cuAaPTER 3 Alluvial Sediments

J. D. COLLINSON

3.1 INTRODUCTION

Although rivers have long been recognized as major trans-
porters of sediment, the appreciation that they contribute
directly to the rock record is a comparatively recent develop-
ment. Up to the 1960s sediments were interpreted as fluvial, or
more likely fluvio-deltaic, only if channel forms were recog-
nized, as in coal measure ‘wash-outs’, whilst many other
sequences lacking channel forms, which we now interpret as
fluvial, were regarded as lake deposits.

Geomorphological work on channel types and processes in
the 1950s (e.g. Sundborg. 1956: Leopold and Wolman, 1957)
was not immediately applied to ancient deposits. However, in
pioneering studies of the ancient, Bersier (1959), Bernard and
Major (1963) and Allen (1964) recognized the occurrence of
fining-upwards sandstone units often of wide lateral extent and
equated these with the migration of river channels. This early
emphasis on the importance of lateral accretion, particularly by
migrating point bars, meant that other channel processes were
largely ignored. Fining-upwards sequences overlying sharp
bases were equated almost uncritically with point bar migration
and, with a few exceptions (e.g. Ore, 1963), little attempt was
made to recognize the deposits of other types of channel.

With an increasing appreciation of the hydrodynamic signifi-
cance of bedforms, particularly those formed in sand, and with
increasing study by geologists of low sinuosity streams, the
complexities of channel deposition have become more apparent.
Meandering streams are now seen to be capable of producing a
whole range of different sequences some of which grade into and
overlap with the deposits of low sinuosity streams. In addition,
anastomosing river systems characterized by non-migrating
channels, are now being studied after a history of almost total
negléct. Soil-forming processes which operate in interchannel or
floodplain areas have been seen to offer not only an insight into
the prevailing climate but also a means of correlation and of
understanding the longer term development of river systems
(e.g. Allen and Williams, 1982).

The wider and more balanced view of alluvial sediments
which is now taken has led to a greater understanding of fluvial
systems. This increasing appreciation of their complexity makes
the application of simple models less and less satisfactory and
leads to uncertainty and ambiguity in interpreting the ancient.
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Ancient sequences often provide greater insights than present-
day systems into the long-term changes and controls on alluvial
systems. Studies of the large-scale organization of successions
have thrown light on processes of channel behaviour and have
helped to build a basis for the prediction of sand body geometry.

In this chapter we deal first with the processes and products of
present-day alluvial systems which are divided for convenience
into four groups, namely bedload streams, alluvial fans,
meandering streams and anastomosing streams. Interchannel
processes and products which are similar in many systems are
treated separately. We then examine the array of facies present
in ancient alluvial sequences and explore the ways in which they
are organized. This gives a basis for interpreting the rock record
in terms of present-day systems and also points to ways in which
some ancient systems must have differed from present-day
examples. It also gives a basis for predicting the organization of
ancient sequences, an aspect of interest to many applied and
economic geologists.

32 PRESENT-DAY BEDLOAD STREAMS

Bedload streams are those in which the coarser grain sizes,
gravels and sands transported mainly as bedload, dominate the
deposits and in which fine-grained sediments transported in
suspension do not contribute greatly to sediment accumulation
even though such material may be abundant in the overall load.
Such rivers contrast with mainly meandering suspended load
streams (Sects 3.4, 3.5) where fine-grained sediment forms a
significant proportion of the total deposit, occurring as over-
bank sediment and as the plugs of abandoned channels. Bedload
streams commonly have channels characterized by low sinuosity
and by considerable lateral mobility. The mobile channels are
commonly subdivided internally into rapidly changing patterns
of sub-channels and ‘bars’ giving a braided pattern which is
most apparent at low stage. Some examples are more sinuous
and grade into meandering types. Rivers of this type therefore
form a continuum of grain size and sinuosity variation.
Within this major group it is possible to make a subdivision
into pebbly and sandy types each with rather different bedforms
and processes. In many natural systems pebbly streams occur in
upstream reaches and grade downstream into sandy types,
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by bedload streams and, more rarely, by streams with a high
suspended load. In addition, they also occur in semi-arid
settings where additional processes, in particular mass-flow, are
important.

Fans of all types develop where the stream or mass-flow
emerges from the confines of a valley or gorge into a basin. Lack
of confinement allows horizontal expansion of the flow, decele-
ration and deposition of some or all of the sediment load. The
emergence from a valley into a basin will commonly be
associated with a reduction in gradient and this further favours
deceleration and deposition.

Basins into which fans build are quite variable in character.
They may be alluvial plains or valleys (e.g. Knight, 1975), inland
drainage basins with or without tectonically active margins or
bodies of standing water such as the sea or a lake. In the last
case, the fans might be better termed ‘fan deltas’ (Sect. 12.4.3)
(e.g. Wescott and Ethridge, 1980).

Overall, fans show a decrease in slope from the apex, close to
the point of emergence, to the toe giving a concave upwards
profile. Such a simple profile is, however, commonly broken into
a series of segments. Each segment has a roughly even slope but
the slopes of segments decrease sharply at particular points on
the profile in a proximal to distal traverse (e.g. Bull, 1964). Such
segmentation has been attributed to pulses of tectonic activity at
the basin margin or to climatic changes. It may be associated
with episodes of fan incision where the main feeder channel cuts
into the upper part of the fan and emerges on to the fan surface
at an ‘intersection point’ (Fig. 3.14) (Hooke, 1967). Only below
the intersection point does the flow expand and deposition take
place.

The down-fan reduction in slope is commonly associated with
a reduction in grain size, particularly the maximum particle size.
There are also changes in the nature of the dominant bedforms
in channels and in the dominant processes, depending on the
type of fan. Two major types of fan have been distinguished,
stream-dominated and semi-arid, though the division is arbi-
trary and gradational types occur.

3.3.1 Stream-dominated fans

Fans whose surface processes are dominated by streams flowing
in channels have also been termed ‘humid fans’, This is not a
particularly apt term, however, as stream-dominated fans may
also result from a lack of fine sediment in the source area and, as
such, can occur in semi-arid settings, subject to sporadic floods.
Stream-dominated fans are one of the main sites of deposition of
low-sinuosity streams and have probably contributed a great
deal to the geological record. They occur over a great range of
scales from a few tens of metres up to hundreds of kilometres in
radius. All tend to show a rather gradual reduction in slope and
gradients are generally low compared with semi-arid fans. The
largest described fan is that of the Kosi River which emerges
from the Himalayan foothills to build a fan into the Ganges
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Fig. 3.14. Radial profile of an alluvial fan showing the position of the
intersection point. This point will move up and down the fan surface in
response to phases of incision and aggradation, probably related to
tectonic activity (after Hooke, 1967).

valley (Fig. 3.15) (Gole and Chitale, 1966). Historical records
from this fan show the progressive shifting of the main channel
across the surface of the fan over the past 230 years. We do not,
at present, have sufficient data to know if such behaviour is
typical of these fans. A more random switching of channel
position through time is also known to occur on other fans
through crevassing of banks because of constrictions in flow due
to bars (e.g. Knight, 1975).

