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there are many modern dellas wherethe 
depositional influence of the river is 
strongly masked by waves, ocean 
currents, tidal currents or winds, and the 
depositsof such deltas may be very hard 
to recognize in the ancient record. 

A Short History of Della Studlea 
Modern work in the Enalish-soeakina 

Recently, some very useful 
compilations of papers on ancient and 
modern deltas have appeared (Shirley. 
1966; Morgan. l970a; Broussard. 1975). . 
and several series of short-course 
lecture notes have been published, all of 
which contain much of value both to the 
specialist and non-specialist (Fisher et 
a/.. 1969: Curtis etal.. 1975). . ~ .  

world commenced with the ciassic - Wright el a/. (1 974) studied some 400 

Fades Models 4. 
studies of Gilbert on the deltas in Lake parametersof i4 modern alluvial-deltaic 
Bonneville. Gilbert was the first to systems using multivariate statistical 
attempt a hydrodynamic explanation of techniques in order to determine what 
delta formation. and his ideas dominated controls their aeometrv. orientation and - 
th~nklng on the subject for many years A compostflon The un~fy~ng concepts 
classic papef by Barrel1 (1 91 2) on the whlch emerged from thls study 

A. D. Miall 
Institute of Sedimentary and Petroleum 
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lntroductlon 
Deltaic depositional models differ from 
those described in earlier papers in the 
facies models series in that their 
recognition has not depended on a 
distillation of observations on ancient 
rocks but has arisen largely from a study 
of depositional processes on modern 
delta systems. A second important 
difference is that there are at least three 
distinct delta models, or "norms", to 
choose from in interpreting ancient 
rocks; many deltas are combinations of 
all three. 

Detinitlon 
The concept of the delta isone of the 
oldest in geology, dating back, in fact, to 
about 400 B.C. At that time Herodotus 
made the observation that the alluvial 
plain at the mouth of the Nile was similar 
in shape to the Greek letter A, and the 
term was born. 

One of the earliest modern definitions 
of a delta was provided by Barrel1 (1 91 2) 
who stated that is "a deposit, partly 
subaerial, built by a river intooragainsta 
permanent body of water". There is little 
reason even now to revise this definition. 
Common usage amongst present-day 
geologists studying ancient rocks is that 
the term deltaic deposit is restricted to 
those bodies of clastic sediment formed 
in subaerial and shallow water environ- 
ments(marine or lacustrine) in whichthe 
influence of a river or rivers as the main 
sediment source can be recognized. 
and in which a gradation into an 
offshore, generally finer-grained facies. 
can be traced. As discussed below, 

ancientcatskilldelta also had afar- 
ranging influence. 

Since the nineteen twenties interest in 
deltas has been stimulated by the fact 
that the sedimentsof many ancient 
deltas contain extremely large deposits 
of coal, oil and gas. Nowhere is this more 
true than in the hydrocarbon-rich Gull 
Coast of Texas and Louisiana, and 
research into deltaic sedimentation 
during the last forty years has been 
overwhelmingly dominated by studiesof 
Gulf Coast deltas and their Quaternary 
and Tertiary antecedents. Most attention 
became focused on the Mississippi. 
which rapidly replaced the Lake 
Bonneville deilas of Gilbert as the stan- 
dard model delta in geology textbooks. 

Sedimentological research into the 
Mississippi commenced with the 
monumental work of Fisk, who 
established the depositional framework 
of the modern delta with the aid of many 
thousands of shallow boreholes. 
Subsequently the American Petroleum 
Institute funded a major research effort 
named. succintly. Project 51, the 
objective of which was the study of 
modern sediments along the northwest 
margin of the Gulf of Mexico. The 
publication which summarizesthis work 
(Shepard etal., 1960) contains landmark 
papers on depositional processes in the 
Mississippi, by Shepard and by Scruton. 
Further publications on the deposlional 
history, depositional environments and 
cyclic sedimentation in the Mississippi, 
were provided by Kolb and Van Lopik(in 
Shirley. 1966) and by Coleman and 
Gagliano (1964. 1965). 

