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Fluvial landforms and processes in Scotland 

FLUVIAL LANDFORMS AND 
PROCESSES IN SCOTLAND 
A. Werritty and L.J. McEwen 

Introduction 

Scottish rivers afford a richer variety of process, 
form and pattern than other UK rivers because of 
the greater diversity of environments within which 
they have evolved. This arises because of deeply 
dissected relief (particularly to be found in the 
Scottish Highlands), the juxtaposition of reaches 
from highland, upland and lowland environments, 
and the marked rainfall gradient across Scotland 
from west to east (see Figure 1.1a). This chapter 
will examine the specific geomorphic controls that 
govern the operation of fluvial processes in 
Scotland, together with the spatial and temporal 
patterns of the resulting river systems. It will also 
examine the conservation issues that arise in the 
management of Scotland's rivers and explain the 
rationale and justification adopted for the selection 
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Figure 2.1 Mean annual flood scaled by drainage area 
for Scottish rivers. 

of fluvial geomorphology GCR sites in Scotland. 
The general approach to site selection involved 

two contrasting components. Some sites were 
selected on the grounds that they represented the 
best sites of their class within Scotland and as such 
were `unique'. Other sites were chosen because 
they were typical of a widespread and geomorpho-
logically significant class of sites. These two 
categories of sites taken together afford a bench-
mark for past and future fluvial studies within 
Scotland. The majority of the sites chosen have been 
the subject of intensive localized research. Other 
potentially noteworthy sites have undergone less 
detailed analysis and thus provide a set of significant 
sites for future research. Additional sites, at present 
devoid of adequate information, are not included in 
the current list of GCR sites, but are recognized as 
being significant in terms of this review. 

The distinctive geomorphology of 
Scottish rivers 

The assertion that Scotland's rivers afford a richer 
variety of process, form and pattern than rivers in 
other parts of the UK clearly requires justification. 
In terms of the hydrological setting for Scottish 
rivers, a marked west-east precipitation gradient 
exists, with Glen Quoich having a mean annual pre-
cipitation > 3000 mm but Aberdeenshire, Fife and 
Berwickshire recording < 700 mm (see Figure 
1.1 a). This, when combined with generally low 
evapotranspiration losses, results in parts of the 
NW Highlands recording rainfall : runoff ratios 
> 75% and the majority of Scotland recording 
ratios > 50% (see Figure 1.1 b). This is in marked 
contrast to East Anglia where rainfall: runoff ratios 
can be as low as 25% (Ward, 1981). This close rela-
tion between rainfall and runoff becomes even 
clearer when mean annual flood values (standard-
ized for area) are mapped, revealing extreme values 
for high-rainfall areas in the SW Grampians and NW 
Highlands and very much lower values in the drier 
south and east (Figure 2.1). This rainfall-controlled 
pattern of runoff gives the River Tay by far the 
largest mean flow for any river in Britain 
(152 m3s-1), although in terms of drainage area it 
ranks only third (Ward, 1981). 

Given this pattern of runoff, it might be 
expected that the largest and most powerful rivers 
would also be located in the NW Highlands and SW 
Grampians. But this is not the case because of the 
extremely asymmetric location of the main 
east-west watershed in Scotland (Figure 2.2). This 
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Figure 2.2 Drainage prior to the glacial stages of the Pleistocene. (After Sissons, 1967.) 

asymmetry has arisen because the most active ice 
streams during the Pleistocene operated from an 
east-west iceshed located close to the present-day 
watershed. This in turn was inherited from a water-
shed that developed during the latter part of the 
Tertiary (George, 1965; Sissons, 1967). To the west 
of the present-day watershed, steep and relatively 
short icestreams produced a series of deeply incised 
glaciated valleys often with hanging tributary valleys 
(e.g. Glen Coe). Following deglaciation, the rela-
tively short river systems in this part of Scotland 
have merely occupied courses previously excavated 
by the major icestreams. In contrast, the largest 
rivers in the Highlands (e.g. River Tay, River Spey 
and River Dee) flow eastwards from the main water-
shed and it is only in the Southern Uplands that the 

watershed between the River Clyde and River 
Tweed is more symmetrically located (Figure 2.2). 

Another significant legacy of repeated 
Pleistocene glaciation is the calibre of the bed 
material, with many of the large rivers of Scotland 
having gravel beds down to their marine limits (e.g. 
the Spey, Tay and Tweed). This arises not because 
such material is continuously transported from 
source to mouth but because lateral channel migra-
tion constantly reworks the Late Quaternary glacial 
and glaciofluvial deposits adjacent to the valley 
floors. A further inherited glacial feature is that 
many of the upper reaches of upland channels are 
cut directly into bedrock, these occasionally being 
so confined that they represent the courses of 
former subglacial meltwater channels (e.g. 
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corrieshalloch Gorge on the River Droma and 
Randolph's Leap on the River Findhorn). Such for-
mer meltwater channels are a persistent element in 
the upper reaches of many Highland rivers, pro-
ducing stepped long profiles in which alluvial 
reaches occupy a series of basins separated from 
each other by bedrock sections. The precise pat-
tern of such alternating alluvial and bedrock 
channels owes much to differential glacial erosion 
during the Devensian and is exemplified particu-
larly well in the Middle and Lower River Findhorn 
and the Tay-Tummel-Garry river system. 

Another result of selective glacial erosion is the 
presence of many lochs within river courses. A 
striking example of this is the Tay drainage system 
with four lochs > 0.1 km3  in volume (Murray and 
Pullar, 1910). These lochs have a two-fold impact 
in terms of fluvial processes: they serve to dampen 
flood waves and thus reduce the potential stream 
power in the lower reaches of major river systems, 
and they also act as sediment traps (McManus and 
Duck, 1988). However, not all lochs contained 
within major river systems owe their origin to 
glacial scouring; others (e.g. Lochs Insh, Alvie and 
Morlich within the River Spey drainage system) are 
former large kettle holes which, on final deglacia-
tion, became incorporated into the present-day 
drainage system. 

Fluvial processes: spatial patterns 

A variety of channel types arises from the operation 
of the major controls analysed above and these in 
turn generate a number of distinctive spatial patterns 
(Werritty et al., 1994). In an idealized sequence such 
as that described by Geikie (1865), a typical Scottish 
river originating in the Highlands and flowing to the 
sea will commence as a boulder-bed torrent, often 
interrupted by bedrock reaches. Such a channel will 
be relatively stable over short timescales and subject 
to major episodic adjustment only during rare 
extreme floods (e.g. the Allt Mor, Glenmore; 
McEwen and Werritty, 1988). In addition, many 
upland channels pass through `alluvial basins' 
(glaciated valley floors infilled with alluvium) which 
are often separated from each other by further 
bedrock reaches; for example Glen Derry (McEwen, 
1986) and Abhainn an t-Srath Chuileannaich. 
Downstream from these initial channel types, the 
reduction of bed material size and channel slope is 
often combined with a widening of the valley floor. 
This typically results in a low-sinuosity wandering 
gravel river which, depending on local controls, may 

exhibit both divided and undivided channels of vari-
able sinuosity, for example the Rivers Tulla and 
Feshie (Bluck, 1976; Werritty and Ferguson, 1980) 
and Dorback Burn (Werritty, 1984). In sediment 
transport terms such reaches are bedload channels, 
but the number of competent transport events in 
any year will vary greatly according to bed material 
size and the associated entrainment function 
(Ferguson and Ashworth, 1991). 

The supply of bed material from tributary valleys 
and the location of undercut terraces adjacent to 
the valley floor also controls the degree of channel 
stability (e.g. on the upper River Findhorn and the 
upper River Dee). In such reaches the channel is 
overwhelmingly an alluvial channel reworking its 
floodplain and only occasionally confined by 
bedrock reaches and gorge-like sections. Moving 
further downstream, the channel may be inter-
rupted by a loch which acts as a sediment trap; for 
example the River Balvag and Loch Lubnaig (Duck, 
1984). However, the channel gradient downstream 
of the outfall combined with a renewed sediment 
supply from banks and tributary streams usually 
ensures that the river continues to display many of 
the characteristics noted above. 

Truly lowland reaches constitute only a relatively 
small proportion of the total channel length of an 
idealized large river system in Scotland. This arises 
because lowland areas are confined to a narrow 
coastal fringe around the Highlands and Southern 
Uplands and become extensive only within Central 
Scotland. In this central belt, in contrast to their 
upland counterparts, lowland rivers are generally 
characterized by sand-sized rather than gravel beds. 
Low channel gradients plus river training along 
many reaches mean that these channels are highly 
stable and it is only rarely that major reworking of 
the floodplain occurs (e.g. the River Clyde at 
Carstairs (Brazier et al., 1993) and the lower 
Endrick Water (Bluck, 1971)). Nevertheless, 
bedrock controls can still provide dramatic changes 
in channel type, and gorge-like reaches are locally 
significant even in the Central Lowlands (e.g. the 
River Clyde at Falls of Clyde and the River Devon at 
Rumbling Bridge). The final sections of the major 
river systems which terminate in the Central 
Lowlands are the well-known firths or estuaries (e.g. 
Firth of Tay) which serve as major long-term sedi-
ment stores. 

Such is the sequence of channel types in an ide-
alized large Scottish river system originating in the 
Highlands or Southern Uplands and terminating at 
the coast, but other types of channel exist along-
side this idealized model. Three types which are 
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especially important are `integrated', `discordant' 
and `progressive' channel systems. The integrated 
system typically occurs in upland areas and 
comprises a sediment source, a transportational 
reach and a depositional sink all within a small area 
of only a few square kilometres (cf. Schumm, 1977, 
fig. 1.1). The sediment sources are often areas of 
deeply dissected till, while the depositional sinks 
take the form of major alluvial fans. In these inte-
grated drainage systems, the sediment source and 
the depositional sink are end members of a 
sequence in which channel morphology and 
processes rapidly change downstream. There may 
be abrupt changes in control within this marked 
downstream change. The concept of an 'inte-
grated' system is therefore scale dependent. 

When considering river systems at a larger scale, 
both `discordant' and `progressive' systems are 
important categories. The former type of channel 
system occurs when the hydraulic and sediment 
controls change abruptly at the point at which the 
river emerges from an upland into a lowland envi-
ronment and only the transportational reach (using 
Schumm's terminology) undergoes change. In this 
situation, the channel is transformed from a steep, 
low-sinuosity, gravel-bed channel with a large 
width : depth ratio into a gently sloping, sinuous 
fine-grained channel which is stable and has a small 
width : depth ratio. Locally, the channel capacity is 
reduced, resulting in a greater incidence of over-
bank floods. Such sudden changes in downstream 
hydraulic geometry are likely to be quite common 
in the Scottish uplands. 

In contrast to systems characterized by abrupt 
changes, there are those where change is more 
progressive. Occasionally, the transition from a 
coarse-grained active upland channel to a fine-
grained stable lowland type of channel occurs 
within a few kilometres in response to a local base-
level control, even within upland environments 
(e.g. the Abhainn an t-Srath Chuileannaich). In this 
situation, the downstream reduction in channel 
slope is associated with decreases in bed material 
size, bedload transport and width : depth ratios 
together with a transition from braided to mean-
dering channel patterns. The Allt Dubhaig, the 
River Derry and the River Coe all display this 
response in varying degrees to an imposed base-
level control (Ferguson and Ashworth, 1991; 
McEwen, 1986, 1994b). Where there is a stepped 
sequence of alluvial basins, there may be a series of 
these transitional reaches down the same river (e.g. 
the Lui catchment or Clunie Water, Deeside; 
McEwen, 1986). 

The glacial legacy and recent climatic history of 
Scotland (see the section on geomorphology of 
Scottish rivers, above) exercise a strong control on 
the pattern of downstream fining. Scottish rivers 
(e.g. the upper River Dee, River Feshie and River 
Findhorn) do not display classic progressive down-
stream fining throughout their length. Instead, 
there is local fining, often within the context of 
glacially eroded basins that have subsequently been 
infilled by alluvium and which display a local base-
level control (e.g. lower Glen Derry and the Allt 
Dubhaig). The triggers that induce a local coarsen-
ing of bed material downstream are lateral inputs 
derived either from glacigenic sediments (on or 
adjacent to the valley floor), or from alluvial fans at 
the mouth of steep tributary valleys. It is rare that 
downstream fining develops more than a few kilo-
metres before one or other of these disturbing 
controls exerts an influence (Werritty and Inglis, 
1985). For similar reasons, the long profiles of 
Scotland's larger rivers (e.g. the River Tay) do not 
conform to the familiar concave up model, but 
instead comprise a series of concave segments, 
often linked by steeper units where the river flows 
through a bedrock-controlled section. 

In terms of specific types of channel patterns, a 
rich variety has been identified for Scottish rivers. 
The traditional distinction between `braided' and 
`meandering' channels (Leopold and Wolman, 
1957) is inappropriate for many rivers in Scotland, 
since a given reach often exhibits both types of pat-
tern simultaneously; or, if studied over a number of 
years, reveals an alternating development of 
divided and undivided channels of varying sinu-
osity (Werritty and Ferguson, 1980). Bluck (1976), 
in his general model of low-sinuosity Scottish 
rivers, has produced a series of transitional channel 
types from an initially braided to a fully developed 
meandering planform (Figure 2.3). Robertson-
Rintoul (1986a) has gone even further and argued 
that each of these patterns represents the end 
members from a continuum of channel types 
which can be characterized solely in terms of total 
sinuosity. A channel typology specifically designed 
for upland Scottish rivers has been developed by 
McEwen (1994a) taking note of these distinctive 
features, and this typology forms the basis for site 
selection described later in this review. 

