Department of Geology, Uni- 
versity of Newcastle, Newcastle, NSW 2308, Australia (pre- 
sent address). 

Shepard, 1973) or a range of marine processes 
such as Davies' (1980) use of wave type and tidal 
range. The approach of Curray (1964) employed 
the variables of sediment supply and relative sea 
level to distinguish regressive from transgressive 
coasts. Successful classifications based on struc- 
tural controls such as those of Bloom (1978) and 
Inman and Nordstrom (1971) were usually em- 
ployed only on a broad plate tectonic level. 

From the mid part of the twentieth century, a 
more geological approach to coastal classification 
evolved. Sedimentologists began to organise in- 
formation on the distribution and prediction of 
reservoir facies or organic source rocks in single 
depositional environments. Much early emphasis 
was placed on deltas (e.g., Fisher et al., 1969), 

0037-0738/92/$05.00 © 1992 - Elsevier Science Publishers B.V. All rights reserved 
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culminating in Galloway's (1975) ternary classifi- 
cation based on wave, tide and river processes 
and the approach of Wright (1977) based on 
statistical analysis of many process variables. 
Models have now been established in many envi- 
ronments including alluvial (e.g., Miall, 1977), 
tidal inlets and barriers (e.g., Hayes, 1975), or 
continental shelves (e.g., Johnson and Baldwin, 
1986). The most recent development in coastal 
models involves sequence stratigraphy (e.g., Posa- 
mentier and Vail, 1988) which places the coastal 
facies in a classification defined by transgressive 
and regressive stacking geometries and based pri- 
marily on relative sea-level variations. 

The objective for this paper is to provide a 
classification for depositional coastal environ- 
ments which includes the full range of major 
elastic depositional settings including deltas, 
strand plains, tidal flats, estuaries and lagoons. 
This classification includes both morphologic and 
evolutionary components and is based on domi- 
nant coastal processes. It has the potential to 
predict responses in geomorphology, facies and 

RATE OF RSL CHANGE 

ESTUARY/SHELF 1 DELTA, ~rRANIDPLAIN 
TIDAL FLAT 

Fig. 1. A plot of relative sea-level rise and fall rates against 
erosion and deposition rates allows discrimination of trans- 
gressive from regressive coasts, and depositional coasts (upper 
half of figure) from erosional coasts (lower half of figure). 
Within the depositional field, this plot separates (transgres- 
sive) es tuary/shelf  environments from (regressive) deltas, 
strandplains and tidal flats. Each field represents equilibrium, 
long-term positions for the environments. Greater distance 
from the regression/transgression diagonal indicates in- 
creased rates of transgression/regression. When continued 
over a long period, high rates of transgression result in land- 
ward migration from the zone of coastal plain estuaries to 

that of piedmont estuaries. (Based on Curray, 1964.) 

stratigraphy. The significance of this classification 
is its evolutionary capability, and its inclusion of 
all major coastal depositional environments, mak- 
ing it more comprehensive than previous classifi- 
cations. 

Coastal classification 

General principles 

The most effective method of classifying coastal 
stratigraphy is to use a subdivision into regressive 
and transgressive categories such as Reinson's 
approach (Reinson, 1984) or that of Frazier 
(1974). Curray's (1964) classification of transgres- 
sions and regressions has the potential to cate- 
gorise most coastal environments. Curray used 
parameters of relative sea-level rise and fall plot- 
ted against erosion and deposition to identify 
several types of transgression and regression. The 
same approach can be used (Fig. 1) to broadly 
distinguish between two groups of depositional 
sedimentary environments--transgressive and re- 
gressive. When the rate of sediment supply ex- 
ceeds the rate of relative sea-level rise, or sedi- 
ment accumulates during a relative sea-level fall 
(area of darkest stipple on Fig. 1), regression 
results in the generation of elongate/lobate (de- 
lta) or linear (strandplain and tidal fiat) shore- 
lines (Fig. 2). The interaction between river sedi- 
ment input and the ability of marine processes to 
redistribute that input determines if the coast will 
be elongate/lobate or linear (Fisher et al., 1969; 
Galloway, 1975). Deposition during relative sea- 
level fall (upper right quadrant, Fig. 1) has re- 
cently been investigated by Plint (1988) and 
termed "forced regression" by Posamentier et al. 
(1992). When the rate of relative sea-level rise 
exceeds the rate of sediment supply (area of light 
stipple on Fig. 1), transgression results in the 
generation of estuaries and lagoons on embayed 
coasts and the landward migration of the conti- 
nental shelf on all linear (tidal flat and strand- 
plain) coasts (Fig. 2). Coastal plain estuaries and 
lagoons are formed in a seaward location (Fig. 1) 
but if the transgression extends further inland it 
may encounter areas of higher relief and/or  
bedrock and produce piedmont estuaries and la- 
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goons (e.g., Ricketts, 1991). Depending on the 
balance between relative sea level and erosion 
(lower half Fig. 1), coasts may experience either 
landward or seaward migrating marine uncon- 
formities produced by the shoreface (often termed 
ravinement surfaces), tidal channels or the 
troughs between shoreface ridges (Fig. 1). Condi- 
tions of net erosion will not be further considered 
here. 