The other delta that was studied 
extensively at this time was that of the 
Niger (Allen, in Morgan. l970a; 
Oomkens. 1974). 

(summariesof which are provided by 
Coleman in Curtisetal,. 1975, and by 
Coleman and Wright in Broussard. 1975) 
are of fundamental importance to the 
geologist dealing with ancient rocks. 
They indicated that deltas can be 
divided into at least six types. However, 
for the purpose of the present paper it is 
sufficient to use the three main 
categories defined by Scott and Fisher 
(in Fisher et al.. 1969) and by Galloway 
(in Broussard. 1975) as shown in Figure 
1. These are the three "norms" referred 
to in the introduction. 

Most of the publications referred to 
above are dominated by Gulf Coast 
geologists. Several important papers by 
"outsiders" are included in the 
compilations, for example, descriptions 
of the Rhine delta in Lake Constance by 
Muller (In Shirley. 1966). of the Niger. by 
Allen (in Morgan, 1970a) and of the 
Rhbne by Oomkens (op. cit.) but. 
nevertheless, the pre-eminence of 
Houston- and New Orleans-based oil 
companies and such organizations as 
the Coastal Studies Institute of 
Louisiana State University in delta 
research, is astonishing. Conversely. 
conlributions by Canadians andabout 
Canadian deltas, ancient and modern. 
are few and far between. None of the 
major advances in understanding of 
deltaic sedimentation were made in this 
country. Some of the earliest workon 
modern deltas was carried out by 
Johnson (1 921.1922) on the Fraser 
delta, although these publications 
appear to have had little influence on 
subsequent research in deltaic 
sedimentation. 



Della formation and claulflcrtlon 
The distribution, orientation and internal 
geometry of deitaic deposits is 
controlled by a variety of factors. 
including climate, water discharge. 
sediment load, river-mouth processes. 
waves, tides, currents, winds, shelf slope 
and the tectonics and geometry of the 
receiving basin (Wright et al. 1974). In a 
brief paper such as this it is impossible to 
describe fully the inter-relationships 
between all these variables, but several 
generalizations are possible, and these 
enable a meaningful classification of 
dena types to be made, as shown in 
Figure 1: 

Variations in sediment input Climate. 
water discharge (rate and variability) 
and sediment load (quantity and grain- 
size) are to some extent inter-related. In 
humid, tropical regions precipitation 
rwrmally is high relative to 
evapotranspiration; runoff tends to be 
high and steady. The predominance of 
chemical over mechanical weathering 
leads to high dissolved-load sediment 
yields. These factors give rise to 
relatively stable, meandering channel 
patterns. 

In Arctic or arid conditions 
precipitation is erratic, vegetation is 
sparse, and braided channel patterns 
with large bedloads tend to occur 
(Coleman in Curtis. 1975, and Coleman 
and Wright in Broussard. 1975 provide a 
more complete discussion of this topic). 

Variations in river-mouth tlowbehaviour. 
When a sediment-laden river enters a 
body of standing water one of three 
types offlow dispersal may occur, 
depending on the density differences 
between the river water and that of the 
lake or sea into which it flows. Variations 
in temperature, salinity and sediment 
load can cause such differences 
in density. 
A) lnflow more dense: llow forms a 
planar jet along the bottom. The result 
commonly is a turbidity current. 
The deposits which form from such 
bottom currents are classified as 
submarine fans. 
B) lnflow equally dense:this occurs 
where rivers enter freshwater lakes. 
Sediment is dispersed radially and 
competency is lost rapidly. The resuil is 
a narrow, arcuate zone of active 
deposition and the delta which forms 
contains distinct topsets, steeply- 

dipping foresets, and bottomsets. This is A) River-dominatedde1tas:if waves, tidal 
the classical Gilbertian delta. currents and lonoshore currents are 
C) Infbw less dense:most marine deltas 
are formed under these conditions 
because freshwater is less dense than 
seawater, unless it is unusually cold or 
sediment-laden. The type of sediment 
dispersal which takes place dependson 
the strength of waves, tides and 
longshore currents, asdiscussed below. 