Where coarse material is supplied by the source area, as
exemplified by proglacial outwash fans, there is commonly a
downstream change from an upper fan with sheet bars through
longitudinal bars as boulders die out to a more distal sandy
channel with transverse bars in the lower fan (Fig. 3.16)
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Fig. 3.15. The large, stream-dominated alluvial fan of the Kosi River on
the southern flanks of the Himalayas; its channels have migrated from
east to west over a period of 230 years (after Gole and Chitale, 1966).
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3.4.2 Channel processes

Deposition on point bars of meandering streams was the
dominant theme in discussions of sedimentation in channels
until quite recently and an elegant process/response model has
been developed. Emphasis has now not only shifted towards an
appreciation of low-sinuosity streams but also it has become
obvious that point bars themselves are highly variable and
complex. In this account, the classical model will first be
described and the complexities of real point bars are then
compared with it.

THE CLASSICAL POINT BAR MODEL

It has long been recognized that flow in meander bends is
helicoidal with a component of surface flow towards the outer
bank and bottom flow towards the inner bank (e.g. Fisk, 1947;
van Bendegom, 1947; Sundborg, 1956). The locus of maximum
depth in the channel, the thalweg, corresponds roughly with the
zone of maximum velocity (e.g. Bridge and Jarvis, 1976, 1982;
Geldof and de Vriend, 1983) with scour pools developing near
the outside bank. In simple curved bends, the velocity, asym-
metry and the position of the thalweg change over between
bends as the helicoidal flow changes its sense of rotation. More
complex bend shapes are associated with complex distribution
patterns of both depth and velocity (Hooke and Harvey, 1983).
As a result of the flow pattern, the outer concave bank is usually
the site of erosion and the inner convex bank the site of
deposition, the channel as a whole migrating transversely to the
flow to deposit a unit of sediment by lateral accretion.

(a) Erosion. Erosion of the concave bank is influenced by the
nature of the bank material. Floodplain silts and clays of high
cohesive strength resist erosion unless they are underlain by
channel sands. Thick cohesive sediments are eroded as blocks
which founder into the channel by under-cutting and by the
development of shear planes trending sub-parallel to the bank
(Fig. 3.20) (Sundborg, 1956; Klimek, 1974a). Such planes are
curved in plan and if they penetrate deeply they may allow the
emplacement of bank material below the level of the channel
base by rotational slumping (Turnbull, Krinitzsky and Weaver
1966; Laury, 1971). Sands in bank material, particularly where
water saturated, are likely to slough into channels, and flowage
towards the channel hastens undercutting.

The material eroded from the concave bank usually falls or
slides into the deepest part of the channel where it is winnowed
to give a lag conglomerate. Blocks emplaced below the level of
the thalweg by large-scale basal sliding avoid this reworking.
(b) Point bar deposition. The sediment body enclosed by the
meander loop is the point bar. It has an essentially horizontal top
surface at about the level of the surrounding floodplain and it
slopes from that surface level down to the thalweg of the
channel. This point bar surface is the site of channel deposition
and the classical model predicts the pattern of distribution of
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Fig. 3.20. The effect of the thickness of cohesive top stratum on channel
bank failure. Accelerated scour at the thalweg and at the foot of the
bank during high water stages is followed by subaqueous failures (either
by shear or flow) in the relatively non-cohesive substratum sands or
gravels. For thin (A) or very thick (C) top stratum, subaqueous failures
(S) are numerous and small, initiating shallow upper bank failure by
shear. Intermediate top stratum thickness (B) promotes small to large
subaqueous failures followed by deeper, bowl-shaped upper bank
failure (after Turnbull, Krinitzsky and Weaver, 1966).

grain size and bedforms over this surface and, thereby, the
vertical sequence of facies produced by lateral accretion (Sect.
3.9.4).

The pattern of water flow around a meander bend is the key to
understanding deposition on the point bar surface. The model,
first outlined by van Bendegom (1947) was developed indepen-
dently by Allen (1970a and b) and extended by Bridge (1975,
1977). It assumes a bankfull discharge and a fully developed
helicoidal flow around the bend. Depth, velocity and boundary
shear stress diminish away from the thalweg and, in combina-
tion with the upslope component of the helicoidal flow, lead to
the near-bed flow operating as an elutriator giving an upslope
reduction in grain size provided that a sufficiently mixed
grain-size population is available for transport. This theoretical
pattern of water movement and sedimentary response is borne
out quite well by several natural rivers (e.g. Bridge and Jarvis,
1982; Geldof and de Vriend, 1983). Dunes tend to be the
dominant bedforms on the lower parts of point bars whilst
ripples and plane beds occur higher up. Sandwaves occur in a
less predictable way (e.g. Sundborg, 1956; Frazier and Osanik,
1961; Harms. MacKenzie and McCubbin, 1963).

In addition to the pattern of transverse bedforms which occur
on point bar surfaces, elongated ridges of sand (scroll bars) trend
more or less parallel to the contours of the point bar. They
originate low on the point bar surface and gradually migrate
upslope until they reach bankfull level. They are here aban-
doned giving a series of ridges on top of the point bar (Fig. 3.21).
The result is a pattern of roughly concentric swales and ridges
from which it is possible to deduce the erosional path lines of
individual meanders (Hickin, 1974).

(c) The vertical sequence predicted by the model of point bar
sedimentation is fairly well established. Lateral migration of the
channel gives a tabular sand unit overlying a near-horizontal
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likely to be sharp-based sand sheets with internal evidence of
waning flow in the form of grading and a Bouma (1962)
sequence of internal structures. Rapid deposition may be
recorded in both levee and crevasse splay deposits by the
occurrence of climbing ripple cross-lamination (e.g. Singh,
1972; Klimek, 1974b). Both are also likely to be sites of plant
colonization and original sedimentary structures are likely to be
disturbed or destroyed by roots. Directional structures are likely
to be somewhat divergent from those derived from associated
channel deposits. The more proximal, sand-rich levee deposits
are of low preservation potential because of their susceptibility
to erosion by channel migration.

The rate at which levees build up above the floodplain is one
of the major factors determining the avulsion frequency of the
channel.

FLOODPLAINS

Sedimentation and post-depositional changes on the floodplain
depend on climate and on distance from the active channel. The
floodplain is rarely inundated, the most common recurrence
interval for overbank flooding being between one and two years
(Wolman and Leopold, 1957). Overbank sedimentation rates
are rather low, owing to the relatively high velocities of
floodplain currents and low concentrations of suspended sedi-
ment at flood peak. Most sedimentation is from suspension and
there is a tendency for deposits to fine away from the channel.
Only major floods deposit more than a few centimetres of
sediment and then only patchily. Vegetation may help to localize
both sedimentation and erosional scour on the floodplain.
Floodplain sediments dry out between floods and desiccation
cracks or other features of subaerial exposure may develop.

In some humid or very low slope settings, where the river is
flowing close to its base level, the floodplain may never dry out.
Backswamps and lakes may form important elements in the
overbank landscape as in the *Sud’ of Sudan (Rzoska, 1974) and
the Atchafalaya River Basin (Coleman, 1966; Flores, 1981).
Where vegetation is abundant, as in the Sud, peats will
accumulate, often to considerable thicknesses. The plants serve
to baffle overbank flows and cause sediment to be deposited near
the swamp margins. Where vegetation is less luxuriant or where
more sediment is available, thick peat accumulation is less
important and a complex of lakes and swamps results. Lakes
develop by compaction and subsidence of earlier organic-rich
fine sediments and accumulate well laminated fine muds, often
containing a fauna of non-marine bivalves. Switching of
sediment distribution patterns leads to lakes being infilled by
small deltas giving small-scale coarsening-upward units (see
Chapter 6) and leading to the establishment of a new swamp.
Swamps may be either poorly or well drained, depending on the
proximity of a channel. Well-drained swamps have oxidizing
near-surface conditions with less preservation of organic matter
whilst poorly-drained swamps are reducing (Coleman, 1966).