Fluvial processes: temporal patterns 

Different Scottish fluvial environments are charac-
terized by varying rates of temporal adjustment in 
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Figure 2.3 An idealized downstream sequence of bar 
types in a gravel-bed river. (After Bluck, 1976.) 

response to flow resistance, entrainment thresh-
olds and local stream power. Flow resistance and 
entrainment thresholds, both dependent upon bed 
material size, are largely inherited from local pat-
terns of deglaciation (see the section on 
geomorphology of Scottish rivers, above). Stream 
power, on the other hand, is controlled by channel 
gradient and runoff, with Highland Scotland regis-
tering some of the highest values in Britain 
(> 100 Wm-Z; Ferguson, 1981). These two sets of 

controls on channel type should be regarded as 
continua rather than discrete states. However, for 
reasons of clarity in discussing rates and modes of 
temporal adjustment, only the four end members 
are presented in detail below. 

A: High-energy: high-threshold environments 

These fluvial environments are characterized by 
episodic bursts of intense activity interspersed with 
periods of relative quiescence and are represented 
in Scotland by alluvial fans and mountain torrents. 
Such sites are reworked by extreme floods typically 
produced by low-frequency, high-intensity rainfall 
(see Ferguson, 1981; McEwen and Werritty, 1988; 
Acreman, 1991). The seasonality of such floods and 
associated high rates of geomorphic activity varies 
across Scotland (see McEwen, 1986; Black, 1992). It 
is clear, however, that the landforms produced dur-
ing such rare events tend to persist in the landscape 
since, under normal flow conditions, the river is not 
competent to undertake major geomorphic work 
and re-establish former equilibrium conditions. 

B: High-energy: low-threshold environments 

This combination results in the highest rates of 
channel adjustment since, under these circum-
stances, floodplains and low-angle alluvial fans can 
rapidly be reworked, resulting in frequent channel 
migration (Ferguson and Werritty, 1983; Werritty 
and Brazier, 1991b). Detailed chronologies of 
deposits related to earlier fluvial activity are not 
usually evident since they are progressively 
destroyed (Brazier and Ballantyne, 1989). 

C. Low-energy: high-threshold environments 

Such environments, which are very common 
across Scotland, result in stable channels which dis-
play little change even throughout the whole of the 
Holocene. Very often this arises because bed mate-
rial inherited from deglaciation is very coarse, and 
the present-day river is not competent to transport 
this material except under exceptionally rare 
floods. The channel will thus remain relatively 
unmodified by present-day processes. Such chan-
nels characterize the middle reaches of many 
Scottish river systems (McEwen, 1986). 

D. Low-energy: low-threshold environments 

This final class is characterized by sites which 
record slow progressive change in response to the 
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crossing of intrinsic thresholds. An example of 
such a site would he a lowland meandering stream 
where progressive sedimentation eventually leads 
to the breaching of meander necks. The adjacent 
floodplain typically displays oxbow lakes and 
ridges and swales as evidence of former channel 
alignments (Brazier et al., 1993). These palaeo-
forms are often well-preserved on account of the 
low rates of channel migration. 

The extent of geomorphic interest in sites within 
each of these four classes depends on the specific 
interests of the geomorphologist, the timescale 
under consideration and the spatial scale of the 
study. Thus far, categories A, B and D have pro-
vided the most profitable sites for fluvial research 
in Scotland. 

It is important to note that the fluvial controls 
and responses at any given site will have under-
gone change throughout the Holocene. Such 
changes in channel regime may arise from both cli-
matic and land-use changes as well as from the 
incidence of rare, random high-magnitude events 
and may be active over a variety of timescales. In 
Scotland, climatic and land-use changes frequently 
take place side by side, thus making the relative 
attribution and interpretation of cause and effect 
difficult (Ballantyne, 1991a,b). In terms of climatic 
change, the major adjustments of the fluvial system 
have been in response to changing discharges and 
sediment supply following deglaciation of the Late 
Devensian (c. 13 000 BP) and the Loch Lomond 
Stadial (c. 11 000-10 000 BP) ice sheets. As a result 
many Scottish rivers have experienced a paraglacial 
phase (Church and Ryder, 1972) which has gener-
ated intermittent sediment stores within the river's 
long profile. Such stores locally determine both the 
calibre and the volume of sediment which can be 
reworked by present-day fluvial processes. The 
resulting pattern of sediment transport is often 
highly episodic and has been likened to the move-
ment of a `jerky conveyor belt' (Newson, 1989). 
The net result may be akin to the passage of large-
scale sediment waves documented by Church 
(1983) on the Bella Coola River in British 
Columbia. Subsequent adjustment to these changes 
in regime is often evident through phases of aggra-
dation and incision, resulting in staircases of 
terraces, some of the best examples being those 
along the Rivers Findhorn and Feshie. The specific 
impact of the glacial legacy varies according to dif-
ferences in the regional and local glacial history; 
thus that for the Cairngorms differs from that for 
the Southern Uplands (Sissons, 1976). 

Over a shorter timespan, research has focused  

on the geomorphic impact of enhanced flood fre-
quency during the Little Ice Age (c. 1430 - 1850). 
Increased rates of channel and slope activity asso-
ciated with this climatic change have been 
identified in some regions (Innes, 1983, 1985; 
McEwen, 1989a, 1994b; Brazier and Ballantyne, 
1989), but further work is required to establish a 
more general regional picture. 

Land-use changes can also cause major changes 
in fluvial controls that are identifiable over differ-
ent timescales. The development of a vegetation 
cover in the Early Holocene reduced sediment sup-
ply from slopes and many fans and debris cones 
became stabilized (Brazier et al., 1988). By con-
trast, within the past 200 - 300 years biotic 
land-use changes (such as deforestation in smaller 
catchments (Steven and Carlisle, 1959) and acidic 
deposition on vulnerable upland mosses 
(Battarbee, 1984)) may have resulted in increased 
runoff rates and a new phase of slope instability. In 
recent decades the Forestry Commission has under-
taken downslope ploughing prior to planting 
conifers and this has locally generated more flashy 
runoff (Werritty et al., 1993) and accelerated soil 
erosion (Battarbee et al., 1985). Within individual 
catchments, such land-use changes may lead to 
either a new phase of activity in previously stable 
or stabilizing environments, or increased activity in 
those sites which are already active (e.g. debris 
cones and alluvial fans; Brazier, 1987; Innes, 1982). 

River management and conservation 
in Scotland 

The geomorphological features of Scotland's rivers 
may be subject to a variety of potentially damaging 
human activities, the cumulative impacts of which 
are difficult to judge. These activities can affect the 
catchment, river corridor and the channel, and 
include mineral extraction, afforestation/deforesta-
tion, land drainage, regulation and flood control 
(Werritty et al., 1994). The task of balancing the 
livelihoods of land-owners and floodplain occu-
pants against the statutory obligation to conserve 
scientifically important reaches of rivers placed 
upon Scottish Natural Heritage (SNH), is further 
complicated by uncertainty in terms of the nature 
and impact of climate change. There is growing 
evidence of increased winter precipitation over the 
past two decades, with winter runoff in northern 
Scotland being 18.3% higher in 1979 - 89 as com-
pared with 1969 - 78 (Arnell et al., 1990). Smith 
and Bennett (1994) reached a similar conclusion, 
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with the River Tay registering a 40% increase in 
annual runoff between 1970 and 1989. There has 
also been a striking clustering of large floods since 
the late 1980s, with those on the Rivers Spey in 
1990 and Tay in 1991 and 1993 being especially 
noteworthy (Black and Anderson, 1994). This may 
herald a period of increased flooding with signifi-
cant implications in terms of both geomorphic 
activity and river management. 

The traditional response of the statutory conser-
vation agencies, as reflected in this volume, has 
been to adopt a site-based approach to the conser-
vation of scientifically important river landforms 
and processes through the SSSI system (all GCR 
sites being proposed for such designation). Such 
sites are accorded protection under planning legis-
lation and under the 1981 Wildlife and Countryside 
Act. In practical terms, the conservation of relict 
landforms and active or dynamic river environ-
ments requires different approaches (Werritty et 

al., 1994). Not all relict landforms are vulnerable to 
all 'potentially damaging operations', their vulnera-
bility being jointly determined by the sensitivity of 
the landform in question and the type of develop-
ment being proposed (see Werritty and Brazier, 
1991a). However, if damaged or destroyed, they 
will not reform since the processes that formed 
them are no longer active. 

Conservation management of dynamic fluvial 
environments is more complex. The key strategy 
here is to ensure the survival of the character 
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Figure 2.4 The distinction between 'robust' and 
'responsive' behaviour and the two types of geomorphic 
threshold. A,C: Robust behaviour — the river repeatedly 
crosses intrinsic thresholds, but the overall response is 
stable within limiting thresholds; negative feedback reg-
ulates change; landforms retain stable identity as they 
form and reform. B: Responsive behaviour - in response 
to externally imposed change, the river moves across the 
extrinsic threshold to a new process regime; landforms 
in original regime A are destroyed and replaced by new 
landforms created in regime C. (After Werritty and 
Brazier, 1994.) 

and behaviour of dynamic process environments, 
but not necessarily the preservation of ephemeral 
individual landforms. The concepts of geomor-
phological 'sensitivity', 'responsiveness' and 
`robustness' are proving to be valuable tools in 
developing this strategy (Schumm, 1991; Werritty 
and Brazier, 1994). These concepts identify the 
range of potential responses to externally imposed 
threats. Such threats include the effects of both cli-
matic and land-use changes operating either 
directly on the channel or within the wider catch-
ment area. The nature of the active geomorphic 
system and its limiting thresholds (Figure 2.4) can 
then determine whether the system absorbs the 
externally imposed change (robust) or is sensitive 
to it (responsive). If the system is responsive, then 
the initial process regime may cross an extrinsic 
threshold into a new process regime in which a 
very different assemblage of landforms is likely to 
develop. Such changes could be exemplified by an 
aggrading reach of a river trenching as a result of 
sediment depletion, or a once braided river 
becoming increasingly sinuous on account of 
changes in sediment supply or river flow control. 

Site typology adopted for Scottish 
sites 

In selecting a suitably flexible typology to encom-
pass the range of Scottish river channels and to 
form the basis for GCR site selection, it has been 
necessary to include sites which display either typ-
ical or unique characteristics (see McEwen, 1994a). 
It is also important that sites representative of low-
land and upland areas should be included, thus 
displaying the full range of fluvial controls. The 
classification of channels is not designed to be one 
of mutually exclusive categories; in fact, the most 
interesting sites frequently fall into several cate-
gories. Further details on the form of the typology 
and the adopted classification for each site are 
shown in Tables 2.1 and 2.2, the location of each 
site being shown in Figure 2.5. It is not appropri-
ate to include the full range of sites on both tables; 
sites have been included on the basis of applicable 
site selection criteria. Sites which have not finally 
been included in the current GCR list but which 
still rank as significant examples of their kind 
are included in the discussion below. These may 
constitute potential Regionally Important 
Geomorphological Sites (RIGS). 

The major subdivision which can be made ini-
tially is that between bedrock and alluvial 
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Figure 2.5 The fluvial geomorphology sites selected for 
the GCR in Scotland. Sites are as numbered in Table 2.1, 
together with four sites featured in Table 2.2: 25 Allt 
Coire Gabhail; 26 Findhorn Terraces; 27 North Esk and 
West Water palaeochannels; and 28 Glen Roy, Glen 
Spean and Glen Gloy. 

channels (Table 2.1). Little systematic work has 
been done on the bedrock gorges in Scotland cut 
by meltwater during at least one phase of deglacia-
tion. The most impressive upland slot gorge is that 
at Corrieshalloch in Wester Ross, which is excep-
tional in both its length and depth (Kirk et al., 
1966). Randolph's Leap on the River Findhorn is 
also particularly interesting on account of its 
detailed morphology and its relation to a series of 
extreme floods. Other significant sites include the 
Black Gorge near Evanton and the Linn of Dee near 
Braemar. The Falls of Clyde are unique in that they 
form a major slot gorge in the middle reaches of a 
large Scottish river. Not all bedrock sections, how-
ever, fall into this category; some being associated 
with a broadening of the channel perimeter rather 
than channel confinement, for example the Falls of 
Dochart. The waterfall category also reveals many 
potential sites, but few with detailed analysis of the 
geomorphic controls. The Grey Mare's Tail in 
Moffatdale is thus selected as a classic example of a 
hanging valley. The Falls of Glomach in Wester 
Ross is also significant, principally in terms of its 

height, but it is not included in the current list of 
sites in the GCR. 

Alluvial channels are subdivided into divided 
channels and sinuous channels using the classifi-
cation of Kellerhals, Church and Bray (1976), thus 
avoiding some of the problems associated with tra-
ditional definitions of channel patterns (see the 
section on fluvial processes, above). The selected 
sites range from the straight River Balvag and irreg-
ularly meandering River Glass to the highly 
tortuous Derry Burn, Endrick Water and middle 
River Clyde. The degree of planform regularity of 
each river is variable and is determined by differ-
ent local controls (i.e. sediment size, slope, lateral 
confinement and degree of entrenchment). 
Meandering is demonstrated at contrasting spatial 
scales. 