Variations in transportation patterns on 
the delta. The type of energy conditions 
that exist in the sea at the river mouthare 
of fundamental importance in controlling 
depositional environments and the 
geometry of the resulting sediments. In 
fact the most useful classification of 
delta types is one based on the relative 
strengths of fluvial and marine 
processes (Fig. 1 ),as shown by Scott 
and Fisher (in Fisher e l  al.. 1969). 
Coleman (in Curtis. 1975), Galloway (in 
Broussard. 1975) and Coleman and 
Wright (op. cil). 

- 
weak, rapid seaward progradation takes 
place, and a variety of characteristic, 
fluvially dominated depositional 
environments develops. At the mouth ol 
each distributary subaqueous levees 
may form as the jet of river water enters 
the sea (Fig. 2). The main sediment load 
is deposited in a distributary mouth bar, 
which becomes finer grained seaward. 
As progradation proceeds the river 
slope is flattened and flow becomes less 
competent. At this stage a breach in the 
subaerlal levee may occur upstream 
during a period of high discharge. Such a 
breach is termed a crevasse. The 
shorter route it offers to the sea via an 
interdistributary bay generally is the 
cause ol a major flow diversion, and a 
subdelta (crevasse-splay) deposit may 
develop rapidly. Eventually the crevasse 
may become a major distributary and 
the process is repeated. 

"ver energy 

DOMINATED 

DOMINATED DOMINATED 

/ 
wove energy 

Flgum 1 
A classificafion of delta lypes, based on 
variations in lransporfallon patterns on 
lhe delta (afer Galloway. Fig. 3, in Broussard, 
1975). 

rtde energy 
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Fig- 2 
Subenv~onmenb at a distribulary mouth in a 
river-dominated delta. South Pass, 
Mississrppi delta (from Coleman and 
Gagliano. 1965. Fg. 9). 

aelto front shee'~q2' , 

% ~ - m a - d e l t a  2,- aepo'il~s (silt. cloy) 

Flpun 3 
Block diagram ola lobale, river-dominated 
delta, showing the principal environments 
and sedimentary lacies. 

These are, in very brief outline, the 
principal mechanisms that occur in 
river-dominated deltas. The sediments. 
sedimentary structures and organic 
remains they contain will be de- 
scribed later. 

There are two main subtypes in this 
delta category. It was stated earlier that 
the river discharge could be either 
steady, generally with a high suspension 
load, or fluctuating, with a typically 
higher proportion of bedload in the 
sediments. The first type tends to form 
birdsfoot deltas with few distributaries, 
shoestring sands and discrete mouth 
bar deposits (Figs. 2.4). The second 
type normaliy is lobate in outline; there 
are a greater number of distributaries, 
each of which tends to be more 
ephemeral, and the sediments are 
coarser grained and the mouth bar 
deposits merge laterally into sheet 
sands (Fig. 3). 
6) Wave-dominated deltas: in 
environments of strong wave activily 
mouth bar deposits are continually 
reworked into a series of superimposed 
coastal barriers. These may completely 
dominate the final sedimentary 
succession, and the internal geometryof 
the deposits will be quite distinctive. 
Sand bodies will tend to parallel the 
coastline, in contrast to those of river- 
dominated deltas, which are more nearly 
perpendicular to the coast (Fig. 5). 
C) Tide-dominated dettas: where the 
tidal range is high the reversingflowthat 
occurs in the distributary channels 
during flood and ebb may become the 
principal source of sediment dispersal 
energy. Within and seaward of the 
distributary mouths the sediment may be 
reworked into a series of parallel, linear 
or digitate ridges parallel to the direction 
of tidal currents (Fig. 6). 

In cases where powerful longshore 
currents exist the sediments will be 
reworked intoa seriesof barrier deposits 
and offshore sand ridges parallel to the 
coastline.Theareaof principal sediment 
accumulation will be displaced 
downcurrent from the main distributary 
mouth(s) and, in extreme cases, the 
sediment may be completely dispersed 
along the shoreline with the develop- 
ment of no recognizable delta. Such 
deposits will be described in a 
subsequent paper on shoreline sand 
models. 