These differences are likely to be reflected in resultant soil
profiles.

In semi-arid settings, where vegetation is less abundant, less
organic matter is incorporated into the sediment and even that is
likely to be oxidized. Disturbance by roots is less and the surface
is more susceptible to aeolian deflation and reworking. Soil
formation and reddening processes may be active though these
are more extensive in areas beyond immediate river influence
(Goudie, 1973). Whilst climate is a major control on floodplain
development, large fluvial systems may show a discrepancy
between the floodplain conditions and the hydrology of the
river. The latter may be controlled by climate in a very distant
catchment area and this may differ markedly from the local
conditions which control floodplain processes.

Wind activity is important on some floodplains with aeolian
dunes developing widely and finer material being winnowed and
redeposited (e.g. Higgins, Ahmad and Brinkman, 1973). Large
thicknesses of wind-blown silt may accumulate on floodplains
and form the bulk of the deposits there (Lambrick, 1967). In
ephemeral stream courses, acolian dunes may block and divert
channels and wind-transported and sorted sand may be
reworked by subsequent stream activity.

3.6.2 Areas beyond river influence

These areas encompass a whole range of settings, both erosional
and depositional. Here we confine our attention to those areas
where alluvial sediment has accumulated and where it may
accumulate again in the future.

TERRACES

In many present-day alluvial settings terraces are important
elements in the landscape. They may be caused by lowering of a
local or a more general base-level, by depletion of sediment or by
complex responses to climatic and tectonic change (Schumm,
1977). Base-level changes may be due to eustatic, isostatic or
tectonic causes. Rapid climatic and vegetation changes, operat-
ing at a very local scale have caused streams to be incised as
‘arroyos’ in alluvial plains in the south-western USA (Haynes,
1968; Cooke and Warren, 1973). The important processes which
modify sediments on terraces are reworking by wind and in situ
processes of soil formation, both of which are strongly in-
fluenced by climate.

WIND ACTIVITY

Wind erosion and reworking will only be significant if vege-
tation cover is low. It is therefore more common in arid or
semi-arid settings or at high latitudes. Erosion removes finer
particles leading to deflation of the terrace top. Coarse particles
on the pavement may be facetted into ventifacts and may
acquire a coat of desert varnish (Glennie, 1970). The material



removed by the wind may accumulate locally as sand dunes or it
may be transported in suspension to be laid down as loess in
more distant areas (Lambrick, 1967; Higgins, Ahmad and
Brinkman, 1973; Yaalon and Dan, 1974) (see Sect. 5.2.8). Wind
not only deposits fine-grained clastic debris but also may
introduce material such as carbonate which is important for soil
formation.

SOILS

Soil formation is the second main influence in inter-fluvial areas
and again climate is the most important control. In spite of their
great importance, particularly in the investigation of problems
of Quaternary geology, it is beyond the scope of this book to
discuss soils in detail. Their study is a subject in its own right and
several books are devoted exclusively to them (e.g. Bunting,
1967; Bridges, 1970; Hunt, 1972; Goudie, 1973; Birkelund, 1974;
Duchaufour, 1982). Only a few points of potentially wider
geological significance will be dealt with here.

Soils develop on both recently deposited sediments and
poorly consolidated or weathered bedrock. Although the latter
group may sometimes be important in understanding major
unconformities in the stratigraphic record, the former group is
our main concern. Many schemes of classification of soils have
been developed, commonly relating soil type to climate. Whilst a
broad climatic control undoubtedly prevails it is important to
realize that, because most soil-forming processes are slow
acting, soil profiles observed at the present day may show
overprinting of more than one climatic regime.

Most modern soils show a vertical profile which involves
several horizons, the details of which and their position in the
profile are controlled by both climate and the nature of the
starting material. Most modern soils have an organic-rich upper
layer which grades down into more mineral-dominated layers.
The extent and importance of the organic-rich layer is con-
trolled by the prevailing rates of organic production and decay
which in turn reflect climate and the position of the water table.
Preservation potential of the organic layer is small except in
swamps and peat bogs, but it has an important influence on the
rest of the soil profile.

Rainwater passing through the organic layer becomes
enriched in CO, and in various organic acids with a resultant
decrease in pH. In addition, the roots of plants growing at the
surface may extend into the lower mineral layer, causing
physical disturbance and abstracting material in solution.

In the underlying mineral layers, rain water moves mainly
downwards. As it is usually acidic, it removes alkali and alkali
earth ions in solution and helps the breakdown of various
silicate minerals to clays. Both clays and dissolved ions are
transferred to lower levels in the profile where they may be
deposited. In humid settings, however, the more soluble ions
may be removed in solution from the soil system by transfer to
the ground-water. Clays and the normally insoluble iron which
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is mobilized by organic complexing are deposited in lower levels
of the profile. Under intense humid tropical conditions, silica
may be leached from the soil giving a residual concentration of
the oxides of iron and aluminium as laterites and bauxites. Such
intensely leached soils commonly show cavernous and pisolitic
textures. In cold humid settings limonite may cement the upper
layers of the soil profile as a hardpan, precipitation being aided
by organic activity.

In semi-arid and arid areas, precipitation is too low to allow
the development of an important organic layer and the pH of
soil waters is consequently high. This, combined with the
smaller volumes of percolating water, means that solution rates
are relatively low and that water, rather than escaping into the
groundwater system, is retained in the soil profile and eventually
lost through evaporation or transpiration. This results in
precipitation of material from solution within the profile, under
alkaline conditions. The depth at which material is precipitated
relates to the rainfall and to the permeability of the host
material. The mineral which most commonly precipitates in this
way is calcite, though silica also occurs. Profiles which involve
carbonate layers or nodules are called ‘calcrete’ or ‘caliche’;
those with secondary silica are called ‘silcrete’. Goudie (1973)
has extensively reviewed the formation of calcretes and has
shown that whilst downward movement of dissolved material is
the main process, it is difficult to account for the supply of
calcium carbonate to the sediment surface. Possible sources are
carbonate-rich loess (Reeves, 1970; Yaalon and Dan, 1974) or
leaf fall and plant drip. Areas downwind of sites of gypsum
precipitation have accelerated rates of caliche development,
presumably due to the introduction of calcium sulphate by the
wind and the precipitation of calcite by the common ion effect
(Lattman and Lauffenberger, 1974). Rates of calcrete formation
are variable but it seems that periods of the order of 10°-10°
years are involved in the development of mature caliche profiles
(Gardner, 1972).

Silcretes seem to be the product of warm humid settings and
occur in areas of very mature soil development (Twidale, 1983).
They are often associated with deeply weathered intermediate
and basic igneous rocks or with sandy substrate, but also
develop rapidly where pyroclastic rocks are abundant (Flach,
Nettleton et al. 1969). Silica is mobilized in solution and
reprecipitated locally, though some may be introduced over
greater distances. Precipitation may sometimes occur where
upward-moving, silica-rich solutions meet downward percolat-
ing water rich in dissolved salts (Smale, 1973), particularly
sodium salts (e.g. Frankel and Kent, 1938) and as such are likely
to be found in association with lake sediments.