Divided channels range from those with little or 
no localized subdivision through typical wandering 
gravel-bed rivers, such as Dorback Burn, to the 
unique highly divided planform associated with the 
River Feshie and its alluvial fan at the confluence 
with the River Spey. At the highly divided end of 
the continuum, the lower River Spey is an unusual 
fluvial environment with an extensive, actively 
braided section right down to the river's mouth 
(Lewin and Weir, 1977). In terms of the complexity 
of channel subdivision, this site, together with the 
River Feshie, represents the closest analogue to a 
sander-type environment extant in Britain. 

Additional characteristics that make Scottish 
rivers geomorphologically interesting are also 
included in the GCR site selection (Table 2.2). Sites 
which display classic fluvial sedimentary facies 
include the Endrick Water near Drymen, where 
Bluck (1971) has undertaken a major study on 
fluvial sedimentation associated with fine-grained, 
point bar deposits. The Alit Coire Chailein, in con-
trast, has developed within a coarse-grained 
environment yielding diagonal and finger bars 
(Bluck, 1987). Another potential site on a coarse-
grained river, the Tulla Water, however, was 
subject to river training during the mid-1980s. Prior 
to the engineering works, the site had sustained a 
long-term geomorphic study (Bluck, 1976). A 
fluvial site probably unique in Scotland is the Allt 
Coire Gabhail in Glen Coe, where a landslide has 
blocked a hanging valley, thereby affording an 
interesting opportunity to assess long-term sedi-
mentation rates. 

Another category of sites is that in which rivers 
display rapid downstream changes in sediment 
size, slope and channel confinement. As discussed 
above (see the section on fluvial processes), these 
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Sites 

1 Corrieshalloch Gorge 

2 Falls of Clyde 

3 River Findhorn at Randolph's Leap 

4 Falls of Dochart 

5 Grey Mare's Tail 

6 River Clyde meanders 

7 Strathglass meanders 

8 Abhainn an t-Srath Chuileannaich 

9 Endrick Water 

10 Derry Burn 

11 River Balvag delta 

12 Lower River Spey 

13 Glen Feshie composite site 

14 Alit Dubhaig 

15 Dorback Burn 

16 Glen Coe composite site 

17 Luibeg Burn 

18 Alit Mor/River Nairn 

19 Alit Mor/River Druie 

20 Quoich Water alluvial fan 

21 Alit a' Choire 

22 Eas na Broige debris cone 

23 Alit Coire Challein fan 

,d Oldhamstocks Burn 

Alluvial channels ,edrock rivers 	 Alluvial rivers  with high slopes 
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Fluvial landforms and processes in Scotland 

Table 2.1 GCR site selection criteria for fluvial geomorphology in Scotland: channel and planform typology. (After 
Kellerhals et al., 1976.) 

can be subdivided into `discordant', `progressive' 
and `integrated' systems. Channels associated with 
abrupt discontinuities in these controls where 
streams emerge from upland to lowland environ-
ments are termed `discordant' channel systems. At 
present only one such site, the Allt Mor on the 
upper River Nairn, has been studied. This is a par-
ticularly good example of the category; within a 
few kilometres, the channel is transformed from a 
highly active, coarse-grained, wide and shallow 
channel to a stable, fine-grained, narrow sinuous 
channel. 

Channels in which the transition is triggered by 
local base-level control often display a more grada-
tional change, with highly divided active channels 
being transformed into active and then inactive 
sinuous channels in a `progressive' system. The Allt 

Dubhaig displays all of these channel patterns prior 
to its inflow into Loch Garry. By contrast the Derry 
Burn and the River Coe exhibit part of this 
sequence only, prior to flowing into a bedrock 
gorge and Loch Achtriochtan respectively. 

A downstream change of channel form at a 
rather different scale is provided by examples of 
`integrated' channel systems with the sequence of 
headwater sediment source (deeply incised till 
units), transportational reach and depositional sinks 
(alluvial fans) occurring within a few kilometres. 
Excellent examples of this type can be found in Alit 
a' Choire on the River Findhorn and Allt Coire 
Chailein within the River Orchy river system. 

Sites that are at the interface between different 
types of geomorphic activity have also been the 
object of geomorphic research. The interface 
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Table 2.2 Geomorphologically distinct characteristics of fluvial geomorphology GCR sites in Scotland. 

Downstream 	Interface 	Geomorphic 	Fluvial 	Evidence as to Lateglacial 
changes 	between 	impact of 	adjustment 	and Holocene fluvial 

in fluvial controls 	geomorphic 	floods 	over historic 	adjustment 
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River Clyde meanders 

Strathglass meanders 

Abhainn an t-Srath Chuileannaich 

Endrick Water 

Derry Burn  

River Balvag delta 

Lower River Spey 

Glen Feshie composite site 

Alit Dubhaig 

Dorback Burn 

Glen Coe composite site 

Luibeg Burn 

Alit Mor/River Nairn 

Allt Coire Gabhail 

Alit Mor/River Druie 
I 

Quoich Water alluvial fan 

Alit a' Choire 

Alit Coire Challein fan 

Eas na Broige debris cone 

Oldhamstocks Burn 

Findhorn terraces 

North Esk and West Water palaeochannels 

Glen Roy, Glen Spean and Glen Gloy 

between slope and fluvial systems is frequently 
characterized by gullies, debris cones, alluvial fans 
and mountain torrents, where sediment is fed 
directly into a river system. Actual sediment inputs 
may be either progressive, through continuous 
weathering processes, or episodic with major 
inputs from point sources during high flows. The 
Oldhamstocks gullies near Dunbar which are 
deeply entrenched into an easily eroded conglom-
erate provide, albeit on a smaller scale, many of the 
characteristics of classic semi-arid badlands. Such 
gullying is locally common in weathered bedrock 
in the Southern Uplands and in till in the Highlands 
(e.g. Allt a' Choire). The Feshie cones, supplied 
from active gullies and undercut by the present 
River Feshie, afford excellent examples of debris 
cone development while the Eas na Broige cone, a 

fluvially modified debris cone in Glen Etive, is a 
good example where both sediment supply and 
the dominant geomorphic regime have changed 
during the Holocene (Brazier et al., 1988). The col-
luvial landforms in Glen Coe are also remarkable in 
terms of both their range and scale. The River 
Feshie/River Spey and Quoich Water/River Dee 
confluences are exceptional examples of active, 
low-angle alluvial fans. Mountain torrents which 
display a close coupling between slope and fluvial 
systems are represented by the Allt Mor/River 
Nairn, Allt Mor/Glenmore and the Allt Coire 
Chailein. 

A neglected area of fluvial research within 
Scotland is the interface between fluvial and lacus-
trine environments. Two contrasting sites have 
been selected for the GCR. The first is a low-energy 
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environment represented by the River Balvag with 
its excellent examples of levees, spit and 
strathlochans at the mouth of Loch Lubnaig (Duck, 
1984). The second is a high-energy environment 
where the River Coe periodically transports its 
gravel bedload into Loch Achtriochtan (McEwen, 
1994b). 

Sites that reveal the geomorphic impact of floods 
have been periodically studied in Scotland although 
rarely in a systematic fashion. Analysis has involved 
assessment of both the immediate geomorphic 
impact of floods and their long-term persistence as 
landforming agents (Wolman and Gerson, 1978; 
Newson, 1989). The importance of rare floods of 
high recurrence interval as landforming agents 
within environments with high thresholds has 
been analysed within highly divided gravel-bed 
rivers such as Glen Feshie (Werritty and Ferguson, 
1980); mountain torrents, for example, the Allt 
Mor, Glenmore (McEwen and Werritty, 1988) and 
the Luibeg Burn (Baird and Lewis, 1957; McEwen, 
1986); low-angle alluvial fans such as the Quoich 
fan in upper Deeside (McEwen, 1986); and for 
small headwater catchments in the Southern 
Uplands (Acreman, 1991). 

Sites that display either interesting types or high 
rates of fluvial adjustment over historical time rep-
resent another important category. In terms of 
sinuous channels, the River Clyde meanders pro-
vide, on a large scale, an excellent example of an 
actively meandering alluvial environment with evi-
dence of major fluvial adjustment over the past 
100 - 200 years (Brazier et al., 1993). Textbook 
examples of meander cutoffs are present and can 
be compared with other notable sites on a smaller 
scale such as the Endrick Water, where the pro-
gressive reduction of a meander neck has been 
monitored (Bluck, 1971) and the Abhainn an t-Srath 
Chuileannaich, Easter Ross, where there are superb 
examples of entrenched meander cutoffs. Other 
sites considered for site selection, but ultimately 
excluded, are the abandoned meanders on the 
River Oykell near Rosehall and the Ettrick Water 
meander cutoffs upstream of Selkirk, both poten-
tial sites for future studies of rates of former 
channel infill. 

Channel adjustment within divided channels 
over historical time has again been studied at a vari-
ety of scales. The changing channel patterns on the 
Quoich fan after the catastrophic flooding of 
August 1829 have been reconstructed (McEwen, 
1986), while the River Feshie's planform has been 
monitored between 1977 and 1989 by Werritty and 
Ferguson. The River Spey below Fochabers has dis- 

played periods of channel expansion over histori-
cal time both in response to extreme flooding and 
to late 19th century deforestation of the floodplain 
(Lewin and Weir, 1977). It provides the best exam-
ple of large scale divided channel adjustment 
within the lower reaches of a river in Britain, and 
displays a large numbers of palaeochannels of dif-
fering ages. 

Extending the timescale, there are important 
sites that reflect Lateglacial and Holocene fluvial 
adjustment and assist in the reconstruction of Late 
Quaternary alluvial chronologies. Within upland 
environments, the suite of terraces in Glen Roy is 
exceptional, with over 20 levels locally identified. 
This arose from the complex pattern of deglacia-
tion and drainage of the ice-dammed lake sequence 
in Glen Roy, which yielded a unique Lateglacial his-
tory (Gordon, 1993b). The Findhorn terraces near 
Ballachrochin represent one of the most extensive 
'staircases' of terraces in Scotland, with up to 13 
levels being identified, the upper levels cut in out-
wash while the lowest ones are entirely fluvial 
(Auton, 1990). Glen Feshie also displays an excep-
tional sequence of five major terrace levels dated 
by stratigraphic methods at c. 13 000 to 90 BP 
(Robertson-Rintoul, 1986b). Within a rather differ-
ent lowland environment, the River North Esk and 
West Water palaeosandur provide the best docu-
mented suite of low-level terraces and 
palaeochannels of Lateglacial age (between two 
and four levels have been identified by Maizels, 
1983a,b). 

Alluvial fan environments can also reflect 
Lateglacial and Holocene fluvial adjustment. Thus 
the Glen Roy fans (for example that in Glen Turret) 
are exceptional in their degree of incision, terrace 
formation and display of sedimentary facies, again 
assisting in the interpretation of Glen Roy's 
Lateglacial history (Sissons and Cornish, 1983; 
Peacock, 1986). Another site at which there is con-
siderable potential for further research is the Coire 
Allt Chailein fan with its three distinct units and 
groups of palaeochannels across the fan surface. 
The Allt Lorgaidh fan in Glen Feshie is a site which 
has substantially added to our knowledge of Late 
Holocene fluvial activity in the Central Grampians 
(Robertson-Rintoul, 1986b). By contrast, the Eas na 
Broige fluvially modified debris cone, in Glen Etive 
within the SW Highlands, provides insight into 
periods of enhanced slope activity with two major 
episodes identified; the first being debris flows 
after the Loch Lomond Stadial and the second 
being fluvial reworking in the late 14th century in 
response to land-use changes (Brazier et al., 1988). 
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Within the overall list of sites, three areas stand 
out in that they provide composite sites with an 
exceptional range of fluvial landforms within a rel-
atively confined area. The first is Glen Roy, with 
its unique glacial legacy providing superb suites of 
terraces and textbook alluvial fans related to the 
rising and falling sequence of lake levels. The sec-
ond site is Glen Feshie, with its even wider range 
of fluvial landforms. The two major divided 
reaches provide some of the best examples of 
their kind in Scotland, as does the low-angle allu-
vial fan at the Spey confluence. The tributary 
alluvial fans and terrace sequences also assist in 
the reconstruction of fluvial adjustment during the 
Lateglacial in this part of the Cairngorms, while 
the debris cones provide insight into periods of 
increased slope activity during the Little Ice Age. 
Finally, Glen Coe provides perhaps the best suite 
of currently active slope processes in Scotland, 
with steep gullies, debris cones, fluvially modified 
cones and well-developed alluvial fans. In addition, 
the River Coe provides a good example of channel 
adjustment in response to base level control and 
sediment transfer within a fluvio-lacustrine envi-
ronment. 

CORRIESHALLOCH GORGE, 
HIGHLAND (NH 203782) 
L.J. McEwen 

Highlights 

The gorge at Corrieshalloch is an excellent exam-
ple of a gorge formed by glacial meltwaters; its 
form closely reflects the effects of bedrock con-
trols. 

Introduction 

Corrieshalloch Gorge occurs in the step of the val-
ley profile where the Dirrie More glacial breach 
joins the Loch Broom glaciated trough. It is an 
impressive, steep-sided, slot gorge, cut by glacial 
meltwater streams, and represents a remarkable 
example of fluvial erosion into extremely resistant 
bedrock (Figure 2.6). The gorge and its formation 
have been described by Peach et al. (1913a), Kirk 
et al. (1966), Whittow (1977), Ferguson (1981) and 
Sutherland (1987). 