Process-based coastal classification 

A simple yet effective ternary classification 
based on dominant processes has been employed 
by Galloway (1975) for deltas, and Johnson and 
Baldwin (1986) for continental shelves. Here we 
employ the same approach for all coastal environ- 
ments by extending a ternary classification to 

deltas, estuaries, lagoons, strand plains and tidal 
flats (Fig. 3; see Zaitlin and Schultz, 1990, and 
Dalrymple et al., 1992, for earlier versions). We 
use two axes for this classification. The first 
(horizontal axis) is defined as the relative power 
of wave versus tidal processes. The second (verti- 
cal) axis represents relative fluvial power (increas- 
ing upward). A ternary diagram defined by these 
axes can be used to illustrate the genetic process 
relationships between major coastal environ- 
ments, as shown in Fig. 3. 

The terms estuary, barrier and strandplain (see 
Fig. 2) have a variety of connotations and for 
clarity we define our use of them here. We define 
an estuary in geological terms as the seaward 
portion of a drowned valley which receives sedi- 
ment from both fluvial and marine sources, and 
which contains facies influenced by tide, wave 

INCREASING TIDAL P O W E R -  
. . . . .  - - I N C R E A S I N G  WAVE POWER 

~SAND ~'~ MUD ~'-~ MARSH 
Fig. 2. The distribution of major coastal depositional features is shown here for both prograding (lower panel) and transgressive 
(upper panel) coasts. The figure is organised to show tidal power increasing to the left and wave power increasing to the right. 
Embayed coasts (estuaries and lagoons) are the transgressive counterpart of prograding elongate/lobate coasts (deltas) and are 
found in the centre of the figure. Deltas have a fluvial sediment source, estuaries have a mixed (both fluvial + marine) sediment 
source, and lagoons have only a marine sediment source. Further details of depositional sub-environments in estuaries may be 
found in Dalrymple et al., 1992. Progradation of linear or irregular coasts with marine (longshore and /or  onshore) sediment 

supply, results in the generation of strandplains and tidal flats, which are replaced during transgression by the continental shell  
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RIVER 

WAVE ~ RELATIVE POWER ~, TIDE 
WAVE/TIDE 

Fig. 3. Ternary process-based coastal classification modified 
after Dalrymple et al. (1992). The uppermost triangle is the 
delta field, the middle trapezoid is the estuary field, and the 
lower area contains a spectrum of prograding, straight coast- 
lines, ranging from tidal flats to strand (beach-ridge) plains. 
Lagoons occupy a linear field lying between estuaries and 
prograding, straight coasts. The coastal environments are dis- 
criminated on the basis of relative wave versus tide power 
from left to right, and increasing fluvial power upward from 
the lagoon field. The fields are also discriminated on the basis 

of degree of coastal embayment, and sediment source. 

and fluvial processes; the estuary is considered to 

extend from the landward limit of tidal facies at 

its head to the seaward limit of coastal facies at 

its mouth (Dalrymple et al., 1992). We define a 

barrier as an elongate, shore-parallel sand body 

which may consist of a number  of sandy units 

including beach, dunes, tidal deltas, washovers, 

and spits. Barriers separate lagoon and estuary 

embayments  from the marine environment and 
are best classified as components  of estuary and 
lagoon systems. They may be connected to the 
mainland at either end and breached by tidal 

inlets, forming barrier  islands. Barriers are most 

often generated during transgression and are 
commonly underlain by more landward facies, 
such as those deposited in estuaries, lagoons and 
marshes. Strandplains are also shore-parallel sand 
bodies containing beaches and dunes but are 
found along prograded linear coasts and are not 
associated with embayments.  Strandplains com- 
monly preserve multiple shoreline positions and 
are underlain by more seaward facies such as the 
shoreface. 