RED COLORATION

The origin of ‘red beds’ has been a subject of heated controversy
with the main argument centring on whether the red pigment is
of detrital or diagenetic origin (see Glennie, 1970, for a concise
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discussion). Observations of alluvial fan and tidal flat sediments
of Pliocene to Recent age in Baja California show clearly that
here the reddening is essentially diagenetic (T.R. Walker, 1967:
Walker, Waugh and Crone. 1978). The processes seem to be
quite slow acting; the Recent sediments, freshly derived from
adjacent granites, are grey, the Pleistocene ones yellow and only
those of Pliocene age show a good red coloration. The processes
seem to involve the breakdown of biotite and hornblende to give
clays and immature iron oxides and hydroxides which are
washed to lower levels in the weathering profile and coat grains.
With time the oxides mature to haematite. These changes will be
aided by elevated temperatures but their main prerequisite is
water provided by ephemeral rainfall and run-off. Rates of
reddening vary with lithology, clay-rich sediments altering more
slowly due to lower permeabilities.

The rock record clearly shows that some ancient red-beds
were deposited in humid regimes, but no present-day red-beds
are known in such settings. Instead, present-day, warm, sea-
sonally humid source areas supply detritus which is mainly grey
or brown, with iron present as hydrated oxides (Van Houten,
1973; Turner, 1980). If these are deposited in settings which are
then subjected to an oxidizing ground-water regime, probably
favoured by a lowered water table, then the amorphous
hydroxides and oxides may mature in situ to give eventually a
red deposit (e.g. Paijmans, Blake er al., 1971).

3.7 ANCIENT ALLUVIAL SEDIMENTS

Alluvial deposits are generally recognized by an absence of
marine fossils, by the presence of red coloration and channels,
by broadly unidirectional palaeocurrents, particularly in the
coarser sandstone or conglomerate units, and by evidence of
emergence such as palaeosols and desiccation mudcracks
particularly in finer grained deposits. However, none of these
features is diagnostic by itself since all may occur in other
environments. In Precambrian rocks in which a fauna is lacking
and soils seem much less common, it may often be difficult to
distinguish between fluvial and shallow marine deposits in thick
sandstone formations. Even in the Phanerozoic where, for
example, thick conglomerate units are associated with active
tectonics, the distinction between fluvial and basinal conglomer-
ates may not be obvious (e.g. Harms, Tackenberg er al., 1981;
Stow, Bishop and Mills, 1982).

Once a broadly alluvial interpretation is established, a
sequence can be discussed in terms of more specific alluvial
settings and attempts made to place the deposits in the
continuum of river types recognized at the present day.
However, comparisons with the present are seldom direct since
land plants and their role in covering the land surface have
changed through time. For example, pre-Devonian sequences
are much less likely to have meandering river deposits than are

younger deposits since there were then no land plants to stabilize
overbank sediments (e.g. Cotter, 1978).

To simplify discussion, it is thought best to recognize two
rather loosely defined types of alluvial sequence, one dominated
by sandstones and conglomerates with little fine-grained sedi-
ment and the other dominated by sandstones and finer sedi-
ments with relatively little conglomerate. The first group may be
compared with deposits of present-day bedload streams, both
sandy and pebbly and commonly occurring in the wider setting
of an alluvial fan. The second group finds modern analogues in
suspended-load streams, commonly meandering but also in-
cluding anastoming streams and in the distal parts of some
terminal fans. These two broad facies associations are, like their
modern counterparts, intergradational.

3.8 ANCIENT PEBBLY ALLUVIUM

Thick sequences of pebbly alluvium are generated and preserved
where there is topographic relief and this commonly implies
tectonic activity during or immediately prior to deposition.

Many alluvial fans, both stream-dominated and semi-arid are
associated with normal faults and the development of graben,
half graben and pull-apart basins (Sects 14.4.2, 14.8) (e.g.
Collinson, 1972; Steel, 1974, 1976). Other successions are not so
directly related to fault lines but are the fills of basins flanking
recently uplifted source areas, sometimes a consequence of
continental collision. These are the typical molasse deposits of
many mountain belt foreland basins (Sect. 14.9.2). Where fans
developed in response to normal extensional faulting, mass-flow
deposits may be abundant if climate and source rocks were
appropriate. Relief was maintained and the position of the fan
apex either remained fairly fixed allowing a thick wedge of
sediment to accumulate and be preserved on the down-thrown
side of the fault (Fig. 3.31A) (e.g. Collinson, 1972) or it migrated
backwards along a series of successively active listric normal
faults (Fig. 3.31B) (e.g. Steel and Wilson, 1975). In strike-slip,
pull-apart basins, the position of the active fault may migrate
through time either laterally along the marginal strike-slip fault
or backwards towards the end of the basin. In the latter case, a
series of proximal-distal wedges are stacked in an imbricated
style along the length of the basin resulting in huge aggregate
thicknesses (Sect. 14.8.2) (Steel and Gloppen, 1980).

In foreland molasse basins, the deposits are commonly very
widespread and tend to be dominated by stream deposits as a
result of larger catchment areas and lower slopes. Sediments
may be laid down during active tectonism and be overthrust and
deformed soon after deposition as the foreland-thrust belt
overrides and disrupts the foreland basin (Sect. 14.9.2).

3.8.1 Facies

Whilst conglomerates may make up a large proportion of
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individual authors (e.g. Bluck, 1967; McGowen and Groat,
1971; Steel, 1974; Steel and Thompson, 1983). A scheme which
seems widely applicable and which is becoming increasingly
used as a convenient shorthand is that of Miall (1977). This
recognizes three major grain-size classes, gravel, sand and fines
(G, S, F) and several modes of bedding (e.g.: m, massive; t,
trough cross-bedded: p, planar (i.e. tabular) cross-bedded; r,
rippled; h, horizontal laminated; s, shallow scours, etc.) which
may be combined in various ways (e.g. St = trough cross-
bedded sandstone). Such pigeon-holing is convenient when
some form of numerical analysis of data is planned (e.g.
Markhov chain analysis) but it can lead to a somewhat
uncritical approach to primary observation. The scheme is a
useful starting point but one which must be adapted and
extended to the needs of a particular sequence (e.g. Massari,
1983). Other workers have incorporated aspects of bed shape
and lateral variation directly into their schemes of facies
classification (e.g. Ramos and Sopena, 1983). These authors
distinguish sheet-like units from those filling channels and they
also recognize the existence of low-angle lateral accretion
surfaces within conglomeratic sequences.

The various facies schemes mainly allow interpretation in
terms of process. The matrix-supported conglomerates (para-
conglomerates) which commonly lack internal structure or even
clast imbrication are generally ascribed to high viscosity
mass-flow processes. Correlation of bed thickness with maxi-
mum clast size is thought to reflect the positive relationship
between competence and size of flow (Bluck, 1967; Larsen and
Steel, 1978). Some units of this type are overlain by thin beds of
sandstone showing parallel and low angle bedding, interpreted
as the product of waning flood stages (Steel, 1974).