Summary 

This review has demonstrated the variety of 
Scottish fluvial landforms worthy of SSSI status 
identified by the GCR. They should be viewed as a 
benchmark in terms of both geomorphological 
research and conservation interest in Scotland in 
1997. Also, it has shown that in the past, research 
has tended not to be systematic in its coverage of 
scientifically interesting river sites. One of the ben-
efits of the site selection process has been to 
locate gaps in previous research and identify 
themes and sites for future investigation. It should 
be emphasized that the current list of sites should 
not be viewed as static but rather as mirroring cur-
rent and predicted future research on Scotland's 
diverse river systems. Undoubtedly, further poten-
tial sites could be added in due course. Finally, it 
should be noted that geomorphological conserva-
tion is moving away from site-specific appraisal to 
a more holistic assessment and management of val-
ued landscapes. 

Description 

Corrieshalloch Gorge is exceptional in its length (c. 
1.25 km), depth (60 m) and width (as narrow as 
10 m at the lip). It is cut in undifferentiated Moine 
schists (psammite). Its form is determined by 
steeply dipping or vertical joints trending NW-SE 
and NE-SW (Peacock, unpublished data). The 
gorge can be subdivided into at least two parts, 
separated by major waterfalls at the Falls of 
Measach. In addition, there are several minor falls, 
for example, near Braemore junction. The modem 
channel is thus characterized by a stepped profile 
over these falls, which are interspersed with deep, 
boulder-filled pools. Ferguson (1981) observed that 
these are being progressively extended upstream 
by waterfall recession, at rates enhanced by the 
rock jointing. 

Interpretation 

The present form of Corrieshalloch Gorge can only 
be explained by a past period of extreme erosive 
activity. Although Whittow (1977) cites an earlier 
theory that the gorge reflects postglacial entrench-
ment, he emphasizes that the scale of the feature 
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Falls of Clyde 

Figure 2.6 The Falls of Measach on the River Droma in 
Corrieshalloch Gorge. The character of the slot-gorge is 
evident from the near vertical walls, the very steep gra-
dient and the cascading nature of the water flow. (Photo: 
L.J. McEwen.) 

makes this explanation unviable as a complete 
explanation. The currently favoured hypothesis is 
that the gorge was cut by meltwater streams from 
the direction of Dirrie More (Peach et al., 1913a, 
Kirk et al., 1966; Sutherland, 1987), although it is 
not established whether these were subglacial or 
proglacial. However, since the valley was probably 
a major meltwater discharge route during both ice-
sheet deglaciation and the Loch Lomond Stadial, 
both may have contributed to the formation of the 
gorge (Sutherland, 1987). Although there is no evi-
dence that the gorge was ever re-occupied by ice 
after its incision, it would not be surprising if the 
gorge was a polycyclic feature, and that a signifi-
cant channel was already cut into the valley 
shoulder at this locality prior to the onset of the last 
glaciation. Due to its glacial legacy, the present 
River Droma thus undergoes a dramatic change in 
controls (increased slope, increased confinement 
and reduced sediment supply) as it enters the 
gorge. 

Corrieshalloch Gorge is the most impressive of a 
number of gorges in this area (see, for example, the 
gorge along the lower Abhainn Cuileig), the form  

of which is determined by bedrock controls in the 
flaggy Moine schists (Peach et al., 1913a). It is a 
classic landform and is recognized as the best-
known example of a steep-sided slot gorge in 
Scotland. The gorge was cut by meltwaters during 
the last phases of glaciation of the area as well as, 
probably, during earlier glacial events. The scale of 
the feature is particularly impressive, and in terms 
of its size and the presence of waterfalls, it is a 
more striking and varied feature than the other 
gorges in the area and also the dramatic, but less 
well-known gorge at Black Rock of Novar in Easter 
Ross (Miller, 1887: Peach et al., 1912). 

Conclusion 

Corrieshalloch Gorge is a classic example of a 
gorge formed by glacial meltwater streams. It is 
notable for its length and depth and showing, par-
ticularly well, the effects of geological controls on 
gorge formation by fluvial processes. The gorge 
affords striking evidence of the power of fluvial 
erosion by either subglacial or proglacial melt 
water streams during or immediately following sev-
eral glacial episodes. The River Droma which flows 
through the gorge provides a striking example of a 
steep, highly confined and sediment starved 
bedrock channel immediately upstream of a sea 
loch in a glaciated trough. 

FALLS OF CLYDE, SOUTH 
LANARKSHIRE (NS 883411) 
A. Werritty and L.J. McEwen 

Highlights 

This site is selected as an excellent example of the 
glacial diversion of drainage. The present route of 
the River Clyde occupies a bedrock gorge which 
was cut following the infilling of its former course 
by glacial deposits. 

Introduction 

The Falls of Clyde (NS 885406 to NS 882421), 3 km 
south of Lanark, provide a notable example of 
glacial disruption of drainage. The Falls of Clyde 
serve as the local base level for the upper River 
Clyde, effectively isolating the upper part of the 
river from its lower reaches. This is the result of 
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glacial deposits blocking the original channel of the 
Clyde, forcing the river to cut a new bedrock chan-
nel. The origin of the falls has been examined by 
Ross (1927), George (1958), Linton (1963), Sissons 
(1976) and Whittow (1977). 

Description 

The Falls of Clyde are located to the south of 
Lanark at a point at which the River Clyde abruptly 
changes in both character and direction. Whereas 
3 km upstream it is an alluvial, meandering chan-
nel flowing south-west through a wide valley, 5 km 
south-east of Lanark it becomes a relatively straight, 
narrow, rock-controlled channel flowing to the 
north-west. Within the designated site the river 
drops 55 m within 1.8 km. In contrast, the long 
profile of the Clyde upstream of the site is graded 
to a base level at about 183 m OD and requires 
32 km to register a comparable descent (George, 
1958). The gorge itself, which contains the site, is 
7 km long overall and locally up to 50 m deep. The 
gorge is incised into a pre-glacial surface cut across 
gently dipping greywackes of the Lower Old Red 
Sandstone (Whittow, 1977). 

The site consists of two major waterfalls, 
Bonnington Linn and Cora Linn, separated from 
each other by a slot gorge. Cora Linn, the larger of 
the two falls (27 m high), comprises a series of cas-
cades over benches formed from the near 
horizontally bedded and more resistant sandstone 
units within the greywacke sequence. The angle 
made by the top of the falls is oblique to the flow 
of the main channel, indicating that the falls have 
retreated asymmetrically upstream, leaving an 
enlarged section immediately downstream which 
now forms the plunge pool. Thus Cora Linn pro-
vides a very good example of a waterfall, the 
configuration of which is controlled by the detailed 
stratigraphy and relative resistance of the underly-
ing bedrock. The upper of the two falls, 
Bonnington Linn, is wider than Cora Linn but not 
so high. It consists of a single cascade segmented 
into three parts with large rocky `islands' separat-
ing the individual units. As with the lower falls, the 
angle is oblique to the main flow of the river. 

The shales within the Lower Old Red Sandstone 
(which dip downstream very gently) provide the ris-
ers of the `staircase' into which the falls are incised. 
At low flows, it is clear at Cora Linn that there is 
minimal development of an inner channel within 
each riser, and very little bedload is at present being 
transported through the whole rock-controlled sec- 

tion. As a result, the edges of the more massive 
sandstone units exposed in the bed of the falls have 
undergone minimal abrasion and rounding. 

Between the lower falls at Cora Linn and the 
upper falls at Bonnington Linn, the river descends 
steeply in a series of rapids over bedrock steps 
masked by occasional bouldery deposits which, 
because of their lithology and minimal rounding, 
are clearly recent and local in origin. The resulting 
`step-pool system' is controlled in terms of its 
detailed morphology (height of `steps' and dimen-
sions of `pools') by the spacing of the local joint 
systems and variation in the relative resistance of 
the constituent strata. This 1 km long gorge sepa-
rating Bonnington Linn and Cora Linn is relatively 
straight, has near vertical side walls, 25 m high, and 
displays a well-developed set of rapids over a very 
bouldery bed. The local sandstone here is virtually 
flat-bedded, permitting only limited development 
of potholes. However, some have developed at the 
margins of the gorge in response to abrasion and 
selective exploitation of joint planes. 

The current flow over the falls is regulated by 
extraction of water at Bonnington Linn for hydro-
electric power. Under normal flow conditions this 
represents only a small proportion of the total. 

Interpretation 

The explanation for this dramatic change in river 
level and river character has been attributed to a 
number of causes. George (1958) described the 
gorge as an outstanding example of rejuvenation 
related to a Tertiary lowering of sea levels. Linton 
(1963), on the other hand, explained the gorge as a 
product of lowered base level, where the river 
descended into an `ice-cut trough', a feature that 
Sissons (1976) subsequently claimed was scoured 
by a Highlands ice stream which flowed up this 
part of the Clyde Valley. A third, but less plausible, 
explanation is that offered by Whittow (1977), 
who argued that the gorge was the result of reju-
venation caused by tectonic uplift. However, 
construction of the hydro-electric power station at 
Bonnington revealed a buried former channel of 
the Clyde to the east of the present river course 
(Ross, 1927), and McLellan (1969) mapped the full 
extent of an area of glacial deposits blocking this 
channel. Upstream of these deposits a former lake 
existed in which abundant silts, sands and clays 
were deposited (Laxton and Nickless, 1980). This 
former lake basin explains the low river gradient 
upstream of the falls. The latter were cut upon 
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deglaciation, the Clyde eroding a new channel in 
bedrock before regaining its original course at the 
mouth of the gorge. 

Disruption of pre-existing river courses has 
occurred in the Highlands due to glacial erosion of 
cols and valley heads and the production of glacial 
breaches (Linton, 1949, 1951, 1963). The Falls of 
Clyde, however, provide the most dramatic exam-
ple in Scotland of disruption of a major river course 
resulting from glacial deposition in the original 
river channel, and therefore differs from other sites 
such as Corrieshalloch Gorge. The individual land-
forms demonstrate specific geological controls on 
the form and configuration of the waterfalls, rapids 
and slot gorge which collectively comprise the site. 

Conclusion 

The Falls of Clyde provide a particularly striking 
example of the effects of glacial disruption of 
drainage. The original channel of the Clyde was 
infilled with glacial deposits, forcing the river to 
adopt a new course. The latter takes the form of a 
bedrock gorge and is distinguished by the presence 
of two waterfalls. Selected reaches at this site are 
important in illustrating how the glacial legacy can 
condition the present fluvial system. 

RIVER FINDHORN AT RANDOLPH'S 
LEAP, MORAY (NJ 000497) 
L.J. McEwen and A. Werritty 

Highlights 

Randolph's Leap on the River Findhorn is the most 
narrowly constricted bedrock reach on a major 
Scottish river. The site registered its highest flood 
stage during the storm of 4 August 1829 which pro-
duced the most severe regional floods ever 
recorded in Scotland. 

Introduction 

Randolph's Leap is an extremely narrow slot gorge 
set in a bedrock section within the lower reaches of 
the River Findhorn, one of the most powerful rivers 
in upland Scotland. The river is noted for its 
extremely flashy runoff regime, particularly in 
response to summer frontal storms (Green, 1958, 
1971; Black, 1992) and has a well-documented his- 

tory of major floods extending back into the 18th 
century (Lauder, 1830; Lamb and Frydendahl, 1991). 

Description 

Randolph's Leap on the lower River Findhorn is a 
former meltwater gorge cut into schist bedrock. 
The gorge extends over 400 m and typically is 8 m 
wide and 18 m deep. However, at its upstream end 
it narrows significantly such that at its minimum 
point it is only 3 m wide. This has the effect of 
ponding the flow during floods, thereby generating 
a dramatic change in river stage under these con-
ditions. Given the size of the river and its average 
flow, this meltwater gorge provides the most 
severe bedrock confinement recorded on any 
major river in Scotland. 

The most striking example of the effect of this 
constriction was during the catastrophic flood on 
4 August 1829 when the river attained a flood level 
of 50 ft (c. 15 m) at Randolph's Leap (Figure 2.7; 
Lauder, 1830). An estimated peak flow of 
1450 m3s-  I with a return period of between 500 
and 1000 years has been calculated for the flood at 
this site (Werritty and Acreman, 1984). The Moray 
Floods of 1829 are the most extreme historic floods 
ever recorded in Scotland and Randolph's Leap rep-
resents the most accurate contemporary record of 
these floods, since in addition to Lauder's account 
there are also two flood stones in place at the 
upper and lower sections of the gorge. Further geo-
morphic evidence for the severity of the 1829 flood 
is a large accumulation of 1 - 2 m diameter, lichen-
covered boulders immediately upstream of the 
entrance to Randolph's Leap. It is likely that these 
boulders comprise some of the bed material trans-
ported in 1829 and deposited here because of local 
ponding of the flood flow. It is also noteworthy 
that on 16 August 1970 another major flood was 
recorded on the River Findhorn, but with a lower 
peak stage at Randolph's Leap than that of 1829. 
This 1970 flood was gauged as 2402 m3s-1  at 
Forres, c. 10 km downstream of Randolph's Leap 
(NERC, 1975). 