Flgure 4 
A birdstoot-type river-domhated delta; the 
modern Miss~ssrppidelta (from Fisher et al.. 
1969. Fig. 39). 

B] C b m l  ord m n d e r  belts Wove -dominoted 

Oelto plam tflmd bar*" and 
10 Mll" 

Flgure 5 
A wave-dominated delta; the modern Rhdne 
delta (from Fisher et al.. 1969. Fig 37). 

~ e 1 t . 1 ~  cycles 
Scruton (in Shepard et al.. 1960) was 
oneofthefirstto pointoutthat thegrowth 
of a delta iscyclic. He divided the cycle 
into two phases: 
A) Consfructionalphase: active 
seaward progradation causes prodelta 
muds to be overlain by delta-front silts 
and sands, these in turn by distributary- 
mouth deposits, mainly sands. and 
finally top-set delta marsh sediments. 
possibly including peat beds (Fig. 7). 
B) Deslructionalphase: a delta lobe 
eventually is abandoned if crevassing 
generatesa shorter routetotheseaThe 
topmost beds are then attacked by wave 
and current activity and may be 
completely reworked. Compaction may 
allow a local marine transgression 
to occur. 

This description of the delta cycle is. 
of course, idealized. Firstly, if is most 
appropriate only for Mississippi-type 
deltas. Secondly, different parts01 the 
same delta may be in different stages of 
development. The terminology is 
unfortunate; a major suite of superim- 
posed barrier deposits caused by wave- 
reworking is as much a "constructive" 
deposit as isa distributary mouth sheet 
sand. Nevertheless, river- and wave- 
dominated deltas commonly are 
referred to as "high-constructive" and 
"high-destructive" deltas, respectively, 
in the literature (for example, Fisher et 
a / ,  1969). 

The complete delta cycle (sometimes 
termed a megacycle) may generate a 
stratigraphic succession between 50 
and 150 m, or more. in thickness, but it 
may contain or pass laterally into 
numerous smaller cycles representing 
the progradation of individual 
dislributaries or crevasse splays. As 
shown by Coleman and Gagliano (1  964) 
and Ellion (1 974) these can range from 
approximately two to 14 m in thickness. 
As in the case of the larger scale cycles 
they tend to coarsen upward (more 
complete descriptions later). 

The manner in which cyclic deltaic 
sequences are sbperimposed upon 
each other depends on the relative rates 
of sedimentation and subsidence 
(including compactin). I f  the two rates 
are in approximate balance a delta will 
tend to build vertically; if subsidence is 
faster the delta will prograde seaward, 
and as each part of the depositional 
basin becomes filled successive 
progradational events will move 
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!aterally. The mechanisms are 
described by Curtis (in Morgan. 1970a. 
p. 293-297). Figure 8 shows how 
relatively slow subsidence rates have 
resulted in a suite of seven separate but 
partially overlapping lobes at the mouth 
of the Mississippi during the last 5000 
years. The most recent lobe is itself in 
thb process of forming several 
subdeltas, as shown in Figure 9. 

Cyclic processes in other types of 
deltas are rather different. For example, 
in wave-dominated delta the sediments 
consist mainly of superimposed barrier 
sand deposits. However, far less 
subsurface information is available for 
modern wave-andlide-dominateddeltas 
than forthe Mississippi, and their internal 
geometry is, therefore, less well known. 

Each cycle commences with a clay. 
generally laminated and sparsely 
fossiliferous. Prodelta clays tend to be 
organic-rich because of the abundant 
plankion growth which takes place in 
response to the influx of nutrient-rich 
river waters. They therefore make good 
petroleum source beds. Theclaysgrade 
up into interbedded clay and silt or very 
fine sand, in which smali-scale ripple 
marks and bioturbation are common. 
Distributary mouth sand bars or sheet 
sands may form thecoarsest member of 
the cycle. The influence of strong 