In Fig. 3, the upper triangle is equivalent to 
the delta classification triangle of previous au- 

thors (e.g., Galloway, 1975; Wright. tq85), 

whereas the zone at the base is conceptually 

similar to the bivariate (wave/ t ide)  classification 

of coasts developed by Hayes (1975, 1979). Deltas 

have an e longate / lobate  shoreline with a fluvial 

sediment source and are followed during progra- 

dation by alluvial plains. Strandplains and tidal 
flats have a linear or irregular shoreline with a 

marine sediment source derived from either on- 

shore or longshore transport. Other, less com- 

mon, coastal environments such as marshes and 

mangrove swamps may also occur as components 

of other environments in Fig. 3 but are not plot- 

ted for simplicity. The trapezoidal area in the 

centre represents embayed coasts and provides a 

framework for the process classification of estuar- 

ies and lagoons. Estuaries receive a mixed river 

and marine sediment source. Lagoons represent 

an end member  of the estuary spectrum where 

fluvial input is negligible. Lagoons therefore lie 

above and along the dividing line between estuar- 
ies and strandplains/ t idal  flats (Fig. 3), but are 

not commonly found in strongly t ide-dominated 

settings where they are replaced by macrotidal 

embayments  without barriers, and with a marine 

sediment source. The relative intensity of river, 

wave and tidal processes is listed for 42 examples 

in Table 1 and plotted on Fig. 4. Following Hayes 

(1975) and Dalrymple et al. (1992) we have subdi- 

vided estuaries into wave- and tide-dominated 

types, with the degree of river influence varying 

RIVER 

/7 "k - . . . . . . .  o++o 
/ ESTU~R,SS 28 \ . m ~  l~;R 

~ . - - - ~  ~ ~ ,~ . . . . . . .  

/ 217 P t ~  I FLATS 40 4 2 ~  

WAVE TIDE 

Fig. 4. Forty-two coastal examples, described in Table 1, 
illustrate the method of classifying coastal environments on a 

ternary diagram using wave, tide and river processes. 
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TABLE 1 

Summary of depositional systems shown in Fig. 4 (relative intensity of tide, wave and river processes estimated from published 
literature or personal observations; Mod = moderate; Ext = extreme) 

Number Location Tide Wave River Reference 

Deltas 

1 

2 

3 

4 

5 

6 

7 

8 

Mississippi Delta, USA Low Low High 
Chang Jiang Delta, China Mod Low High 
Ebro Delta, Spain Low Mod High 
Sao Francisco Delta, Brazil Low High Mod 
Mahakam Delta, Indonesia Mod Low High 
Klang-Langat Delta, Malaysia High Low Mod-High 
Fly River Delta, New Guinea High Low High 
Colorado Delta, Mexico High Low Mod-High * 

Wave-dominated estuaries 

9 San Antonio Bay, USA LOw Mod Mod 
10 Hawksbury Estuary, Australia LOw High Low-Mod 
11 Lavaca Bay, USA Low Mod Low-Mod 
12 Miramichi River, Canada Low-Mod Mod Low 
13 Lake Macquarie, Australia Low Mod-High Low 
14 Mgeni Estuary, South Africa Low High Low 
15 Eastern Shore estuaries, 

Nova Scotia, Canada Low High Low 

Mixed-energy estuaries 

16 St. Lawrence River, Canada Mod Low-Mod High 
17 Gironde River, France Mod-High Mod-High Mod 

18 Raritan River, USA Low-Mod Low-Mod Mod 
19 Humber River, UK Mod-High Mod Mod 
20 James River, USA Mod Low-Mod Mod 
21 Ogeechee River, USA Mod Mod Mod 
22 Chesapeake Bay, USA Low-Mod Low-Mod Low-Mod 
23 Delaware Bay, USA Low-Mod Low-Mod Low-Mod 
24 Willapa Bay, USA Mod High Low-Mod 
25 Oosterschelde Estuary 