In terms of noteworthy geomorphic features 
within the gorge, there is a low-flow inner channel 
with polished bedrock surfaces and localized 
rapids between the exposed bedrock ribs (Figure 
2.8; Lewin, 1981 b). These ribs are in turn partially 
dissected by well-developed potholes at levels sub-
stantially above those of normal flows. The 
potholes take on a variety of forms including both 
rectangular and circular shapes and reflect 

35 



Fluvial geomorphology of Scotland 

Figure 2.7 The flood stage on 4 August 1829 on the River Findhorn at Randolph's Leap. The river rose 15 m above 
its normal level at the entrance to this severely constricted bedrock gorge. (Source: Lauder, 1830.) 

differential erosion of local bands and lines of Interpretation 
weakness within the schist. The general strike of 
the bedrock is at right angles to the flow and this Randolph's Leap is noteworthy in two respects. 
has the effect of producing bedrock ribs, again Firstly, it constitutes a unique bedrock constriction 
reflecting local erosional contrasts within the within the lower reaches of a major Scottish river 
underlying schists. 	 and displays fine examples of many of the minor 

Y 

4.1 

Figure 2.8 The River Findhorn at Randolph's Leap: the inner channel cuts into schist, displaying polished bedrock 
surfaces, potholes and bedrock ribs. (Photo: A. Werritty.) 
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scale features to be found in bedrock gorges (pot-
holes, bedrock ribs and polished bedrock surfaces). 
Secondly, the impact of this constriction has been 
to exacerbate flood levels at this site. This has 
resulted in the stage of the 1829 flood being pre-
cisely recorded here. Reconstruction of the flood 
flow by Werritty and Acreman (1984) provides an 
important record for inclusion in UK maximum 
flood envelope curves (Acreman, 1989). 

Conclusion 

The bedrock gorge at Randolph's Leap is a remark-
able slot gorge eroded by glacial meltwaters into 
the underlying schists. It displays many of the clas-
sic minor scale features of such gorges: bedrock 
ribs, potholes and polished rock forming an inner 
channel. The upstream end of the gorge is unusu-
ally narrow (3 m) resulting in ponding during 
floods. The most spectacular example of the effect 
of this constriction occurred on 4 August 1829 
when one of the largest floods ever recorded on a 
Scottish river registered a peak stage 15 m above 
normal levels and an estimated discharge of 
1450 m3s-1. The evidence in support of this recon-
struction is found both in a contemporary account 
(Lauder, 1830) and in two flood stones erected at 
the site. 

FALLS OF DOCHART, STIRLING 
(NN 571324) 
L.J. McEwen and A. Werritty 

Highlights 

The Falls of Dochart comprise a unique site in 
Scotland in which a wide and shallow bedrock 
reach generates a series of small interconnected 
waterfalls separated by bedrock islands. The 
detailed configuration of the Falls is determined by 
the local geological structure and by glacial and 
fluvial processes operating during and since the 
Devensian and Loch Lomond Readvance ice sheets. 

Introduction 

Bedrock-controlled reaches have generally been 
neglected in the study of different channel types 
within the British Isles (Ferguson, 1981; McEwen, 
1986). Nevertheless, they comprise a significant 

proportion of the river systems within Scotland 
(Werritty et al., 1994). The Falls of Dochart consti-
tute a noteworthy example of a bedrock-controlled 
reach within what is otherwise a predominantly 
alluvial channel. The specific geomorphological 
features of this reach comprise the outcome of 
glacial and fluvial processes operating on the 
underlying schists. 

Description 

The Falls of Dochart are located at Killin, 1 km 
upstream of the site at which the River Dochart 
flows into the western end of Loch Tay. This 
bedrock-controlled reach (Figure 2.9) is approxi-
mately 270 m long and exhibits a local widening of 
the channel of up to 80 - 90 m before narrowing 
once again below the bridge at Killin. Since the 
channel gradient steepens considerably at this 
point, the reach has the appearance of a knickpoint 
which has been retarded in working its way further 
upstream. Immediately upstream of the Falls, the 
channel is narrower and gentler in slope, whereas 
downstream the River Dochart in conjunction with 
the River Lochay forms a large, low-angle delta at 
the head of Loch Tay. This type of channel con-
finement is in marked contrast to that recorded by 
other forms of bedrock control in Scotland where 
typically the channel becomes narrower because 
of its confinement (e.g. the Corrieshalloch Gorge 
in Wester Ross and the River Findhorn at 
Randolph's Leap). 

The detailed form of the Falls of Dochart is con-
trolled by the joints in the underlying bedrock. This 
produces a stepped series of small waterfalls where 
the flow is deflected obliquely across lines of weak-
ness within the schist. A large tree-covered island 
(Garbh Innes) of more resistant rock divides the 
main flow. On being reunited, flow within the 
channel is then deflected left and then right in a 
'zig-zag' manner in a series of small waterfalls (less 
than 1 m high) and rapids caused by differential 
erosion. These small features are drowned out dur-
ing high flows. Good examples of both 
joint-bounded, irregular potholes and classic circu-
lar potholes are evident at a variety of scales 
downstream of Garbh Innes. Many have boulders 
and cobbles still in place, causing the margins of 
the pothole to be scoured during floods. 

There is also evidence of the high competence 
of the floods which pass through this reach. The 
steep gradient coupled with a marked increase in 
depth will produce high shear stresses at this site 
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Figure 2.9 (,eneral'icv 	the 111k u( I)och:urt. (Nhoto: A. Werritty.) 

during floods. As a result, large individual blocky 
slabs (> 1 m intermediate axis) have been 
deposited in an imbricate fashion on the bedrock 
surfaces adjacent to the low-flow channel. These 
are aligned at right angles to the flow and appear 
to have been transported during recent floods. 

and 11 000 - 10 000 BP respectively). Given the 
existence of Loch Lomond Readvance moraines at 
the eastern end of Loch Tay (Thompson, 1972), it 
is probable that the major erosional features in the 
Falls date from that time. 

Interpretation 

The Falls of Dochart provide a noteworthy exam-
ple of a wide, relatively unconfined bedrock reach 
in which the River Dochart rapidly descends over a 
complex series of major rock bars. The local 
bedrock schist controls the detailed configuration 
of individual falls, producing a noteworthy 'zig-zag' 
series of rapids. 

It is not possible to give a definitive date for the 
origin of the Falls, but it is likely that they were 
partly formed subglacially during the Dimlington 
and/or Loch Lomond Stadials (18 000 - 13 000 BP 

Conclusion 

The Falls of Dochart are typical of many shallow, 
wide bedrock-controlled reaches which serve as 
knickpoints or local base levels within the long pro-
file of upland rivers in Scotland. The detailed 
topographic form of these Falls comprises an island 
and channels formed from multiple small bedrock 
steps. The subsequent embroidery of these small 
waterfalls by potholes has been determined by the 
different ways in which glacial and fluvial 
processes have eroded and etched the underlying 
schist bedrock. 
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THE GREY MARE'S TAIL, BORDERS 
(NT 183147) 
L.J. McEwen and A. Werritty 

Highlights 

The Grey Mare's Tail is one of the highest water-
falls in Scotland. It provides a classic example of a 
waterfall located at the outfall of a valley, `hanging' 
above the main valley as a result of differential 
glacial erosion. 

Introduction 

The Grey Mare's Tail is a spectacular waterfall, 
developed where a tributary valley joins the 
glacially overdeepened Moffatdale. It demonstrates 

particularly clear examples of geological controls 
in its detailed morphology. 

Description 

The Grey Mare's Tail waterfall is located in the 
upper part of Moffatdale on the Tail Burn, 1 km 
downstream of moraine-impounded Loch Skene 
(Geikie, 1901; Whittow, 1977; May, 1981; Gordon, 
1993c) and to the south of Watch Knowe (606 m). 
Sissons (1967), in his reconstruction of the Loch 
Lomond Readvance in the Tweedsmuir Hills, 
locates the terminus of an ice-lobe at the head of 
the waterfall (c. 450 m). The waterfall itself is over 
200 m high and comprises a series of cascades of 
varying height which fall over bedrock benches 
into a plunge pool beneath (Figure 2.10). The geol-
ogy controls the detailed form of each cascade 

LIII 

Figure 2.10 The Grey Mare's Tail in Moffatdale. (a) The Tail Burn descends from the plateau via a 200 m high water-
fall in a series of cascades and plunge pools (photo: A. Werritty). (b) Detail of the first cascade and plunge pool on Tail 
Burn, showing the impact of the more resistant gritty conglomerates (cascade), the less resistant shales and the mud-
stone beds (plunge pool) on the detailed morphology of the waterfall (photo: A. Werritty). 
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since the flow is at right angles to the strike of the 
underlying Silurian bedrock. These thick-bedded 
greywackes are often gritty or conglomeratic and 
include subsidiary shale or mudstone beds. 
Differential erosion of each of these units produces 
the detailed configuration for each alternating cas-
cade and plunge pool. 

Interpretation 

The origin of the waterfall is due to more severe 
glacial erosion within the main valley now occu-
pied by the Moffat Water than on the surrounding 
Tweedsmuir Hills (Sissons, 1967). This river flows 
in an unusually straight valley which in turn follows 
a major SW-NW trending fault from Moffat to St 
Mary's Loch. Differential erosion of the associated 
shatter belt by the glacier and later by Moffat Water 
has resulted in the tributary, Tail Burn, becoming a 
classic example of a hanging valley, in this case 
200 m above the valley floor of Moffat Water. 

Conclusion 

The Grey Mare's Tail, one of Scotland's highest 
waterfalls, has been formed by differential glacial 
erosion within the Silurian greywackes of 
Moffatdale. The fault-controlled valley of the Moffat 
Water has been more readily eroded by repeated 
glacial episodes than have the surrounding 
Tweedsmuir Hills, resulting in a classic example of 
a `hanging valley'. The precise topographic form of 
the waterfall is controlled by the sequence of grits, 
conglomerates and shales/mudstones which com-
prise the local greywackes. 

Introduction 

Active meandering rivers are characteristic of many 
valley floors in the British Lowlands. The progres-
sive migration of these meandering channels 
generates a sequence of alluvial deposits which 
become incorporated into the floodplain created 
by the active river (Wolman and Leopold, 1957; 
Allen, 1970). The history of the progressive migra-
tion of the river is thus recorded in the floodplain 
sedimentary record. The confluence of the River 
Clyde with the very much smaller Medwin Water 
near Carstairs in Lanarkshire provides an unusually 
good opportunity to examine these processes of 
floodplain formation because the site has been sub-
ject to river engineering only on a minor scale 
since 1935. This, when combined with a very 
detailed historical record of channel migration 
(from maps and aerial photographs), means that 
this site offers great potential for detailed investi-
gation of floodplain history and alluvial stratigraphy 
(Brazier et al., 1993) on a major river of Scotland. 

Description 

The first accurately surveyed map available for the 
site is that produced by the Caledonian Railway 
Company, dated 1848. Since then, the Six-inch 
Ordnance Survey County Series (surveyed in 1858, 
1896 and 1909) and the National Grid Metric 
Edition at 1: 10 000 (1977) provide the most accu-
rate basis for recording and interpreting channel 
change. Aerial photographs between 1948 and 
1991 provide an excellent record of channel migra-
tion at a much finer temporal resolution. 

Using these sources, four main geomorphic units 
can be identified at this site (Figure 2.11): 

1. the active channel; 
RIVER CLYDE MEANDERS, SOUTH 	2. mid-channel and marginal sand/gravel bars; 
LANARKSHIRE (NS 971441) 	 3. the floodplain post-dating 1848; 
A. Wert iffy and L.J. McEwen 	 4. the floodplain pre-dating 1848. 

Highlights 

Large-scale active meanders are comparatively rare 
in lowland Britain, particularly those that have cre-
ated a floodplain over several centuries and have 
been subject to only minor river engineering dur-
ing their development. Such a site is provided on 
the River Clyde at its confluence with the much 
smaller Medwin Water near Carstairs. 

This site at present comprises six major mean-
ders on the River Clyde and five smaller meanders 
on the Medwin Water. The Clyde meanders within 
the site extend over 3.2 km and include bends at 
various stages of development from gently curved 
to highly tortuous with incipient cutoffs. The 
meanders on the Medwin Water are, by contrast, 
much smaller in scale (channel widths typically 
< 10 m) but display patterns of development simi-
lar to those on the Clyde. 

40 



River Clyde meanders 

River Clyde 

Floodplain reworked (1848–present) 	Valley edge 	 Floodbanks 	Direction of flow 

River channel (April 1991) 	 ;=---. Palaeochannels 	. Roads 
0 	metres 	400 

Unvegetated river sediments 	<\ Banks 	 3-i--. Railway 	r 	— 

Figure 2.11 River Clyde meanders. The channel (April 1991) is shown along with the floodplain sediments and 
landforms worked by the River Clyde and Medwin Water since 1848. Palaeochannels are now partly filled, but can 
still be identified on the floodplain surface. This site at present comprises six major meanders on the River Clyde and 
five smaller meanders on the Medwin Water. The Clyde meanders within the site extend over 3.2 km and include 
bends at various stages of development from gently curved to highly tortuous with incipient cutoffs. The meanders 
on the Medwin Water are, by contrast, much smaller in scale (channel widths typically <10 m) but display patterns 
of development similar to those on the Clyde. (After Brazier et al., 1993.) 

At present the active channel continues to 
migrate and rework its floodplain subject to minor 
river training works (such as rock revetment) 
which are undertaken by the Scottish Office under 
the Land Drainage (Scotland) Acts of 1930 and 
1935. The bars found within and adjacent to the 
channel comprise point bars (on major bends); 
mid-channel bars (where the channel locally 
divides) and lateral or side bars. The surfaces of 
these bars are embroidered by transient bedforms  

(mainly dunes and ripples) which are destroyed 
and reform during high stage flows. Individual units 
comprising the floodplain since 1848 include par-
tially infilled oxbow channels and meander scroll 
topography which records the positions of former 
point bars. The remainder of the pre-1848 flood-
plain is composed of similar units, but the 
topographic expression of these earlier infilled 
channels and meander scrolls is much more 
subdued. 
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Figure 2.12 River Clyde meanders: the progressive migration of meander bends since 1848 based on mapped posi-
tions of the active channel in 1848, 1858, 1909 and 1977. Note the downstream migration of most bends, and cutoffs 
to form oxbow lakes. (After Brazier et al., 1993.) 