Conglomerates with clast-supported frameworks and pebbly
sandstones with clear stratification are the result of bedload
deposition. Horizontally stratified or unstratified conglomer-
ates with clast imbrication record deposition on a flat bed with
vigorous grain transport such as might occur on the top of a
longitudinal bar or on a channel floor and textural variations
may relate to water stage changes (Fig. 3.33) (Steel and
Thompson, 1983). Laming (1966), in a pioneering study of the
Permian conglomerates of south-west England, recognized two
types of imbricated and parallel-bedded conglomerate. One had
‘clast imbrication’ where clast/matrix ratio is high and clasts are
tightly packed in a framework and the other had ‘isolate
imbrication™ where similarly inclined clasts floated in a more
abundant matrix. Where such conglomerates have a sheet-like
form and are interbedded with finer sediment (sand or silt) they
probably result from sheet-floods. This interpretation would be
supported by a correlation between bed thickness and clast size
(e.g. Bluck, 1967).

Other conglomerates show a more lenticular or channelized
geometry with cross-bedded fills of scours, close-packed lag
conglomerates on scour bases and fine drapes both to bed tops
and to the floors of scours. Sections parallel to the palaeocurrent

B High stage

——>lntermediate.—"> Low stage

Formation of

Coarse gravel Infilling fine gravel fine gravel sheet

Fig. 3.33. (A) Variable textures in bedded conglomerates from the
Triassic of Cheshire, England. The variation is interpreted (B) in terms
of varying transport populations during waning water stage (after Steel
and Thompson, 1983).

show individual cross-bedded sets which change laterally in
grain-size from framework gravel to pebbly sandstone and back
again, presumably reflecting discharge fluctuations in the flow
over the bedform’s (bar’s) slip face. Sequences with lenticular
bedding and channels do not show any correlation between clast
size and bed thickness and record a more sustained though
probably variable flow such as might be found in a river rather
than a series of episodic sheet flood events.

In gravels or conglomerates where channel forms are sus-
pected but are not readily apparent, it may be possible to detect
them from a detailed study of clast imbrication. In the
Carboniferous of the Intra-Sudetic Basin, Teisseyre (1975)
showed that pebbles have systematic changes in transverse
profile across channels. In the axial area of a channel, clasts dip
directly upstream whilst near the margins they dip with a
component towards the centre line. Such an approach could be
of great value in the economic exploitation of alluvial heavy
minerals such as gold which can occur as intergranular fines in
coarse orthoconglomerates. These tend to be most common in
channels and in sites of active reworking on the more proximal
parts of a fan (e.g. Sestini, 1973).

3.8.2 Lateral facies distributions

Within wedges of alluvial conglomerates both facies and
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bedded pebbly sandstone, a relationship similar to that
observed in Pleistocene outwash gravels by Eynon and Walker
(1974). These proximal facies record the dominance of longi-
tudinal gravel bars. Inter-bar channels are filled with finer
sediment at low stages or as they are gradually abandoned. In
the mid-fan area there is less gravel and more bed bases are
scoured, though some of the elongated, convex-upwards bodies
persist, Parallel-bedded gravels are interpreted as longitudinal
bars which grew mainly by vertical accretion on the bar-top
whilst flanking sandstones show cross-bedding and are inter-
preted as transverse bars which migrated down inter-bar
channels (cf. N.D. Smith, 1974). In the distal areas gravels are
confined to thin beds and lenses scattered in tabular and trough
cross-bedded sandstones as in modern outwash fans (Fig. 3.16)
(cf. Boothroyd, 1972).

In other systems lateral changes are recorded in directions
normal to the general palaecocurrent. In the Messinian molasse
of northern Italy, sequences dominated by vertically stacked
conglomerates up to 15 m thick and with relatively few fines
occur as lateral equivalents to tabular cross-bedded conglomer-
ate beds up to 10 m thick separated by thick units of fine-grained
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Fig. 3.35. Typical vertical sections through the deposits of semi-arid
alluvial fans from (A) Old Red Sandstone of Scotland and (B and C) the
New Red Sandstone (Permo-Triassic) of the Hebrides. Scotland.
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sediments (Massari, 1983). The change takes place along
depositional strike and suggests that a fan dominated by braided
channels passed laterally into an interlobe area where more
channelized, possibly sinuous streams were confined within
muddy cohesive banks.

3.8.3 Vertical facies sequences

Small-scale vertical facies sequences in alluvial conglomerates
tend to have a strong random element. Where episodic sedimen-
tation is in the form of debris flows and sheetfloods, bed
thickness and clast size vary randomly. The deposits of major
depositional episodes are commonly separated by fines depo-
sited by waning floods, but in many cases these are scarce owing
to their removal by subsequent scour or to an inherent lack of
fines in the sediment supply. When only a small proportion of
sand and finer sediment is available, most or all of it is absorbed
into the spaces of the gravel framework rather than giving fine
interbeds.

Where stream processes are dominant, scour surfaces divide
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Variations in maximum particle size define coarsening- and fining-
upward units and also show the high random component in the
interbedding (after Bluck, 1967, (A) and Steel, 1974 (B, C)).



the sequence into units within which both lateral and vertical
facies changes may be apparent. Both sheet-like units and more
obvious channel forms are preserved (e.g. Ramos and Sopeiia,
1983). Within the larger units of both sheet and channel type,
more closely spaced minor scour surfaces reflect stage fluctua-
tions. Elements of both upward fining and upward coarsening
occur. The fining may be related to either channel abandonment
or to lateral accretion. Additional evidence for the latter is seen
in low-angle lateral accretion cross-bedding (Ramos and
Sopena, 1983). Upward coarsening in units a few metres thick in
Pleistocene outwash gravels has been described by Costello and
Walker (1972) and attributed to the gradual reactivation of a
channel after an interval of temporary abandonment in the
braided complex. Coarsening upward is also a pattern asso-
ciated with the advance of a major mid-channel or lateral bar
where the coarser grained bar head advances over the finer
grained bar tail. The cross-bedding in the bar tail deposits may
show greater variability than that in the head owing to the
convergence of flows in the bar head area (Bluck, 1980). Upward
coarsening at the scale of an individual bar may take place
within a thicker channel unit which itself is broadly upward
fining. Sequences of either type tend not to be preserved in their
entirety and are commonly truncated by erosion.

At the larger scale, coarsening- and fining-upward trends in
pebbly alluvium occur at the scale of tens or hundreds of metres.
These are most commonly recognized on the basis of maximum
clast size (Fig. 3.35) (e.g. Steel, 1974, 1976; Heward, 1978;
Larsen and Steel, 1978). The grain-size changes may be
accompanied by changes in the relative abundance of consti-
tuent facies. For example, upward fining may coincide with a
change from mudfiow dominance to channel dominance whilst
a coarsening-upward sequence may show the reverse facies
trend.

Changes at this scale are commonly attributed to tectonic
causes. Coarsening- and fining-upward sequences may result
respectively from tectonic uplift of the source area or from its
subsequent wearing down during a quiescent phase (e.g.
Heward, 1978; Larsen and Steel, 1978). In addition to tectonic
controls, switching of the sediment distribution pattern on a fan,
the establishment and decay of fan lobes and fan entrenchment
all contribute to the sequence found at one point. Changes in
climate and vegetation also lead to facies and grain-size changes,
adding further to the complexity of interpretation (e.g. Croft,
1962; Lustig, 1965).