The Netherlands Mod LOw LOw 
26 Corio Bay, Australia Mod-High High LOw 

Tide-dominated estuaries 

27 Cook Inlet, Alaska High Low-Mod Mod-High 

Mod-High 28 Ord River, Australia High Low 

29 South Alligator, Daily and 
Adelaide Rivers, Australia High Low Mod 

30 Severn River, UK High-Ext Mod Low-Mod 
31 Broad Sound, Australia High-Ext Low-Mod LOw 
32 Cumberland Basin, Canada Ext Low-Mod LOw 
33 Cobequid Bay-Salmon River 

and Avon River, Canada Ext LOw Low 

Lagoons 

34 Smith Lake, Australia Low High None 
35 Laguna Madre, USA Low Low-Mod None 

Wright, 1985 
Chen et al., 1982 
Maldonado, 1975 
Coleman and Wright, 1975 
Allen et al., 1979 
Coleman et al., 1970 
Harris et al., 1992 
Meckel, 1975 

Donaldson et al., 1970 
Roy et al., 1980; Roy, 1984 
Wilkinson and Byrne, 1977 
Reinson, 1977; unpubl, observations 
Roy et al., 1980; Roy, 1984 
Cooper, 1988 

Boyd et al., 1987; Honig and Boyd, 
1992 

d'Anglejan and Brisebois, 1978 
Jouanneau and Latouche, 1981; Allen, 

1991 
Ashley and Renwick, 1983 
unpubl, observations 
Nichols et al., 1991 
Dorjes and Howard, 1975; Greer, 1975 
Biggs, 1967; Coleman et al., !988 
Knebel et al., 1989 
Clifton, 1983; Clifton et al., 1989 

Yang and Nio, 1989 
unpubl, observations 

Bouma et al., 1980; Bartsch-Winkler and 
Ovenshine, 1984 

Wright et al., 1973; 1975; Coleman and 
Wright, 1978 

Woodroffe et al., 1989 
Hamilton, 1979; Harris and Collins, 1985 
Cook and Mayo, 1977 
Amos et al., 1991 

Lambiase, 1980; Dalrymple and 
Zaitlin, 1989; Dalrymple et al., 1990 

Unpubl. observations 
Fisk, 1959 
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Number Ia)catiol~ "Fide Wave River Reference 

l¥ograding strand plains 
36 Senegal "Delta" Low tiigh gow-Mod 

37 Shoalhaven River, Australia Low High Low 

38 Yaquina Bay, USA Low-Mod High Low 

39 Nayarit, Mexico Low High Low 

Prograding tidal fiats 
40 Mont St. Michel Bay, France High Mod Low 

41 Head of the German Bight High Low-Mod Low-Mod 

42 East coast, Taiwan High Low Low 

Coleman and Wright, 1975; Wright, 1985 

Roy et aI.. 1980; Wright, 1985 

Kuhn and Byrne, 1967 
Curray et ai.. 1969 

Larsonneur, 1988 

Reineck and Singh, 1980 

Reineck and Cheng, 1978 

* Before human interference. 

from weak to strong in each estuarine category. 
The distribution of these major coastal types with 
respect to transgression/progradation, sediment 
supply, coastal geometry and wave/tide processes 
is shown in Fig. 2. 

Eeolutionary coastal classification 

Stratigraphic implications and problems result- 
ing from the evolution of coastal systems, such as 
estuary infilling, mean that a process-based classi- 
fication needs to be augmented by an evolution- 
ary classification. Figure 5, modified after Dal- 
rymple et al. (1992) shows one attempt to com- 
bine process and temporal aspects conceptually 
by extending the triangle of Fig. 3 with a third 
dimension, relative time, to form a triangular 
prism. In the context of coastal evolution, includ- 
ing estuary creation and infilling, relative time 
may be best expressed in terms of transgression 
and progradation. Thus, changes which occur 
during progradation (including estuary filling) are 
shown by movement toward the back of the prism, 
whereas changes associated with transgression 
(including progressive flooding of estuaries) are 
represented by movement toward the front face 
(Fig. 5). This approach has the advantage of 
linking depositional environments with shoreline 
behaviour through time, but also experiences two 
problems. Firstly, the rate at which different sys- 
tems progress in either direction is not constant 
in real time because the rate of filling (or flood- 
ing) is dependent on the ratio of sediment supply 
to the size of the palaeovalley, other variables 

being constant. As a result, individual systems 
will be spread out within the volume of the prism 
at any instant in real time (e.g., today). Secondly, 
the relative intensity of river, wave and tidal 
processes is not an accurate guide to transgres- 