The map of channel change compiled from maps distance of c. 280 m in 129 years and also rotated 
and aerial photographs reveals a pattern of progres- such that in 1994 it threatened to breach the neck 
sive downstream migration of individual meander of bend 2 (Figure 2.12). Much lower rates of chan-
bends, the precise direction being determined by nel migration have been recorded in bends 6 - 9 
the distribution and rate of bank erosion (Figure and in the vicinity of the railway bridge the channel 
2.12). Since the highest rates of meander movement has been virtually stable since 1848. Bend 4 passed 
generally occur just downstream of the apex of the through a phase when the channel divided, thereby 
meander bend, many bends `rotate' as part of the creating an island which was identifiable on the 
migration process (Hooke, 1977). The rates of 1896 and 1909 maps. Eventually the eastern chan-
migration have been faster in the upper and middle nel became the dominant one, completing an 
reaches than in the lower reaches at this site at eastward shift of the main channel, with complete 
bends 1, 4 and 5 (Figure 2.12). Thus the channel abandonment of the western channel sometime 
(between points A and B at bend 1) migrated a total before 1948 (Figure 2.12). 
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The development of tortuous river patterns 
invariably leads to a tightening of meander bends. 
If the necks of successive bends are severed by 
this process, sections of channel are abandoned 
to create oxbow lakes (Lewis and Lewin, 1983). 
At this site in the River Clyde, for example, at 
bend 3 the neck of the meander loop was cut 
through, at some time between 1858 and 1896 by 
the upstream and downstream bends migrating 
towards each other. The resultant abandoned 
channel formed an oxbow lake, which is still infill-
ing with fine sediment transported into that lake 
by overbank floods. Other well-documented 
meander cutoffs can be found on the Medwin 
Water, bend 10 being an excellent example 
which was abandoned between 1848 and 1858. 

Not all of the palaeochannels found on the 
floodplain owe their origin to this simple process. 
The palaeochannel which resembles a cutoff 
meander of the former River Clyde (bend 11 in 
Figure 2.12) is the former channel of the Medwin 
Water, which altered its point of confluence as a 
result of river capture by the migrating River 
Clyde between 1909 and 1977. Coring some of 
these abandoned channels (e.g. bends 10 and 11) 
has revealed an alluvial stratigraphy comprising at 
least four major facies (Werritty and Kirkbride, 
1992): 

1. gravel and sand (former channel-bed lag 
deposits); 

2. interlaminated fine sand/silt (overbank sedi-
mentation during major floods); 

3. silty/clay lacustrine facies (sediment transport 
into temporary lake during minor floods); 

4. coarser laminated sands and silts deposited in 
standing water after the disappearance of the 
perennial oxbow lake. 

In terms of present-day processes, the 2 - 3 m 
high dominantly sandy banks are locally subject 
to high rates of erosion. This is evidenced by well-
developed point bars and extensive aprons of 
material derived from bank collapse on the outer 
banks at several meander bends. These typically 
sandy banks have little cohesion; thus bank retreat 
recommences as soon as the apron of sediment is 
removed by high winter flows. The bed materials 
of both the River Clyde and the Medwin Water are 
locally well-sorted sands and gravels. The gravels 
generally form lag deposits on the point bars 
while the sands contribute to the upper part of 
the floodplain sequence. In some reaches there is 
a temporary division of the main channel flow,  

but these are small-scale features within an overall 
planform which is dominated by meanders. 

Interpretation 

The geomorphological significance of this site lies 
primarily in the fact that it displays an excellent 
assemblage of palaeochannels and well-dated allu-
vial deposits extending back over 150 years. The 
present-day River Clyde is still migrating and thus 
reworking these earlier deposits, but at a much 
slower rate since the 1930s on account of modest 
amounts of river engineering. This has resulted in 
the excellent preservation of the palaeoforms doc-
umented in Figure 2.12. This site thus affords an 
excellent opportunity to undertake detailed recon-
struction of the floodplain and alluvial architecture 
of a major British river at its confluence with a 
much smaller stream. The sedimentary records 
within the palaeochannels are also of potential sig-
nificance in terms of reconstructing the flood 
chronology of the middle Clyde over the past 150 
years. The fine-grained, silty clays record infilling of 
the oxbows during minor floods, whereas the occa-
sional lenses of sands record the passage of major 
floods. At present, only a reconnaissance investiga-
tion has been undertaken by Werritty and 
Kirkbride (1992) into these aspects of the alluvial 
history of the floodplain. 

Conclusion 

The confluence of the Medwin Water with the 
River Clyde provides an unusually good example 
of two active, sinuous lowland rivers of contrast-
ing size which have not been subject to major 
river engineering schemes. Many of the large tor-
tuous meanders on the River Clyde display 
considerable lateral activity, including a major cut-
off within the past 100 years. The much smaller 
Medwin Water displays a similar channel pattern 
and has been subject to substantial channel 
change at its confluence with the Clyde during the 
past 150 years. The history of the development of 
the floodplain is exceptionally well-documented in 
maps and aerial photographs. Thus the detailed 
history of the valley floor adjacent to the main 
channels and the flood chronology of the middle 
Clyde can be reconstructed from the floodplain 
sediment record. 
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STRATHGI.ASS MEANDERS, 
HIGHLAND (NH 385360) 
L.J. McEwen 

Highlights 

The meanders associated with the River Glass, west 
of Inverness, provide a noteworthy example of an 
irregularly meandering channel within a wide val-
ley floor in a Scottish upland environment. 

Introduction 

The River Glass, a tributary of the River Beauly, 
flows SW to NE, draining a large upland catchment 
of 482 km' (e.g. the summit of Cam Gorm, 676 m). 
In terms of its glacial legacy, the valley of the River 
Glass is believed to have been a former lake bed 
that occupied the valley before the cutting of the 

downstream Aigas Gorge. This explains the origin 
of the fine sediments that the present River Glass 
is actively reworking (Horne and Hinxman, 1914). 

Description 

The low-flow channel planform varies from sinuous 
to irregularly meandering (Kellerhals et al., 1976), 
with sand-sized material in the banks (Figure 2.13). 
The selected reach of the meandering channel uti-
lizes a large proportion of the floodplain of the 
River Glass (typically 700 m wide) and extends 
downstream over 5 km. Stretches of the channel 
are tree-lined and these appear to be more stable 
reaches. Tributaries take the form of steep moun-
tain torrents, frequently deeply incised into gullies, 
which debouch into the main valley where they 
have built coarse-grained alluvial fans (e.g. the Glass 
Burn and Alit a' Chrais). The distal margins of these 
fans are being reworked by the present River Glass. 

Figure 2.13 Irregular meanders developed on the River Glass. The channel is characterized by a sequence of irreg- 
ular meanders and associated slackwater areas plus numerous palaeochannels of contrasting ages embedded within 
the floodplain. (Photo: Royal Commission on the Ancient and Historical Monuments of Scotland; print 4188, 61489; 
flown May 1989: Crown Copyright.) 

44 



Strathglass meanders 

The irregularly meandering channel planform 
also possesses unusual slackwater areas (e.g. Loch 
Gaillte or Loch an Deala), immediately upstream of 
several meander bends. There are a large number 
of palaeomeander features evident on the flood-
plain, e.g. Loch an Eilein. 

The River Glass has been gauged at Kerrow 
Wood (within the SSSI) since 1988 and up to 1992 
recorded a mean flow of c. 40 m3s-1. The maxi-
mum instantaneous flow during the flood on 15 
January 1989, which affected much of northern 
Scotland, was 314 m3s-1. It should be noted that 
the Loch Beirm a' Mheadhoin hydroelectric power 
scheme in Glen Affric and the Loch Mullardoch 
scheme in Glen Cannich, implemented in the 
1940s, will enforce an artificial runoff regime on 
the River Glass. Historic floods are also docu-
mented on the 24 - 26 January 1849 and 24 
January 1892 in Nairne (1895) with Strathglass 

1876 
Glass Burn 

l 

being severely inundated. The damage at Wester 
Chrochail during the latter flood was extensive, 
with large quantities of gravel deposited on the 
floodplain. Four feet of flood water (1.2 m) were 
also recorded at Easter Chrochail on the edge of 
the floodplain. 

Interpretation 

The irregular planform is interesting due to the 
temporal and spatial persistence of the meandering 
system. The irregular meander bends possibly 
relate to a lack of homogeneity in the floodplain 
sediments and the location of tributary inputs with 
associated changes in base-level slopes. The slack-
water areas are clearly related to longer-term 
channel adjustment and since they appear on the 
1876 map, comprise one of the more permanent 
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Figure 2.14 The River Glass in Strathglass: a comparison of the planforms in 1876 and 1901. Channel stability 
increases in the downstream direction. A number of abandoned channels and infilled palaeochannels occupy the 
floodplain. (Source: First and Second Edition 1: 10 560 scale Ordnance Survey maps.) 
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features of floodplain topography. One explanation 
is that these features represent zones of incipient 
channel subdivision at higher flows, i.e. channel 
planform is highly stage dependent with localized 
anabranching during major floods. These slackwa-
ter areas clearly pre-date any damming on the River 
Glass. 

The palaeomeanders proximal to the current 
channel indicate that the river has clearly been 
more active at some indeterminate time in the past. 
Some reaches, such as the active divided area near 
Glassburn, have undergone change since 1876 (as 
indicated on the first and second edition 
1: 10 560 OS maps of 1876 and 1901; Figure 2.14) 
and continue to be active at the present time. Local 
instability at these sites may be related to the loca-
tion of tributary confluences with their high 
contributing discharges during extreme flows 
(leading to locally enhanced competence) and also 
local inputs of coarser sediment. 

Further research is required on the spatial varia-
tion in rates of channel adjustment over time and 
on the relationship between the channel and its 
river corridor. Some of the slack-water areas indi-
cated in 1876, for example near Incaulby, are 
merely depicted as palaeochannels by 1901, imply-
ing progressive infilling of abandoned channels 
with flood sediments. The cutoff meander of Loch 
an Eilein has also infilled with sediment and rushes 
over the same period. The nature and rate of infill 
of these palaeofeatures has yet to be investigated. 

This site is also worthy of long-term monitoring 
because upstream damming, which now enforces 
an artificial runoff regime, will have altered the 
magnitude and frequency of extreme flows. The 
impact of these changes in flow regime on down-
stream rates of planform adjustment would be 
especially interesting to investigate. 

Conclusion 

The River Glass provides an exceptionally sus-
tained example of irregular meanders together with 
the special local features of unusual slackwaters 
and palaeochannels at varying stages of incorpora-
tion into the floodplain. Dating these different 
generations of palaeochannels would yield the 
rates of floodplain reworking over the past 200 
years and beyond. Although no published research 
has yet been carried out on this section of river, it 
is recognized as providing an excellent site for the 
study of irregular meander development in a 
Scottish upland environment. 

ABHAINN AN T-SRATH 
CHUILEANNAICH, HIGHLAND 
(NH 430935) 
L.J. McEwen 

Highlights 

The Abhainn an t-Srath Chuileannaich, in the upper 
River Carron catchment, Easter Ross, provides an 
excellent example of an actively meandering 
upland river system. It is unusual within a Scottish 
upland environment in terms of the length over 
which this type of planform persists. There are 
well-preserved examples of meander cutoffs. 

Introduction 

The Srath Chuileannaich is an alluvial basin 
(approximately 5 km in length), which may repre-
sent a former lake bed. The Glasha Bum debouches 
from a deep, narrow gorge, trending south-east 
(Read et al., 1926). The floodplain is characterized 
by low slopes (ranging from 0.02 to 0.003) with an 
abundance of fine sediment to be reworked. The 
Abhainn an t-Srath Chuileannaich demonstrates the 
importance of a downstream control in local base 
level, in this case defined by schist bedrock, in 
determining the characteristics of upstream chan-
nel planform. 

Description 

The persistence of such an extensive meandering 
planform over 5 km in an upland catchment is rare 
in Scotland (Figure 2.15). In the upper reaches, the 
channel is a wandering coarse gravel bed river (D50  
of 98 mm), with occasional channel division and 
width: depth ratios of 65 - 70. Progressing down-
stream, however, the planform gradually changes to 
an actively meandering channel in the upper mid-
dle reach. This section is associated with much finer 
sediment size (D50  of 25 mm) and ends with a local 
base level induced by aggradation from two tribu-
tary fans, the Allt an Fhithich and the Allt na Greive. 
The lower reaches are characterized by incised 
meanders with less evidence of recent lateral activ-
ity as the river entrenches deeper into floodplain 
deposits. The river here is typified by point bars 
with locally steep margins, deep scour pools and 
low width : depth ratios (6.4 recorded in the mid-
dle incised meandering reach; McEwen, in prep.). 
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Figure 2.15 A well-developed meander bend and point bar on the Abhainn an t-Srath Chuileannaich. (Photo: L.J. 
McEwen.) 

