












































52
Meandering rivers

As noted earlier in this paper, rivers can alternate between the meanderi
and braided (or even straight) condition depending on local river slope, se
ment load and flow velocity. The deposits of both environments may
interbedded in the ancient record, or at least found in close spatial proxi
ity. Such a situation has been described by severa! authors, including Moo
Stuart (1966), Bluck (1967), Kelling (1968), Friend and Moody-Stu;
(1972), Leeder (1973a), Steel (1974), Allen (1974a) and Karl (1976). It
important to distinguish the two types of fluvial deposit because this ¢
lead to refinements in paleogeographic interpretation, paleohydroloy
reconstruction and even local tectonic or climatic history. Some morpholo
cal differences between the river types were presented in Table I, and sor
sedimentological criteria are given in Table VI. The facies states present
meandering streams are similar to those described in this paper, but thi
relative abundance and vertical order are different.

TABLE VI

Differences between the deposits of braided and meandering rivers

Criterion

Braided rivers

Meandering rivers

Lateral accretion deposits

Vertical accretion
deposits

Type of scour surface

Channel abandonment
behaviour

Channel abandonment
deposit

Facies occurrence
Gm

Gt, Gp
St
Sp
Sh, Sr
Ss
Fl, Fm

Channel-fili sequences

point bars, linguoid bars,
low-water bar accretion

channel-floor bedforms
sheet flood deposits
bar-top deposits

minor overbank deposits

channel erosion

progressive, as a result of
aggradational fill

fining-upward cycle

common (longitudinal
bar deposit)

rare to common
common

common

common

rare to conmmon

rare to common

rarely >3 m

fining-upward point bars (ir
cluding epsilon crossbeds)

overbank deposits
channei-lag deposits

meander widening

sudden, as a result of mean¢
neck cut-off

fine-grained fill

rare to common (generally
as a thin lag deposit)
absent

common

generally rare

common

absent

common

commoniy >3 m




53

In some instances the differences between the two river types and their
deposits may be minimal. Thus, Allen (1970) emphasized the predominance
of point-bar accretion in meandering-river deposition but, as we have seen,
point (or side) bars can be common in the braided-river setting. Secondly,
fining-upward cycles may develop in both environments, although their
origin may be different.

Thirdly . rivers are ideally one of the four basic types described in Table
°1, bt there are exceptions. For example, Rust (1972) described a tract of
the Denjek River which is strongly meandering, yet the main channel is
internally braided ; other examples are given e=rlier in this paper.

Two difficulties have arisen in our attempts to decipher fluvial deposits: a
controversy over the relative importance of vertical versus lateral accretion,
and a confusion over the various types of autocyclic fluvial cycle that can
develop.

Moody-Stuart (1966) was the first to attempt to distinguish the deposits
of hizh- and low-sinuosity streams. These he interpreted as resulting pre-
dc:: - ntly from lateral and vertical accretion, respectively. To some extent
this interpretation has introduced a semantic confusion, because most depo-
sitional mechanisms in rivers involve elements of both processes. The impor-
tant point which Moody-Stuart (1966) and Allen (1970) emphasized, is that
high-sinuosity rivers build up their deposits mainly by accretion on bars on
the insides of meanders. High-energy deposits on channel floors are formed
at the same time as low-energy deposits on the channel margins, and to this
extent the point bar can be said to accrete laterally (Allen, 1970, Fig. 12).
Epsi'on-crossbedding (Allen, 1963) is the result. Moody-Stuart (1966) devel-
ope. an alternative model, of low-sinuosity river sedimentation, which
included the vertical facies sequence shown in Fig. 11L. This he interpreted
as the product of vertical accretion due to the gradual fill of a channel,
mainly by ripple and dune deposits. Allen (1970, pp. 311—314) disputed the
importance of vertical accretion. He pointed out that the surface of lateral
accretion may dip at such a low angle (generally less than 15° and commonly
lgss than 2°) as to be missed in most outcrops, and that no studies of modern
nvers up to 1970 had satisfactorily documented vertical-accretion processes.
Even in straight channels, Allen (1970, p. 313) argued, deposition is by
downstream migration of alternate bars within a gently meandering thalweg.

However, several recent studies have shown that significant thicknesses of
sediment can be accumulated in rivers by vertical-accretion r ;ocesses, and
these processes appear to be particularly characteristic of braided rivers. For
example, the flood deposits described by McKee et al. (1967) and G.E.
Williams (1971) were formed in ephemeral streams following severe storms,
and resulted in blanket-like accumulations of sand up to 3.6 m thick.
Secondly, work by Collinson (1970) and N.D. Smith (1970, 1971a, 1972)
has :hown that in perennial, as well as ephemeral braided streams, one of the
Most important sedimentary processes is the creation and migration of trans-
verse and linguoid bars (these advaace by lateral accretion, but not in the



54

sense of simultaneous high- and low-energy sedimentation which takes plac
on point bars). Studies of ancient deposits of the Platte type (Table V) hav
shown that tens of metres of sediment can accumulate, which consist largel
of planar crossbedded sand (Facies Sp) identical in every way to the deposi
of transverse and linguoid bars in modern rivers (N.D. Smith, 1970; Mrak
vich and Coogan, 1974; Jima sandstone of Adeleye, 1974; Asquith an
Cramer, 1975; Miall, 1976a), whereas Facies Sp generally constitutes only
minor part of the meandering river mode! (Cant and Walker, 1976, p. 116).