W A V E  TIDE 

Fig. 5. One possible evolutionary classification of coastal 
environments. The long axis of the three-dimensional prism 

represents relative time with reference to changes in relative 
sea level and sediment supply: transgressions are shown by 
movement toward the front of the prism, whereas prograda- 
tions are represented by movement toward the back face. 
Following Galloway (1975), the three corners of the triangular 
prism correspond to depositional conditions dominated by 
fluvial, wave and tidal processes; mixed-energy conditions are 
indicated by points within the prism (see Fig. 3). Deltas 
occupy the uppermost area; the intermediate, wedge-shaped 
space contains all estuaries and lagoons; the bottom wedge 
represents non-deltaic, prograding coasts. During a sea-level 
cycle, a coastal area will track forward and backward through 
the prism by an amount determined by the interplay between 
the rate of relative sea-level change, the sedimentation rate 
and basin size. It will maintain a constant position relative to 
the corners if the controlling process variables remain un- 

changed. 
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Fig. 6. This figure shows coastal evolution for equilibrium 
positions of estuaries and lagoons, deltas/alluvial plains, and 
strandplains/t idal  flats. The upper half of the figure shows 
RSL rise and fall and transgression/regression on river coasts 

with embayed, elongate or lobate shorelines. The lower half 

shows the same relationships for linear coasts away from the 
influence of river mouths. The diagonal lines represent divi- 

sion between conditions of regression and transgression, em- 
phasising the generation of estuaries and lagoons only under 

transgressive conditions. 

sion or progradation, because shoreline migration 
is largely a function of sediment supply and rela- 
tive sea level. 

The earlier classification of Dalrymple et al. 
(1992) can be extended to an evolutionary classifi- 
cation that combines the concept of rate of sedi- 
ment supply on two types of coast (linear and 
embayed-elongate/lobate coasts)with relative sea 
level in a modified version of Curray's (1964) 
diagram (Fig. 6). Unlike Curray's original dia- 
gram which classified types of regression and 
transgression, this new version can be used to 
identify the evolutionary relationships between 
coastal sedimentary environments. Although val- 
ues plotted on Fig. 6 may not define coastal 
environments at every point in time due to dise- 
quilibrium, long-term equilibrium positions of es- 
tuaries, deltas and alluvial plains, strandplains 
and tidal flats, and the continental shelf are accu- 
rately represented. Figure 6 shows that the pres- 

ence or absence of  rivers is a critical factor in 

classifying coasts. During progradation, when river 
deposition dominates over marine redistribution, 
deltas form elongate/lobate shorelines. During 
transgression, embayed river palaeovalleys be- 

come the sites of estuaries, which are seen to 
form only under conditions of relative sea-level 
rise. Away from river mouths, where more linear 
coasts are found, transgression or progradation 
causes strand/plain tidal fiat environments to 
alternate with the continental shelf. 

Estuary evolution 

Variation in morphology and evolution of del- 
tas, barriers and tidal flats has been covered 
extensively elsewhere (for example in Davis, 
1985). However, estuaries and lagoons have re- 
ceived comparatively little study (as discussed by 
Clifton, 1982; Frey and Howard, 1986) and we 
present a more detailed treatment of their evolu- 
tion here (Fig. 7A). 

Figure 7A is drawn to show the net tendency 
of an estuary to be generated or infill from trans- 
gression/regression at both ends of the embay- 
ment (barrier or mainland shorelines), and thus 
approximates the sequence stratigraphy concept 
of accommodation. The rate of infilling or regres- 
sion is partially a function of embayment volume, 
a larger embayment taking longer to infill for the 
same sediment volume supplied. This is depicted 
on Fig. 7A by transgression/regression bound- 
aries of variable slope between the estuary gener- 
ation and infill fields. Steeper boundaries occur 
for embayments of larger volume. This may be 
expressed as: 

E = K ( R s / R R s L )  

where E is an estuary evolution index, R s is the 
rate of sediment supply, RRS L is the rate of 
relative sea-level change and K is an empirical 
constant determined by the geometry of the estu- 
ary. For values of E > 1, estuaries infill and for 
E < 1, estuaries expand. 