3.8.4 Palaeocurrents

Palaeocurrents from conglomeratic alluvium can be valuable in
building up a picture of the syn-sedimentary topography and
also in determining the channel type in the case of channel flow.
Most ancient fan deposits show fairly tightly grouped palaeo-
currents (e.g. Nilsen, 1968; Collinson, 1972) although palaeo-
current readings are difficult to obtain in the deposits of fans
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dominated by debris flows. It is sometimes possible to identify
individual fans by the establishment of a radial pattern of
palaeocurrents over an area (e.g. Bluck, 1965). In a large
Torridonian fan of N.W. Scotland, dominated by stream
processes, an upward decrease in the dispersion of palaeocur-
rent directions through the sequence was interpreted in terms of
fan-head retreat (Williams, 1969). A sudden major change of
direction at a particular level in a sequence might indicate that
an adjacent fan took over deposition at that point. This would
suggest a bajada made up of laterally interfering fans.

39 ANCIENT SANDY FLUVIAL SYSTEMS

3.9.1 Introduction

In most sandy fluvial sequences, two major facies associations
can be distinguished. These are the ‘coarse’ and ‘fine’ members
(Allen, 1965a) usually interpreted as channel deposits, com-
monly generated by lateral accretion and interchannel or
overbank deposits dominated by vertical accretion. Precise
demarcation of these facies associations may be difficult, for
example, where a coarse member grades vertically into a fine
member through a transitional facies such as might have formed
close to the channel (e.g. levee) or where a channel has been
abandoned and filled by fine material.

The coarse members, with their more appealing assemblage of
sedimentary structures received great attention in the early days
of research and their variety is now well-documented. The fine
member sediments, in contrast, have only come to prominence
more recently as it was realized that their more subtle and less
easily studied variations can offer great insights to palaeocli-
mate and into the large scale gecomorphology of ancient alluvial
plains.

3.9.2 Fine member deposits

Fine member deposits can generally be separated into three
primary depositional facies. all of which may be modified to a
greater or lesser degree by post-depositional in situ processes of
early diagenesis, pedogenesis and bioturbation.

SILTSTONES AND MUDSTONES

These are the most abundant facies and are generally horizon-
tally laminated with a variable degree of fissility. The better
laminated examples are often highly micaceous and rich in
organic matter when the sediments are unoxidized. Some may
carry a fauna of non-marine bivalves and ostracods (e.g. Scott,
1978; Gersib and McCabe, 1981) whilst others are homogenized
by bioturbation and may show evidence of subaerial emergence
in the form of mudcracks, rain pits and footprints (e.g.
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Thompson, 1970). In some cases, the fine member units show
small-scale coarsening upward units which pass from muds into
siltstone or even fine sandstone. The upper parts of such units
are likely to show evidence of the development of soils or of
plant colonization. The sediments may be subdivided on the
basis of colour into red and grey beds, a distinction which is
usually also apparent in coarser grained interbeds. The fine
members usually show a more intense development of red
pigment compared with associated sands whilst the fines in grey
sequences are darker than their associated sands due to a high
organic content. Red units are more likely to show evidence of
emergence whilst grey beds are more likely to be disturbed by
plant rootlets and to be associated with coals. However, rootlet
bioturbation is sometimes found in red beds, often associated
with colour mottling.

The facies record the deposition of fine material from
suspension. Such deposition is most common in inter-channel
areas which receive sediment during floods. The areas may be
floodplains which are predominantly subaerially exposed or
may be perennial swamps or shallow lakes. Small-scale upward
coarsening units probably record the infilling of shallow
floodplain lakes by small deltas (Scott, 1978; Gersib and
McCabe; 1981; Flores, 1981; cf. Coleman, 1966). Deposits of
subaerially exposed floodplains are more likely to develop a red
coloration whilst swamps and lakes are more likely to preserve
organic matter and lead to a grey sequence. Colour can
therefore offer a guide to the position of the normal water table
during deposition. However, a post-depositional fall of water
table could lead to draining of swamps and the reddening of
deposits laid down in a permanent water body (Besly and
Turner, 1983).

Some sequences are dominated by fine member siltstones and
mudstones with only scattered thin sandstones. These present a
problem in that it may be difficult to decide whether they are
overbank sediments laid down in an area which seldom. if ever,
was the site of channel activity or were laid down beyond the
range of channel activity as on the most distal parts of a terminal
alluvial fan or the central parts of an ephemeral lake.

It tends to be generally assumed that all fine member
siltstones and mudstones were laid down by water. However, it
is always possible that some may be wind lain as loess,
particularly when structureless, homogenous and mainly red
silts are abundant (cf. Lambrick, 1967) (Sect. 5.2.8).

SHARP-SIDED SANDSTONE BEDS

These commonly occur interbedded with siltstones and mud-
stones. They are usually thin, seldom more than a few tens of
centimetres and exceptionally | m thick. They seem to com-
monly wedge out laterally with convex upwards tops (e.g.
Leeder, 1974) though other examples are more nearly parallel
sided (Tunbridge, 1981). They have many features in common
with turbidites with sharp bases, solemarks, graded bedding

FLOOD-GENERATED SEDIMENTATION UNITS
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Fig. 3.36. Examples of sharp-based sandstone beds in a fine-grained
alluvial succession. Such beds result from catastrophic overbank flows
on floodplains or from sheet floods on the more distal areas of terminal
alluvial fans (after Steel and Aasheim, 1978).

and a Bouma (1962) sequence of internal structures with parallel
lamination and ripple-drift cross-lamination particularly com-
mon (Fig. 3.36) (Steel and Aasheim 1978; Tunbridge, 1981).
This similarity, which simply reflects the episodic and decelerat-
ing nature of the flows responsible, led to some discussion about
the depths of deposition of ‘flysch® when such beds in the
Tertiary of the Pyrenees were found to have salt pseudomorphs
and the casts of birds’ footprints on their bases (Mangin, 1962;
De Raaf, 1964). The general context and the occurrence of
palaeosols and other evidence of emergence in the sequence
suggests that in this case the decelerating currents were flood
events. Where the sandstones are somewhat restricted laterally
they are probably crevasse splay deposits, and where closely
spaced they may represent a levee (Allen, 1964; Leeder, 1974).
Where they are more extensive and parallel sided and removed
from any obvious nearby channel sandstones, they are probably
the deposits of sheet floods on the distal parts of a fan (Steel and
Aasheim, 1978; Tunbridge, 1981; Hubert and Hyde, 1982) or of
major sheet floods swamping the entire alluvial system (cf.
McKee, Crosby and Berryhill, 1967).

CROSS-BEDDED SANDSTONES

In some red, fine member sequences there are cross-bedded
sandstones where grain size is more appropriate to the coarse
member but which are not associated with basal erosion
surfaces. Such units may involve sets up to several metres thick.
The sand is commonly well-sorted, lacking platy minerals and
the grains may be well rounded. Such sandstones are interpreted
as the products of aeolian dunes which migrated in the
interchannel areas. The interpretation is strengthened where the
cross-bedding directions diverge widely from those in associated
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earths or ganisters. Here, the silica concentration is thought to
be due to leaching in a water-logged soil, with some contribution
of silica to the matrix and cement by vegetation (Retallack
1976).

(b) Mottling and clay coatings. The migration in solution of ions
of manganese and iron leads to the patchy accumulation of their
oxides and hydroxides as grain coatings giving an overall
mottled appearance to the sediment. Such mottling is a
characteristic of gley soils where the movement of reducing pore
waters is sluggish (Buurman, 1975).