It is even questionable whether all the fining-upward cycles described b,
Allen (1970) are of simpie point-bar origin. Their thickness, alone, is a ca
for doubt. Five per cent of the cycles described in Allen’s paper are thick
than 20 m, which would indicate deposition in very large rivers. In at le
some of these large-scale bedfcrms such as those described by Colem
(1969) and Conaghan and Jones (1975) would have been expected, but suc
structures have not been recorded. Secondly, some of the fining-upw
sequences are nf greater complexity than would be anticipated on the bas
of Allen’s hydrodynamic model. The sand member of the cycles can
divided into four facies. If more than four facies representatives are presen
at least one of the states must be repeated, and this is the case in 35% of th
cycles studied. A maximum of thirteen facies representatives in any on
cycle was recorded by Allen (1970, Table 8). Facies repetition is indicativ
of a vertical repetition of hydrodynamic conditions, and this does not acco
with the simple model of gradational stream power and grain size develop
by Allen (1970). Cycles of this complex type are not illustrated in his s
mary hydrodynamic diagram (Allen, 1970, Fig. 18). They would seem
demand the existence of subordinate topographic features on the point-b
surface, such as swales, chutes, or additional dune or bar fields. Such a co
dition is approaching that of a braided environment, and may not represen
lateral accretion. Alternatively, some thick cycles may include multistore
units, representing the over-riding of one meander by another (Alle
1974b).

In summary, cycles of a variety of types may develop in fluvial enviro
ments: point-bar, braided channel-fill, valley-fill and flood cycles; all tend
fine upwards, and careful study is needed to distinguish each type. Pale
current analysis may be of considerable assistance in two ways, firstly, i
determining sinuosity as an aid to investigating river type (Miall, 1976a) an
secondly, in determining the orientation relationships of the various sedk
mentary structures to one another as an aid to reconstructing bedform d
namics (Cant and Walker, 1976).

There is a temptation to ascribe meandering and braided deposits in a fl
vial sequence to different climatic settings (Visher, 1976) but, as pointed ou
in the section on causes of braiding, the controls on river morphology
very complex. The situation is confused in some instances by the fact thal
the red pigmentation that is so characteristic of many continental depositt
may occur preferentially in the meandering-river deposits, braided-rive
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deposits being drab in colour. An extensive literature on the subject of red
beds (Van Houten, 1973) has shown that in some instances red colouration
can be related to an arid climate but, where the two fluvial facies, of con-
trasting colours, are interbedded, the differences cannot be climatic in
origin. Moody-Stuart (1966) describes such an example, and relates the
colour differences to varying oxidation rates induced by differences in the
Jevel of the water table.

Mar:ine rocks

Braided rivers which debouch directly into the sea are not common at the
present day. Most pass through a deltaic setting (.»ch as the Cretaceous
example described by Van de Graaff, 1972), and many evolve downstream
into meandering, suspension-load rivers as they approach base level. How-
ever. before the appearance of abundant land -egetation, deltas consisting of
broiciod distributary channels probably were abundant (Schumm, 1968a).
Ti..- -ave been termed fan deltas by McGowen (1970) and McGowen and
Scott (1974). The Proterozoic Glenelg Formation of Banks and Victoria
Islands, Arctic Canada (Miall, 1976b; Young, 1974; Young and Jeiferson.
1975) may be an example of such a deposit. It contains an zbundance of
Facies Sp and Sh, as well as interbedded units of probable tidal origin. Flores
(1975) described a Pennsylvanian example of a small deita with braided dis-
tributary channels. McGowen (1970) described a modern fan deita on the
Texas Coast.

CG..« _UDING REMARKS

The main purpose of this paper has been to develop a comprehensive
review of the braided-river depositional environment which can be used as a
framework within which to interpret ancient rocks. The recognition and
interpretation of the principal facies types and their vertical sequence as
summarized herein, should be of particular utility in this regard, both in sur-
face outcrops and in subsurface cores.

=voral aspects of fluvial sedimentology have been deliberately omitted
.fl'om this review because they are not critical to the main theme. General-
1zed grain-size information has been included, but the analysis of cumulative
Probability distribution curves has not been included for two reasons. In
spite of several comprehensive papers on the subject (Visher, 1969; Glaister
and Nelson, 1974) curve analysis still does not appear to provide unambiguous
environmental interpretations, and the technique is cumbersome in that it
¢annot be applied in the field but depends on extensive laboratory analysis.