One of the parameters determining estuary 
volume is the coastal plain gradient, which may 
be broadly placed in a plate tectonic framework. 
A rise in sea level on a flat coastal plain passive 
margin such as the Gulf of Mexico generates a 
long estuary with a large volume, while an equiva- 
lent rise on a steep, active-margin coast such as 
the US Pacific coast will only generate a small 
estuary volume. Thus, the lines of variable slope 
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Fig. 7. A. Here rate of relative sea-level rise is plotted against 
rate of marine plus river sediment supply to classify, equilib- 

rium positions of estuary generation or infill. This figure is 
similar to the upper left-hand corner of both Figs. I and 5. 
The diagonal lines separate zones of transgression (7)  from 

regression (R) for two situations: small volume estuaries 

(R~/T,) and large volume estuaries (RI./TI.). Wave- 
dominated estuaries receive marine and river sediment and 
have two shorelines capable of regression/transgression, the 
bay-head delta shoreline and the flood tidal delta shoreline. 
Tide-dominated estuaries also receive sediment from two 
sources but only prograde the landward shoreline. Lagoons 
have only a marine sediment source. B. An example of ti~e use 
of A, for the wave-dominated microtidal Wapengo Inlet on 
the south coast of New South Wales (data from Nichol. 1991 ). 
Regression/transgression of both bay-head delta (BItD) and 
flood tidal delta (FTD) shorelines is shown. The sum of these 
two shoreline migration rates, normalised with respect to 
shoreline length determines if the estuary as a whole (solid 
line for whole estuary) expands or infills. Net transgression 
and hence estuary expansion was occurring around 7 ka (1 
solid line), followed by rapid infilling around 6.2 ka (2) mainly 
due to flood tidal delta progradation, and then a period of 
slower infill from 1.5 ka to present (3) dominated by bay-head 

delta progradation. 

on Fig. 7A could also be labelled as coastal plain 

gradients ranging from flat to steep. 
Following Dalrymple et al. (1992), we recog- 

nise a fundamental division between wave- 

dominated estuaries, tide-dominated cstuarles, 

and lagoons. Waz~e-dominated estuaries are more 

geomorphologically complex, and are separated 

by a barrier (sand plug) from the marine environ- 

ment. They have two sources of sediment (marine 

and river) and can be infilled from, and cxperi- 

ence transgression/regression at, both ends of 

the embayment. Landward sediment is supplied 

by rivers to bay-head deltas while marine sedi- 

ment is transported into the estuary by eolian, 

tidal and wave processes, forming flood tidal 

deltas and washovers. Lagoons experience the 

same evolutionary trends as wave-dominated es- 

tuaries except for the absence of landward-de- 

rived infill from a river sediment source. 

Tide-dominated estuaries (like wave-dominated 

estuaries) have both a marine and a river sedi- 

ment source, but infilling only occurs by progra- 

dation of the landward margin of the embayment. 

In true tide-dominated estuaries such as the Bay 

of Fundy (Dalrymple et al., 1990, 1992) or the 

Severn Estuary (Harris and Collins, 1985) no 

bay-head delta forms, and progradation occurs 

through tidal sand bars, estuarine tidal flats and 

marsh in the marine environment passing directly 

landward into an alluvial plain. Marine sediment 

often experiences a bedload parting seaward of 

tide-dominated estuaries. Marine sediment mov- 

ing into the estuary is transported as bedload 

moving landward as tidal sand bars along the 

estuary floor. Further marine sediment is sup- 

plied by longshore drift moving landward along 

the margins of the estuary. These two sediment 

sources combine to prograde only the landward 

margin of the estuary. 

The use of the estuary evolution diagram (Fig. 