At the microscopic level, clay coatings on sand-sized particles

are found in rocks as old as Palaeozoic (Teruggi and Andreis,
1971). These are interpreted as products of soil formation by
illuviation in the B horizon of clays transported downwards by
water. The coatings therefore reflect pore-water conditions
different from those associated with mottling. However, inter-
pretation in detail is very complex, not least because of the
overprinting of soil features within the same unit (Besly and
Turner, 1983). Changing groundwater conditions may produce
different features which are then preserved together, some
recording the later stages of soil development and all subject to
later diagenetic alteration on burial.
(c) Rootlets and coal. The penetration and disturbance of fine
member sediments by rootlets is diagnostic of ancient soils. The
sediments which may be mudstone, siltstone or sandstone, are
usually grey but red mottled and variegated sediments are also
sometimes found to have rootlets on close inspection (Besly and
Turner, 1983). Rootlets penetrate the bedding at all angles and
in Carboniferous Coal Measures are usually preserved as thin
carbon films (Huddle and Patterson, 1961; Wilson, 1965).
Major roots such as Stigmaria occur with smaller rootlets
attached and the larger forms are in some cases preserved in full,
uncrushed relief, usually with a sand infill. Rarely, larger roots
are preserved in three dimensions in a coalified state (Baird and
Woodland, 1982). Stigmaria usually lie in a horizontal plane
reflecting the shallow rooting system of the plants. Other roots
have vertical or sub-vertical orientations and they may be
preserved by sideritic or calcite concretions (e.g. Klappa, 1980).
An upward fining of host grain size is commonly observed in
seatearths. This may reflect the decreasing energy caused by
increasing plant colonization (Wilson, 1965), or may be due to
chemical weathering within the soil profile. The presence of
abundant rootlets may lead to the total destruction of original
bedding and lamination and intense slickensiding can result
from the collapse and compaction of roots (Huddle and
Patterson, 1961).

Rootlet horizons are often overlain by coal seams of variable
thicknesses which bear no relationship to the thickness of the
underlying seatearth. Coals record prolific plant growth and
preservation of the organic matter as a peat by acidic and
reducing ground water and a high water table. Whilst the
earliest plants rooted in the underlying sediment, later plants
rooted in the accumulating peat mat. The coal seam can thus be

regarded as a separate soil in its own right. In some red-bed
successions where the reddening is of early diagenetic origin,
seatearths are preserved as mottled and variegated units with
poorly preserved root traces whilst any once-present coal seams
are totally oxidized (Besly and Turner, 1983).

(d) Clay mineralogy. The chemical reactivity of clay minerals
makes them sensitive to pedogenic processes. By the same token,
however, they are susceptible to diagenetic alteration and more
subtle properties have a low preservation potential. Watts
(1976) recognized palygorskite in a Permo-Triassic sequence as
the product of a semi-arid soil. The most clearly developed trend
is towards the concentration of kaolinite in many fine-member
seatearths at the expense of illite (Huddle and Patterson, 1961).
This concentration, which is often accompanied by titanium
enrichment, is interpreted as the result of in situ leaching in soil
below growing vegetation. The mineralogy of seatearths and
other soils not only reflects pedogenesis but is also due to the
lithologies and weathering conditions of the source area.

(e) Soil associations. Soil features which may be preserved in
palaeosols occur in combinations and sequences which show
very subtle variation. Variation is due not only to the infinite
range of combinations of host mineralogy, plant colonization,
ground water chemistry, climate and topography, but also to the
possibility of over-printing as conditions change through time.
The red-bed caliche assemblage and the grey-bed seatearth coal
assemblage are two end members of a spectrum of variation
where intermediate stages are only just beginning to be explored
(e.g. Retallack, 1976, 1977, 1983; Buurman, 1980; Bown and
Kraus, 1981).

3.9.3 Coarse member (channel) deposits

Five principal facies can be distinguished.

CONGLOMERATES

These generally occur as thin beds, only a few clasts thick. When
they are associated with major erosion surfaces they are
interpreted as channel lags. However, when the bulk of the
coarse member is pebbly sandstone, pebble concentrations are
more widespread and may overlie more local scours such as the
bases of trough cross-bedded sets. In the more extensive channel
lag conglomerates, the clasts may be either extra-basinal or
intra-basinal, derived from the erosion of inter-channel, com-
monly floodplain deposits. The most common clasts are mud-
flakes, calcium carbonate or siderite concretions or large plant
fragments and logs, depending on the nature of the inter-chan-
nel environment. Where a sequence is dominated by coarse
members, to the virtual exclusion of fine member units,
intraformational clasts may provide the only indication of the
presence of inter-channel deposits.

In addition to pebble lags, major channel erosion surfaces
sometimes have associated coarse breccias made up of angular
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Thompson, 1970). With a mixed load or a sand-poor system,
overbank deposition of fines is more abundant and channels are
more stable; channels shift by avulsion so that sandbodies stand
a higher chance of being isolated in fine member deposits. Other
controls, suggested by simulation studies, are subsidence rate,
avulsion frequency and floodplain width (Leeder, 1978; Allen,
1978; Bridge and Leeder, 1979). Of these controls, avulsion
frequency is not an independent variable but is the complex
result of, amongst others, the sedimentation rate gradients
across the floodplain (Crane, 1983). Interpretations of alluvial
systems and particularly of channel type which rely heavily on
coarse member/fine member ratios, as seen in borehole or other
restricted vertical sections, should therefore be treated with
great caution. In addition it is important to distinguish between
those coarse members which result from infilling of incised
valleys and those which are the result of continuing overall
accumulation. In the Old Red Sandstone of South Wales, deeply
incised channels whose margins cut through several palacosol
horizons are attributed to incision due to a lowered base-level.
They contrast with the shallower coarse members which are the
result of channels active during accumulation (Allen and
Williams, 1982).

INTERNAL FACIES RELATIONSHIPS

The now classic fining-upwards sequence of Bersier (1959) and
Bernard and Major (1963) has been extended and refined by
many authors, notably Allen (1964, 1965a, 1965b, 1970a, 1970b,
1974b), Visher (1965), Jackson (1978), and Puigdefabregas and
Van Vliet (1978). A sandstone overlying a horizontal erosion
surface fines upwards and commonly shows a related upwards
change from cross-bedding to parallel and/or ripple lamination
before it grades into an overlying fine member. There may be a
lag conglomerate at the base and, in thicker units, the cross-bed-
ding may show an upward decrease in set thickness (Fig. 3.47).
This simple pattern is, however, something of an idealization,
akin to the Bouma sequence in turbidites. Whilst it does occur,
many coarse members in fluvial sequences show different or
more complex vertical facies sequences.