Hydrodynamic analysis of bedforms is a subject about which much has
Yet 10 be learned. Some general remarks have been included herein and they
Serve to illustrate the great hydrodynamic variability that characterizes the
braided environment.

e —




Following from hydrodynamic interpretations of individual bedforms. t!
next step is the reconstruction of the hydrology of the river or rivers vhi
deposit a given fluvial unit. Estimation of river depth, width, discharge ar
drainage area can now be attempted, using the empirical relationships pi
vided by Schumm (1972) amongst others (although Schumm’s equatio
are most accurate only for small streams). An example of such an attem
was provided by Miali (1976a). A difficulty in braided-stream deposits is t
scarcity of clear indicators of water depth. Previous paleohydrologic analys
(Allen, 1965; Schumm, 1968b: Cotter, 1971, Friend and Moody-Stu
1972, Leeder, 1973b) have used the thickness of sand units in point-b
fining-upward cycles as an estimator of flood depth. As has been shown
this report certain braided-st eam deposits (particularly those of the Donj
type) contain cycles the thickness of which depends on channel depth,
that at least in these cases the difficulty can be overcome.

A widely accepted definition of bars and bedforms has yet to be dev
oped, and some confusion will continue to arise so long as this is the cas
An attempt has been made here to use terms that are in the most general u
and to avoid subdividing types into categories that could not readily
recognized in the ancient record given the types of outcrop normally av
able to us.

Many of the studies of modem rivers upon which this review is based h
as their subject relatively small rivers, and it may be thought that their ge
logical significence is low. However, as Bluck (1971, p. 94) pointed ou
“small streams are numerous on the flood plain areas of larger rivers, so th
they may contribute much sediment’. Another important point is th
ancient fluvial deposits obviously record situations of net aggradatio
whereas many of the modern rivers that have been investigated are located
actively degrading mountain belts. The significance of this difference
terms of sedimentary processes has yet to be determined.

New research in braided rivers should concentrate on refining our unde
standing of their hydrodynamics. [t would also be particularly useful if so
modern deposits, particularly of large rivers such as the Kosi and Brahm
putra, could be cored in order to gain some ideas concorning the preserv
tion potential of some of the facies and sequences discussed in this paper.
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BACKGROUNDS O GEOLOGY

ccC. - ‘on [Edr ), 1975. Philesophy of
Geohiszoiy. 1785 970. Benchmark Papers
in Geology. Dow .n, Hutchinson and Ross,
Stroudsburg, F and Wiley, Chichester,
xiii + 386 pp.  ~ 13.00.

This book 1s one 1n the well known and
generally highly regarded “'Benchmark Papers
in Geoloqy '* series whose object is ""to gather
into =~ » volumes the critical matenal
neec. reconstruct the background to
any :iu cvery major topic’’ within the Earth
sciences. With such a wide-ranging aim, a
velume on the philosophical-historical as-
pects of geology was only to be expected,
although it is both a surprise and a pleasure
to find it coming so early in the series. In it,
the Editor has collected together 15 geo-
philosophical writings originc!ly published
betweer 1785 and 1970.

T - 00k opens with a scene-setting
artic . .n the discovery of time in which
Touimin (1962) discusses the earlier geo-
logical revolution initiated by Hutton and
Lvell and relates it to the more general eight-
€enth century revival of interest in history.
Next comes the long abstract in which
Hutton himself (1785) anticipated (anony-
Mously) mosit of the conclusions of his

I;Theorv of the Earth’’ published three years
ter

Star:: .
the

© Albritton’s view, the conclusions are
wore clearly in the abstract than in
ater book; and it is certainly widely
accepted that Hutton was not at his bestn

comr ucation by the written word. Indeed,
the arly propagation of bhis 1deas owes
r ch to their retailing and development in

ayfair's “lllustrations of the Huttonian
Theory of the Earth” (1802), excerpts from
which form the third article here.

The fo th arucle is an extract from

iciples of Geclogy' in which he
propounds the principle of umiformitarian:
ism, and this 1s followed by Whewell's
detfence of catastrophism. This juxtaposition
is all the more remarkable in that both state-
ments were originally published in the same
year (1872). Next comes Chamberlin’s
famous essay '‘The Method of Muluple
Working Hypotheses” (1890) which s
followed by Gilbert's application (1896) to
the specific problem of the origin of Meteor
Crater, Arizona. The eighth article is Davis’s
equally famous "“The Value of Outrageous
Geological Hvpotheses” (1926) in which he
stresses the importance of speculation in the
Earth sciences. The following artici is then
provided by Johnson (1933), one of Uawvis's
students, who returns to consider the method
of multiple working hypotheses.

The final six articies are more modern.
First, Mackin (1963) discusses rational and
empirical methods of investigation in geol-
ogy, and then Anderson (1963) analyses the
use of the principle of simplicity in histori-
cal geology. Next are three essays on the
debate betwern the uniformitarianists and
catastrophists. Hubbert (1967} traces the his-
tory of uniformitarianism, Simpson (1970)
discusses the same principle in some detail
and Hooykaas (1970) re-examines the
catastrophist viewpoint in a more sympa-