The present channel planform not only changes 
downstream but also records considerable spatial 
variability in the types and rates of channel plan-
form change over the past 200 years and beyond. 
This can be seen from a comparison of the First 
and Second 10 560 and Metric 10 000 edition OS 
maps (1875, 1903 and 1971 respectively; Figure 
2.16). Again the sub-reaches display distinctive pat-
terns of adjustment. The upper wandering 
gravel-bed reach displays evidence of recent avul-
sion but also increased sinuosity in the past and is 
clearly transitional in terms of its planform. 

Further downstream in the actively meandering 
reach, there is abundant evidence of meander 
adjustment, primarily through chute cutoffs. There 
is no clear sequence of abandoned channels as the 
active area and neighbouring river corridor are reg-
ularly reworked by the river. Some of the 
palaeochannels evident from the 1946 aerial pho-
tograph can be traced back to the alignment of 
planforms on the 1875 OS map. There is therefore 
considerable variation in rates of bank erosion with 
frequent steep silty banks and associated slope fail-
ures, for example by cantilevering. 

In the incised meander sub-reach, meander scars 
are associated with very well-defined meander 
islands and classic meander scrolls. The more 
recent abandonments can be dated using map 
sources to post-1900. In the lowest sub-reach, there 
is an excellent example of an incipient meander 
cutoff with a gradually reducing goose-neck (Buaile 
Mhor), but the relative stability of this neck feature  

is reflected in its persistence within the fluvial land-
scape over the past 150 years. 

Interpretation 

This river provides an excellent site for studying 
the relative importance of different controls (slope, 
bank material, sediment size and degree of con-
finement) on planform development, particularly 
meandering. Especially significant is the impact of 
changes in these controls on progressive down-
stream morphological adjustment within the upper 
wandering gravel-bed section. Revegetating scars 
distant from the present channel indicate past lat-
eral reworking, while the floodplain topography 
indicates former raised bar surfaces. The upper 
middle reach displays a dominantly sinuous pattern 
which varies from irregularly through to regularly 
meandering (depending on the time period con-
sidered) and therefore contrasts with the tortuously 
meandering compound channels, especially char-
acteristic of the downstream reach. These different 
planforms are characterized by distinctive types 
and rates of channel change. The geomorphic 
impact of floods of similar magnitude also varies in 
a manner reflecting changes in the downstream 
controls. This section of river therefore provides an 
ideal site for monitoring current process rates in 
different kinds of upland meandering environment, 
in order to assess channel response to discharges 
of different magnitudes and frequencies. McEwen 
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Figure 2.16 Abhainn an t-Srath Chuileannaich. Changing channel patterns mapped in successive editions of 
Ordnance Survey large-scale maps: the first edition survey of 1875, the second edition resurvey of 1903, and the 
metric edition survey of 1971. 

(in prep.) has investigated downstream changes in 
channel pattern in relationship to bankfull dis-
charge and associated variations in unit stream 
power, using field measurements. Channel banks 
also locally display buried organic horizons, indi-
cating periods of past floodplain stability and 
subsequent depositional phases. When dated, these 
organic units will establish a valuable chronology 
of Holocene fluvial activity in an upland basin 
within the Northwest Highlands of Scotland. 

Conclusion 

This represents an ideal site for studying the fluvial 
dynamics of an upland alluvial basin in Scotland. 
The Abhainn an t-Srath Chuileannaich represents 
an exceptional example of a meandering channel 
planform in such an environment, both in terms of 
the length of the reach and the downstream pro-
gression in controls above a local base level. 

Different planform types with associated rates and 
types of channel form are displayed down the val-
ley. Current research is focused on the varying 
impact of floods of different magnitudes and fre-
quencies at different locations down the river. 

ENDRICK WATER, STIRLING 
(NS 455880) 
L.J. McEwen and A. Werritty 

Highlights 

Small-scale, active meanders, which have not been 
subject to extensive engineering, are well displayed 
in the lower reaches of the Endrick Water. Lateral 
migration of this river over hundreds of years has 
generated a series of cutoff channels which are 
now steadily becoming infilled by sediment. 
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Introduction 

The British Lowlands often display rivers with 
small-scale active meanders that are no longer 
evolving naturally because of engineering schemes, 
which have sought to confine channel migration. 
Sites at which this has not occurred, thereby allow-
ing the river and its adjacent floodplain to develop 
unhindered, are comparatively rare in the low-
lands. One such site is the Endrick Water, draining 
the Campsie Fells and flowing into Loch Lomond. 
This river, in its lowest reaches, provides an excel-
lent example of an active, small-scale irregular to 
tortuous type of meander development (Kellerhals 
et al., 1976) unimpeded by large-scale river engi-
neering. It also illustrates modes of channel 
migration across a floodplain over the past 220 
years. Past study of fluvial processes at this site has 
concentrated on the macro-scale study of channel 
planform adjustment, including the formation of an 
oxbow channel (Brazier and Werritty, 1992) and 
the micro-scale monitoring of facies change, espe-
cially the structure and origin of the channel 
sediments (Bluck, 1971). 

Description 

The site comprises the Endrick Water downstream 
of Drymen Bridge and that part of its floodplain 
which lies below the 15 m contour. This section of 
the floodplain is subject to frequent overbank 
flooding, particularly during the winter months, 
partly as a result of the base-level control exercised 
by Loch Lomond, into which the Endrick Water 
flows. 

A history of channel change has been compiled 
by Brazier and Werritty (1992) from historical maps 
(estate plans from the 18th century, the Six Inch 
Ordnance Survey County Series for 1861 and 1896 
and National Grid Metric 1: 10 000 Edition for 
1966) and aerial photographs. These sources reveal 
progressive channel change over 200 years, con-
fined to a meander belt no wider than the 
amplitude of the present-day meandering system. 
Within this active area of the floodplain, the fol-
lowing distinct types of channel behaviour have 
been identified over a period of 200 years in four 
reaches (Figure 2.17) between Drymen Bridge and 
the outflow into Loch Lomond: 

1. progressive migration associated with increased 
channel sinuosity, the series of meander loops 
becoming more tortuous; 

Dry sic n 

Overbank sedimentation 
Ox-bow lake or artificially drowned palaeochannel 

Point bar scrolls 

fl Gravel 
Village 
River 

— Road 	 ►  N 
Palaeochannel trace 
Palaeomeander cut-off 	0 	metres 500 

--a-- 

Figure 2.17 Endrick Water: a geomorphological map of 
point bars, overbank sedimentation, point bar scrolls, 
oxbow lakes and palaeochannels. (Based on 1988 aerial 
photographs.) 

2. channel cutoff, abandonment and infilling; 
3. progressive meander migration with no change 

in channel curvature and shape; 
4. little change, the channel being essentially 

locked into a position within the floodplain 
which pre-dates the earliest map of 1770. 
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Figure 2.18 A recent meander cutoff on the Endrick Water (October 1983). The abandoned channel has been 
plugged by sediment at the downstream end (A). The neck of the former floodplain (B) is now a riffle between a 
point bar (C) and a concave bench (D). (Photo: Royal Commission on the Ancient and Historical Monuments of 
Scotland; print 048, 514 88; flown June 1988: Crown Copyright.) 

The floodplain adjacent to each of these reaches 
records the recent history of channel migration, 
with meander scrolls (the product of point bar for-
mation and channel migration) being especially 
well developed immediately below Drymen Bridge. 
Map analysis reveals that this complex assemblage 
of ridges and hollows was created by channel 
migration in a north-westerly direction over the 
past 200 years. Further downstream, the surface 
expression of the meander scrolls diminishes, 
reflecting the lower rates of channel migration and 
the increasing age of the adjacent floodplain. 
Nevertheless, there are still a number of oxbow 
lakes, notably that on Low Mains near the outflow 
into Loch Lomond. This particular site demon-
strates channel change over a timespan probably 
far exceeding 200 years. 

The most dramatic event in the recent develop-
ment of the channel has been the creation of a 
meander cutoff within the highly tortuous channel 
1 km downstream of Drymen Bridge (Figure 2.18). 
Evidence from the accretion topography of the 
meander scrolls demonstrates a steady northwest 
migration of the channel coupled with an expan-
sion of the outer bend (Bluck, 1971). This resulted 
in the convergence of two bends to create a `neck', 
which was cut through on 18 October 1983 
(Figure 2.18). As a result of channel steepening, the  

reach immediately downstream of the cutoff has 
undergone extensive erosion and widening, creat-
ing a riffle and concave bench (for details of the 
processes involved, see Nanson and Page, 1983). 
The sedimentary environment of the former chan-
nel has now become semi-lacustrine. It is not yet a 
true `oxbow' lake because the upstream end is still 
open across a shallow bar to low-stage flows from 
the main channel. By contrast, the downstream end 
of the cutoff is infilled by a plug of sands, silts and 
organic material. Only during high flood stages 
does this abandoned channel act as a flowing sys-
tem. 

Sediment cores from the downstream plug 
reveal two distinct sedimentary facies which are 
locally interbedded (Brazier and Werritty, 1992): 

1. Fluvial sediments (coarse-grained sand and 
gravel) derived from material transported by 
saltation or rolling along the bed, and deposited 
as the flow competence is reduced in shallow 
water. Bedforms associated with these sedi-
ments include ripples, dunes, and horizontal 
and vertical cross-strata. 

2. Lacustrine sediments (silts and clays) derived 
from fine-grained suspended material subject to 
differential settling in the ponded water within 
the abandoned channel. Leaf litter is often 
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interbedded within these fine-grained sedi-
ments. Sedimentary structures include fining 
upward sequences and flat-bedded sedimentary 
and organic units. 

Alluvial deposition adjacent to the active chan-
nel is dominated by point bars (Bluck, 1971), 
although locally concave benches (Nanson and 
Page, 1983) also form. The point bars are typically 
compound in form, comprising a relatively stable 
`bar platform' (composed of gravel) upon which 
more transient and finer-grained `supra-platform' 
sandy deposits are accreted. Typically the sediment 
size decreases from a coarse, gravelly bar head to a 
sandy bar tail. With lateral migration of the chan-
nel, point bar units are successively attached to 
each other, giving rise to a break of slope termed 
an `inner accretionary bank' (Bluck, 1971). The 
best example of a concave bench is to be found 
upstream of the very tight bend immediately down-
stream from the 1983 cutoff channel (Brazier and 
Werritty, 1992; Figure 2.18). 

Interpretation 

The significance of the site can be demonstrated at 
two contrasting scales. At the macro-scale, the 
Endrick Water displays a fine example of a pro-
gressive change in the morphology of a 
meandering channel as it approaches a local base 
level. Channel sinuosity and channel activity both 
decline as the Loch Lomond outflow is 
approached. At Drymen Bridge, channel palaeo-
forms in the floodplain are particularly well 
developed, and the progressive lateral migration of 
the river can be clearly documented from histori-
cal maps and aerial photographs. There is also an 
instructive sequence of abandoned channels (sev-
eral of which form excellent oxbow lakes) of 
varying ages, which attest both to the former loca-
tion of the main channel and rates of sedimentation 
which arise from overbank floods, notably in the 
winter. 

At a micro-scale, Bluck (1971) has focused on the 
transportation and size-sorting of gravel and finer 
sediment, in relation to pool, riffle and point bar 
sequences along the Endrick Water. The scale of 
the features studied is smaller than in many other 
case studies on meandering rivers and their associ-
ated rates and styles of sedimentation (e.g. Jackson, 
1976), but the scale is appropriate for many UK 
rivers reported elsewhere in this volume (e.g. the 
River Dane in Cheshire). In addition to many exam- 

pies of classic point bars, the site also affords a few 
examples of the less well-known concave bench, 
few of which have, as yet, been recorded in Britain. 

Future research at this site could be developed 
in a number of directions. Bluck's (1971) pioneer-
ing research could be further developed by 
subsurface investigations of the three-dimensional 
geometry of the alluvial units which comprise the 
sedimentary architecture of the floodplain. The 
existence of a recent, and well-dated abandoned 
channel, affords an opportunity to study the rate 
and manner whereby a cutoff channel initially 
becomes an oxbow lake and is ultimately incorpo-
rated into the floodplain. The progressive 
downstream change in channel morphology in 
response to the local base level would also warrant 
more detailed investigation alongside more infor-
mation on the gravel-sand transition in bed 
material. Winter floods supplying overbank fines 
are an important, but neglected part of the history 
of floodplain development at this site. There is 
anecdotal evidence of a change in the flow regime 
over recent decades, attributed to upstream agri-
cultural drainage, which could warrant more 
rigorous investigation. 

Conclusion 

The Endrick Water affords a noteworthy example 
of a lowland meandering river which undergoes 
progressive change in its morphology and a decline 
in its ability to rework its floodplain as it 
approaches Loch Lomond. Historical maps and aer-
ial photographs extend from 1770 to the present 
day, enabling a detailed reconstruction of the for-
mer positions of the channel within its floodplain. 
There are a number of well-preserved remnants of 
former channels, two of which provide classic 
examples of oxbow lakes, thereby affording oppor-
tunities for investigating alluviation at this site over 
the past 200 years. In the upper reaches, the chan-
nel is still actively reworking its floodplain by the 
formation of point bars and other alluvial landforms 
such as concave benches. The recent, and well-
documented, cutoff of a meander loop in 1983 
provides an excellent opportunity for direct inves-
tigation of sedimentation processes within an 
abandoned channel. This site exhibits channel and 
floodplain features typical of an active meandering 
river but increasingly rarely conserved; it is also the 
site of internationally important work on sedimen-
tary structures. 
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DERRY BURN, ABERDEENSHIRE 
(NO 035970) 
L.J. McEwen 

Highlights 

The upper Derry Burn displays an excellent exam-
ple of progressive downstream variation in channel 
morphology, demonstrating adjustment to a local 
base level in an upland environment. 