A direct interpretation of the classic fining-upwards sequence,
using only the internal facies evidence, indicates a waning of
flow power from an initial erosive phase. This waning may be
accounted for by the steady state point bar model of lateral
migration combined with the spatial separation of flow
strengths over the point bar surface (Sect. 3.4.2). In this case, the
thickness of the coarse member corresponds with the depth
(bankfull) of the migrating channel. With this explanation,
variations between coarse members in a sequence can be
accounted for by differences in channel slope and channel
curvature (Allen, 1970a, 1970b). The waning flow strength
implicit in the fining-upwards sequence can, however, also be
accounted for by a waning flow through time. Many coarse
members thinner than, say, 2 m may not be channel deposits at

all, but the results of catastrophic sandy sheet floods of wide
lateral extent (cf. Fig. 3.36). They might, therefore, be better
regarded as graded beds rather than fining-upwards units. This
alternative interpretation is particularly attractive when the
sandbodies are extensive laterally and have no observed erosive
margins (Collinson, 1978). Allen’s (1964) units in the Old Red
Sandstone at Lydney (Fig. 3.48) and many of the coarse
members in the Red Marls of Pembrokeshire (Allen, 1974b) can
as readily be interpreted as sheet flood deposits of distal terminal
fans or as crevasse splays (Collinson, 1978; Tunbridge, 1981;
Hubert and Hyde, 1982). The problem of deciding which
erosively based sheets result from channel migration and which
result from episodic flood events is not easily resolved. Thick-
ness of the coarse member gives a rough guide as it is difficult to
imagine either sheet floods repeatedly generating sand units
more than 2 or 3 m thick or laterally migrating channels

Red coarse siltstones with invertebrate
burrows, ripple-bedded sandstone lenticles,
and convolute laminations. No evidence

of exposure

Red coarse siltstones alternating
with beds or “biscuits” of ripple-bedded,
very fine sandstone. Invertebrate
burrows. No proofs of exposure

Metres

Red, flat-or ripple-bedded very

fine to fine sandstone with a channeled
scoured surface in lower part.
Scattered siltstone clasts

Intraformational conglomerates on
scoured surfaces alternating with green
siltstones and very fine to fine sand-
stones, showing ripple-bedding, flat-
bedding or convolute lamination.

Scoured surface of low relief cut
on siltstone

Fig. 3.48. Sequence from the Old Red Sandstone at Lydney, Gloucester-
shire. The sandbodies are all sufficiently thin for them to be interpreted
as a series ol sheetflood deposits, though the thickest sandstone could
represent a shallow channel (after Allen, 1964),



generating sequences less than | m thick without observable
channel margins. Between these thicknesses, however, either
channel migration or sheet flooding may seem equally likely.
The occurrence of lateral accretion (epsilon) cross-bedding is
strongly suggestive of a meandering channel especially if the
sandbody is of limited lateral extent and has steep margins. Top
bedding surfaces showing curved scroll bar ridges confirm the
interpretation when they are seen (Figs 3.38, 3.39) (Allen, 1965b;
Puigdefabregas, 1973; Nami, 1976; Nami and Leeder, 1978).

Lateral accretionary bedding is not, however, exclusively
confined to deposits of meandering systems. Allen (1983) has
shown that within complex, sheet-like sandstones of the
Devonian Brownstones of the Welsh Borders, elements of
lateral accretion can be recognized along with other elements
produced by downstream advance of transverse bars and the
development of dunes, the whole reflecting a rather wandering,
low-sinuosity system.

In addition, the absence of lateral accretion bedding should
not be taken as indicating a non-meandering system. Epsilon
cross-bedding appears to require a fluctuating discharge regime
and probably a rather fine-grained load and its recognition in
the field requires a section roughly perpendicular to flow
(Puigdefabregas and Van Vliet, 1978; Plint, 1983; Stewart,
1983). The scour associated with the superimposed bedforms on
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the point bar surface may effectively obliterate any potential
epsilon cross-bedding (e.g. Frazier and Osanik, 1961).

More sheet-like sandstones, and those with concave-upwards
bases, both of which are more readily interpreted as the
products of low sinuosity streams, tend, on the whole, to have a
less well-ordered internal organization. Many show an upward
fining, particularly in their upper parts. In some more isolated
sandbodies with concave-upwards bases, the highest parts of the
fill extend laterally beyond the confines of the channel to give
‘wings’ extending into the flanking fine member unit (Friend,
Marzo et al., 1981). The more extensive sheet-like coarse
members are commonly composite units with a hierarchy of
erosional surfaces (cf. Campbell, 1976; Allen, 1983) between
which tabular and trough cross-bedded sandstone dominates
but with little vertical ordering (Figs 3.49, 3.50). This probably
reflects the less ordered spatial distribution of bedforms on the
channel floor and also the more random patterns of channel
shifting and migration of low sinuosity and braided sandy
streams.

In an attempt to recognize some order in these sequences and
to erect a vertical sequence model to compare with the classical
fining-upwards model, Cant and Walker (1976) suggested a
model sequence which integrated both facies and palaeocurrent
information from the Devonian Battery Point Sandstone of

— 3-30m

Fig. 3.49. Sequence of sedimentary structures and textures within a
channel system of the Westwater Canyon Member of the Morrison
Formation (Jurassic) of New Mexico. Note the concave upwards bases
of the individual channels (see also Fig. 3.44; after Campbell, 1976).
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the channel systems



60 CHAPTER 3

Quebec (Fig. 3.51). This model is derived from the “distillation’
(sensu Walker, 1979) of sequences observed in a number of
separate coarse member units (Sect. 2.1.2). An essential feature
of the model is the presence of tabular sets whose dip azimuths
diverge by around 60° (maximum 90°) to either side of the
mean trough direction. These are interpreted as the results of
the highly skewed crestlines and the oblique migration of
mid-channel bars. The troughs result from dunes migrating in
inter-bar areas and over the tops of the bars during the
construction of sand flats.

Although the analysis is important in integrating the palaeo-
current and facies data, the ‘distillation” process has effectively
eliminated all information on lateral variability of facies within
the coarse members. A comparison with the South Saskat-
chewan model (Fig. 3.10) where different vertical sequences are
generated in different parts of the channel complex is thereby
weakened. In addition, the single sequence model is open to
alternative interpretation as divergent and anomalously large
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Fig. 3.50. Internal organization and larger scale erosional relationships
between channel sandbodies attributed to sandy braided stream deposi-
tion. Letter code is that of Miall (1977) (see Sect. 3.8.1), Cannes de
Roche Formation (Carboniferous) Gaspé, Quebec (after Rust, 1978).

tabular sets might also reflect scroll bars on a point bar (cf.
Jackson, 1976). Divergence of the tabular sets to both sides of
the trough mean direction, within the same channel unit should
ideally be demonstrated in order to apply confidently a South
Saskatchewan model. With no directional information, anoma-
lously large tabular sets could also reflect chute bars (Fig. 3.24).
These qualifications clearly demonstrate the need not only to
integrate facies description and sequence analysis with palaeo-
current data but also to use lateral variability to help interpreta-
tion rather than to filter it out as background noise.

Some thick channel sandstones are characterized by particu-
larly large tabular sets of cross-bedding which make up a large
proportion and in some cases nearly all the sandbody. In the
Namurian of Northern England, large fluvial distributary
channels in a delta top setting (Sect. 6.7.1) are up to 40 m deep
and of the order of | km wide (Fig. 3.52). They have steep sides
cut into finer sediments and are filled with coarse pebbly
sandstone in four facies (McCabe, 1975, 1977):
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Fig. 3.51. Facies model for the Battery Point Sandstone (Devonian,
Quebec) constructed by method described in Fig. 2.4, showing the
relationship between vertical sequences of sedimentary structures and
their palaeocurrents. The sequence has been compared with that
predicted from the modern South Saskatchewan River (Fig. 3.10) (after
Cant and Walker, 1976).