7A) under complex conditions of relative sea-level 

rise followed by stillstand under variable sedi- 

ment supply regimes in both flood tidal deltas 

and bay-head deltas is illustrated in Fig. 7B. 
Wapengo Inlet (Nichol, 1991) experienced rapid 

rates of relative sea-level rise prior to the estab- 

lishment of the current stillstand around 6.5 ka 
(Thorn and Chappell, 1975). This microtidal, 

wave-dominated setting received a relatively con- 
stant fluvial sediment supply both prior to and 

since stillstand, and a rapid flood tidal delta 
sediment supply until 6 ka. 
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Wapengo Inlet, being wave-dominated, experi- 
ences infill and growth from both bay-head and 
flood tidal delta sources. Three paths are plotted 
on Fig. 7B, each path defining a shoreline history. 
The data points on each path are rate of sedi- 
ment supply plotted against relative sea-level rise. 
Their distance from the regression/transgression 
line on Fig. 7B is proportional to their rate of 
shoreline migration. The first (dashed) line repre- 
sents landward progradation of the flood tidal 
delta shoreline from time 1 (7 ka) to 2 (6.2 ka) to 
3 (1.5 ka to present). The second (dot and dashed) 
line represents transgression and subsequent 
progradation of the bay-head delta shoreline. The 
third (solid) line represents the evolution of the 
whole estuary and is derived by summing the 
migration rates of the flood tidal delta and bay- 
head delta shorelines, normalised with respect to 
shoreline length. The whole estuary evolution 
path shown on Fig. 7B identifies whether the 
estuary will be expanding or infilling. As shown 
here, the estuary was expanding around 7 ka and 
has since undergone infilling. 

This case study illustrates the disequilibrium 
or hysteresis conditions under which most estuar- 
ies exist and the finite lag time required for 
transition between equilibrium conditions. For 
the past 1500 years, Wapengo Inlet has existed in 
the zone of estuary infill at position 3, line 3 on 
Fig. 7B. However, because of the size of Wapengo 
Inlet compared to the rate of filling, the estuary 
continues to exist and will remain an estuary for 
several thousand years more before being com- 
pletely filled and evolving into a prograding strand 
plain or delta. 

Discussion 

The relationship between the lag time for tran- 
sition between equilibrium states and the length 
of time spent at the equilibrium positions will 
determine if an estuary accommodation volume is 
filled in one relative sea-level-driven cycle of sed- 
imentation, or if the original estuary volume will 
contain multiple fills. The relative distances of 
the bay-head delta and flood tidal delta paths 
from the regression/transgression line will deter- 

mine the relative volumes of these two facies in 
the final estuarine fill (e.g., Fig. 7B). 

The approach taken in Figs. 1, 3 and 6 can be 
applied to most coastal settings but is best suited 
to embayed coastlines with both marine and river 
sediment input. It should be regarded as describ- 
ing only the coastline and not extending to the 
continental shelf or to terrestrial environments. 
In particular, this approach does not describe 
situations in which river incision and non-marine 
unconformities are generated. Nor does it specifi- 
cally apply to non-depositional coasts (e.g., fjords) 
or non-clastic (e.g., carbonate) shorelines. 

There are two main advantages of this new 
coastal classification. The first is the inclusion of 
all important clastic coastal depositional environ- 
ments and identification of the relationship be- 
tween them, The model does this by using both 
process and evolutionary criteria. The second ad- 
vantage is the opportunity to now generate facies 
models for estuarine and lagoon environments. 
These environments, particularly estuaries, have 
long been regarded as complex and difficult sub- 
jects for facies models because of the variety of 
processes and resulting facies deposited in a small 
area. However, the new ternary approach to pro- 
cess classification can be employed to define wave 
and tide end-member facies models, each consist- 
ing of a tripartite facies zonation (Dalrymple et 
al., 1992). The evolutionary approach is compati- 
ble with sequence stratigraphy because sediment 
supply and relative sea-level variables are in- 
cluded, and serves as a starting point for more 
refined coastal stratigraphic analyses. 

Conclusions 

(1) A new coastal classification has been con- 
structed, based on both process and evolutionary 
criteria. 

(2) The process model uses river, tide and 
wave parameters; the evolutionary model uses 
rate and source of sediment input, shoreline shape 
and rate of relative sea-level change to classify 
the response of delta, strand plain, tidal fiat, 
lagoon and estuarine environments. 

(3) The new classification provides the basis 
for an estuarine facies model. It also provides a 
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framework for understanding incised valley fill 
styles and constructing sequence stratigraphic 
models in coastal settings. 
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