Recognirlng ancient deltas in the 
wrlaw and wburhce 
As shown in previous sections. 
numerous variables affect the nature of 
a deltaic deposit, and so it is impossible 
to describe a single delta model in a few 
brief sentences. In general terms: 1) 
deltaic deposits tend to bethick(several 
hundreds or even thousands of metres): 
2) they contain considerable volumes of 
sand andlor silt: 3) coal bedscommonly 
are present; 4) the faunal content of 
interbedded units may indicate marine. 
brackish and fresh water depositional 
environments; 5) sedimentary struc- 
tures indicate shallow water deposition 
by traction- rather than turbidity- Flgure 6 
currents; 6) a gradation into finer- A tide-dominated delta; the modern Gulf of 
grained clastic deposits of offshore Papua (Irom Fisher et al., 1969. Fig. 47). 
origin should be traceable(criteria3 and 
4 are, or course, of no use in the 
Precambrian). 

Some more specific criteria for the 
recognition of the principal delta types 
are described in the following 
paragraphs. 

River-dominated deltas. The rapid 
seaward progradation of these deltas 
gives rise to the most characteristic 
feature of deltaic sediments, the 
coarsening-upward cycle. The com- 
plete cycle of a delta lobe (typically 50to 
100 m thick) and the distributary and 
crevasse cycles which are its 
component parts are summarized in 
Figure 10, and Figure 11 is an illustration 
of lateral changes that have been 
recognized in the coarsening-upward 
cyclesof aTertiary deltaic deposit in Figure 7 
Banks Island. Arctic Canada. The "constructional"phase 01 thedelta cycle 

(from Scruton, Fig. 9, in Shepardel al.. 1960). 

unimodal currents near the distributary 
mouths generally is apparent in the form 
of abundant planar and trough 
crossbeds and ripple-marks. Organic 
remains, other than fragmented and 
transported debris (including plant 
material) are rare. The top of the cycle 
may be formed of delta marsh 
sediments, including paleosolsand coal. 
or by distributary channel sands. These 
may be of finger- or shoestring-shape, 
as described in the classic work of Fisk. 
In some instances still more regressive 
facies are preserved, in the form of 

Tide -dominoted 
bun d m w  tllp 



E U L f  M E X I C O  
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SCALE - 

Flgum 8 
The seven partially overlapping lobes 01 the 
Mississippi della w h ~ h  have developed 

durrng the last 5000 years (born Kolb and 
Van Lopik. Fig. 2, in Shrrley. 1966). 

alluvial channel and flood plain 
sequences (described in the previous 
paper in this series). 

Other facies occurring in river- 
dominated deltas include inter- 
distributary bay depositsand marginal. 
reworked deposits derived from 
abandoned delta lobes. The lormer 
generally are finegrained and in some 
instances contain shell beds; the latter 
commonly contain abundant shell 
debris, are glauconitic and bioturbated, 
and may be mineralogically and 
texturally more mature than other delta 
deposits as a result of wave and current 
winnowing (Shepard in Shepard et ab, 
1960). 

It is important to distinguish deltaic 
coarsening-upwardcyclesfrom those of 
offshore bar, barrier-bar or shoreface 
origin. The greatest differences are 
apparent in the coarse, upper members 
of the cycles. Deltaic cycles tend to be 
characterized by high-angle crossbeds 
with unimodal paleocurrent distribu- 

tions. Barrier and shoreface sands 
generally contain lowangle 
crossbedding representing wave 
accretion surfaces, and paleocurrent 
distributions are bimodal or random. 
Deilaic sedimentation tendsto be more 
rapid and less bioturbation or sediment 
sorting takes place. Rapid deltaic 
loading of sand on to unconsolidated 
prodelta muds commonly resuits in 
convolute bedding or the development 
of mud lumps or diapirs. Lastly, deltaic 
cycles of all types commonly are 
capped by coal beds whereas these are 
unusual in barrier island and shoreface 
sequences. 

River-dominated deltas can be 
mapped most readily, particularly in the 
subsurface, by measuring the total Sand 
content, or the sandlshale ratio in a 
given stratigraphic unit. Areas ol high 
sand content may outline lobate areas 
perpendicular to the basin margin. 
corresponding to the principal paths of 
deltaic progradation. Figure 12 is an 

illustration of a study ol this type from a 
paper in preparation by the writer. Many 
other illustrationsaregiven by Fisher 
et a1 (1 969). 

Wave-dominated deltas. As noted 
earlier, wave-dominated deltas are 
characterized by stacked beach-ridge 
sequences (Fig. 10). Some ofthe crleria 
by which todistinguish these from 
progradation cycles were given in the 
previous section. Beach-ridge 
sequences can develop in nondeltaic 
settingsas aresult of longshore drilt, and 
additional criteria are necessary in order 
to identifya specific sequence as deltaic 
in origin. Bars forming on nondeltaic 
coastlines commonly are backed by 
lagoons. the sediments of which may 
cap the bar sequence, whereas in 
deltaic settings the bars develop in front 
of swamps and fluvial channel 
complexes, thedepositsol which should 
be quite distinctive. Coal may be an 
important constituent. Figure 13 is a 
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schematic illustration of the sediments 
and facies relationships occurring 
in Me modern Niger delta, which 
contains worninent beach-ridae 
deposits ind  is cut by tidal channels 
(Allen in Morgan. l970a). 

The geometry of wave-dominated 
delta deposits is quite diierent horn 
those where wave influence is low. 
Beach-ridge sands form linear sand 
maxima sub-parallel to the basin margin, 
ideally forming a convex-seaward, arc-. 
cusp-, or chevron-shaped body. 
Associated fluvial sands will trend sub- 
perpendicular to Me basin margin. The 
"classic" delta -that of the Nile - is a 
good example of a wave-dominated 
type: the Rh6ne delta (Fig. 5) is another 
(Oomkens in Morgan. 1970a). 

Tide-dornmaled dellas Dellas of this 
type may be difficult to recognize in 
ancient rocks. The coarser sediments 
are dispersed by tidal currents into 
offshore sand ridges parallel to the 
coastline, such as have been described 
by Ofl(1963), and the subaerial part of 
the dena consists largely of tidal flats 
comprising mainly fine-grained 
deposits. Distribufaries may contain 
well-sorted sands, and large quanthies 
of clay and sill will tend to be flushed into 
the delta marsh environment by 
overbank flooding during high tides. 
A typical modern tide-dominated 
dena is that of the Klang River in 
Malaysia (Coleman elal., in Morgan. 
1970a; Coleman and Wright, in 
Broussard. 1975). 

None of the characteristics of tidal 
delta deposits are distinctively "deltaic". 
Tiie-generated sand ridges and tidal 
flats are widespread a1 the present day 
in areas without significant fluvial 
sediment input. The thickness ofthe 
deposit, reflecting the nearby presence 
of a major river mouth, may be the only 
clue in the ancient recordlo the 
presence of a tide-dominated deita. Few 
published descriptions of such adeposl 
are known to the writer. A generalized 
and partly hypothetical stratigraphic 
section through a tidal delta is shown in 
Figure 10. 

Concluding m a r k s  Acknowl.dg.nnntr 
The delta of the Mississippi is pre- D. C. Pugh. F. G. Young and 
eminent in the minds of most geologists R. G. Walker read an earlier version of 
as the all-purpose typical delta. There this paper. Their critical comments are 
are obvious historical reasons for this. gratefully acknowledged. 
such as the abundance of oil and gas in 
deltaic deposits in Me Gulf Coast, which 
has stimulated great research efforts 
into Mississippi sedimentation. The 
result has been Mat many river- 
dominated deltas now are recognhed in 
ancient rocks, whereas the literature on 
other delta types issparse. It may bethat 
many beach-ridge and tidal flat 
sequences are actually deltaic in origin, 
and more research into wave- and tide- 
dominated deltas clearly is needed. 
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F Gardm l.l*nd b y  On+. 

n0-s 
The sub-deltas of the modern Mississippi 
delta, showing year of iniliatbn, where know 
(tom Coleman and Gagliano, 1964, Fig. 5). 
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Lateral variability h dislritwtary-mouth sheet 
sands, Eureka SwndFormafion (Tertiary). 
Banks Island, Arctk Canada (from Miall. 
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Figure 13 
Depositional environments in the modern 
Niger delta (from Allen, Figure 4, in Morgan 
1970a). 
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