Introduction 

The upper Derry Burn, in the upper River Dee 
catchment, with its upper reaches draining Loch 
Etchachan and Derry Cairngorm (1155 m), flows 
through an alluvial basin. The reach under study is 
approximately 1.3 km in length. As the channel 
progresses downstream it displays an interesting 
range of channel planform types, in response to a 
rapid downstream decline in channel slope, bed 
material size, bedload transport and width : depth 
ratios. It therefore provides an opportunity to study 

controls on form and rate of adjustment of channel 
morphology. 

Description 

Upstream, the channel is a wandering gravel-bed 
river with local division. With downstream varia-
tion in controls, the channel displays a number of 
planform types, ranging from a sinuous channel 
through to irregular and tortuous meanders. The 
planform controls (i.e. sediment size, sediment 
availability and channel slope) all vary downstream. 
Sediment size (DS~)) in the lower reaches ranges 
from 16 to 33 mm, while the slope is 
0.005 - 0.007. The sediment is derived from the 
alluvial basin as the river reworks the surficial 
deposits, with a locally restricted base level 
imposed by the lower bedrock section (at the 
downstream end of the site). Large numbers of 
palaeochannels, especially tortuous meander neck 
cutoffs, frequently with standing water, indicate 
extensive past reworking of the floodplain. These 
are evident from map, aerial photograph and field 
evidence (Figure 2.19). 

- 4 

Figure 2.19 Derry Burn: a downstream reach displaying tortuous meanders and numerous abandoned channels. 
The alluvial basin is terminated by a bedrock control (to the bottom left of the photograph). (Photo: Royal 
Commission on the Ancient and Historical Monuments of Scotland; print 4188, 106G/SCOT/UK/58: Crown 
Copyright.) 
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Interpretation 

The upper reach of the Derry Burn is particularly 
instructive, as the river planform is close to the 
braiding/meandering threshold (see Leopold and 
Wolman, 1957; Ferguson, 1984). The lower sec-
tions allow assessment of small-scale meandering 
and its pattern of development. 

Changes in channel sinuosity and degree of chan-
nel division over the past 150 years have been 
reconstructed by McEwen (1986). In addition, the 
rates of channel adjustment in response to floods 
of varying magnitude and frequency have been 
established, to an extent rare in upland environ-
ments. It is known, for example, that the 
catastrophic 4 August 1829 floods affected this 
catchment. The estimated recurrence interval for 
this event within the neighbouring Spey basin was 
50 - 100 years (Werritty and Acreman, 1984). It is 
likely that the channel underwent considerable 
widening and large reserves of sediment stored 
within the floodplain were accessed at this time. 
There was considerable downstream variation in 
subsequent modes of channel adjustment to this 
disruptive stress. 

Between 1866 and 1900, in upstream reaches, 
there was large-scale activation of channel-side sed-
iment and channel avulsion, while downstream 
reaches were typified by the cutting through of 
three tortuous meander necks. The major August 
1956 flood, described by Baird and Lewis (1957) in 
the neighbouring Luibeg catchment, also affected 
the Derry Burn. For example, the bridge at the 
downstream end of the site was damaged and 
heavy flood deposition was recorded downstream. 
This flood also disrupted the channel planform 
within the site, mainly increasing the width of the 
active area by up to three times on some cross-sec-
tions, rather than precipitating major cutoffs. 
Clearly, a time lapse must occur before channel 
planform can build up to a subsequent incipient 
threshold condition following a major stress, as 
occurred in 1829 when major process thresholds 
were exceeded. 

Even in such a remote catchment, the impact of 
human activity cannot be ignored. It is known that 
the river was dammed in the 19th century (see OS 
1: 10 560 Second edition 1900) linked to the log-
ging industry. Deforestation of the catchment and 
floodplain occurred over a similar timespan (see 
Steven and Carlisle, 1959), with likely impacts on 
runoff regime, sediment supply and floodplain sta-
bility. 

This site is of value because of the progressive  

downstream change in channel morphology and 
the influence of a local base-level control. It pro-
vides an opportunity to study the controls on 
channel form and interrelations of characteristics, 
and to study the rate and sensitivity of adjustment 
of morphology. In addition, the impact of major 
flood events has been documented in detail. 

Conclusion 

This site is exceptional in terms of the rapidity of 
its downstream change in morphology, the inten-
sity of its small-scale meandering and its 
documented history of meander adjustment to 
floods and sediment inputs. The suite of 
palaeochannels, indicating periods of much greater 
floodplain utilization and reworking, deserves fur-
ther investigation, including dating. 

RIVER BALVAG DELTA, STIRLING 
(NN 560153) 
L.J. McEwen 

Highlights 

Within a confined area, this site provides good 
examples of fluvio-lacustrine features which have 
hitherto been relatively neglected in Scotland, but 
which now warrant more attention. 

Introduction 

Loch Lubnaig is situated within the upper River 
Teith catchment of the River Forth Basin, in the 
Central Highlands of Scotland. The prograding 
delta, where the River Balvag flows into Loch 
Lubnaig, is shaped like a spit and provides an 
exceptional example in Scotland of the importance 
of river regime, sediment-size characteristics and 
vegetation type as controls on the types and rates 
of landform development in a low-energy, fluvio-
lacustrine environment. 

Description 

Loch Lubnaig occupies a narrow rock basin exca-
vated across a pre-glacial watershed (Whittow, 
1977). The River Balvag drains downstream suc-
cessively Lochs Doine and Voil, and this dampens 
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Figure 2.20 The River lialvag delta: a narrow spit-shaped delta prograding into Loch Lubnaig (to the bottom of the 
picture) with upstream strathlochans in various stages of development. (Photo: Royal Commission on the Ancient and 
Historical Monuments of Scotland; print 018, 51188; flown June 1988: Crown Copyright.) 

and substantially moderates the magnitude of its 
flood flows. In fact, Loch Voil is only c. 5 m above 
Loch Lubnaig although it is 6.5 km distant. 
Progressing in a downstream direction, the River 
Balvag has a straight to sinuous channel pattern and 
is characterized by a low slope and channel bed 
material composed mainly of sand and fine gravel. 
Its banks are continuously bordered with alder 
right down to the spit mouth. These trees provide 
an inherent stability in the course taken by the 
channel to the loch, despite frequent overbank 
inundation. The straight reaches can be up to 20 
channel widths in length. 

Localized channel shifting or avulsion over the 
floodplain area has, however, taken place in the 
past, with palaeochannel location indicated by dou- 

ble rows of alder. Although there have been several 
bathymetric surveys of the loch (e.g. by Murray and 
Pullar in 1910; Asaad, 1982), little attention has 
been focused on the impact of the River Balvag on 
this lacustrine environment. The progradation of 
the river/loch interface appears to be rapid, with 
the gradual sedimentation through frequent over 
bank floods aggrading the neighbouring flat and 
marshy floodplain area. The curious long, spit-
shaped narrow delta (Roinn Mor), with excellent 
examples of well-developed natural levees, extends 
for over 100 m into Loch Lubnaig (Figure 2.20). 
Murray and Pullar in 1910 note that silting up was 
taking place within the delta, with the develop-
ment of `tongues of alluvium' at the head of Loch 
Lubnaig. Strathlochans, small water bodies 
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Figure 2.21 The tree-lined channel of the River BaR.ig a nil the delta prograding into Loch Lubnaig: (Photo: L.J. 
McEwen.) 

bounded by alluvial deposits due to sedimentation 
at the entrance to the loch, are also characteristic 
of the process of sedimentation in this type of 
fluvio-lacustrine environment. The delta currently 
appears to be in the process of isolating a new 
strathlochan (Figure 2.21) to the west, with loch 
depths of less than 5 m in this area (see Asaad and 
McManus, 1986). 

Interpretation 

The straightness of the River Balvag is noteworthy, 
since it is very unusual to have naturally straight 
channels over distances longer than a few channel 
widths. The delta is both unusual in shape and 
length and has been made a more permanent fea-
ture by the growth of alders which extend along 
the river banks right to its tip and have stabilized 
the location of the channel. 

There are also good sites for studying the pro-
gressive development of strathlochans (for 
example, Lochan Buidhe; see Duck, 1984), where 
the development of the spit into the loch has iso-
lated a small lake. The rate of this accumulation of 
sediment and subsequent vegetation colonization 
is indicated by the fact that the `little pool known 
as Lochan Buidhe' was almost isolated from the rest  

of Loch Lubnaig in 1951 (Forestry Commission, 
1951, p.2). Certainly the Military Survey of Scotland 
(1747 - 55) by William Roy indicates the lochan 
area as part of the loch, while the 1866 and 1898 
1: 10 560 OS maps indicate rapid isolation of 
Lochan Buidhe, with an outflow channel to Loch 
Lubnaig. 

The Forestry Commission (1951) also report that 
severe floods occur nearly every winter when the 
River Balvag floodplain is periodically inundated 
with floodwater. This is confirmed in the field by 
the presence of high flood trash lines in the alder 
which border the channel. Also important in the 
accumulation of sediment is the colonization of 
flood deposits by rushes, which facilitate further 
trapping of sediment. This assists both in the pro-
gressive reduction in the surface area of the 
isolated strathlochans and also in the general exten-
sion of the area of accumulation into Loch Lubnaig 
itself. 

Conclusion 

The analysis of rates of sedimentation and modes 
of deltaic development within this unusual low-
energy environment promises to provide 
interesting results, especially as current rates of 
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sediment accumulation appear to be high. 
Contrasts can be made with more dynamic chan-
nel switching at the delta where the River Coe 
enters Loch Achtriochtan in the Western Highlands 
of Scotland (a coarse-grained, high-energy environ-
ment). Thus, although no detailed monitoring of 
sedimentation rates and associated landform devel-
opment has taken place at this site to date, this is 
an area in which important contributions could be 
made in the future. 

which have been terraced and are locally undercut 
by actively migrating channels. 

Although, in terms of floodplain morphology, 
three distinct zones were identified by Lewin and 
Weir (1977), only two of these occur within the 
designated area (Figure 2.22). These zones are cat-
egorized on the basis of their proximity to the 
present active channel. The first zone comprises 
the present active sinuous channel, characterized 

THE LOWER RIVER SPEY, MORAY 
(NJ 345625) 
U. McEwen 

Highlights 

The lower River Spey, below Fochabers in Moray, 
provides an unusual fluvial environment as the 
channel planform is actively braided right down to 
the river's mouth. The neighbouring floodplain 
possesses numerous palaeochannels, which can be 
related to both recent channel activity and the past 
geomorphic impact of extreme floods. 

Introduction 

Extremely braided channel planforms are rare in 
Britain, particularly in the lower reaches of major 
rivers. The lower River Spey is a highly divided and 
active river, characterized by rapid rates of lateral 
migration and abandonment of palaeochannels, 
and as such is atypical of British rivers in their 
lower reaches. 

Description 

The designated reach on the River Spey, approxi-
mately 5 km in length and on average 1 km in 
breadth, forms one of the most extensively braided 
rivers in Britain. With highly erratic changes in the 
location of the main channel (Hinxman, 1901), this 
site provides the closest approximation in the UK 
to a high-energy, sandur environment. Sediment 
size is highly variable throughout the site, ranging 
from sand to coarse cobbles, with the b-axis of bed 
material > 256 mm common near the mouth 
(Lewin and Weir, 1977). The margins of this 
recently formed valley floor comprise coarse 
fluvioglacial deposits of Late Pleistocene age, 

Spey Bay 

Unvegetated gravel and shingle iossd River 
Woodland and scrub 	—' Road 
Unwooded area 	 1 Quarry 

Built-up area 	N 	 Yy Abandoned 
Drain 	 railway line 

Golf course 

Figure 2.22 The geomorphology of the Lower Spey. 
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by emergent gravel bars. The second incorporates a 
zone of scrub and woodland, which has been 
either re-occupied or reworked by the river over 
the past 200 years. The present channel thus has a 
sinuous to irregular planform with good examples 
of a variety of bar types at a range of scales, each 
type having a history of rapid reworking (Figure 
2.23). These different types have been studied from 
aerial photographs by Lewin and Weir (1977), who 
identified a predominance of rhomboid to asym-
metric elongated bar forms. There is considerable 
local variation in sediment size within the braided 
channels, as seen for example in the cross-section 
beneath the River Spey viaduct. 

The River Spey floods regularly; notable major 
floods affecting the lower river having occurred in 
1829, 1956, 1970 and 1993 (see Lauder, 1830; 
Green, 1958, 1971). 

Interpretation 

The lower River Spey possesses a number of dis-
tinctive characteristics which account for its 
unusual planform. These include unusually steep 
slopes for a river close to its marine limit, a wide 
floodplain within which the river can migrate and 
rework its valley floor, and high velocities associ-
ated with a highly variable runoff regime. 

Substantial sediment inputs from a variety of sedi-
ment sources (channel, banks, floodplain and 
terraces, but also from gullies south-east of 
Fochabers; Grove, 1955) are also readily available. 

The degree of braiding present at the site in zone 
one (the currently active sinuous channel; Lewin 
and Weir, 1977) is highly stage-dependent, with 
low-stage emergent bars drowned out at higher 
flows. However, as the stage continues to rise, the 
degree of braiding once again increases as old flood 
channels proximal to the present channel become 
re-occupied. The second woodland zone is inactive 
under normal flow conditions, although it is known 
that this whole area was reactivated during the cat-
astrophic 4 August 1829 flood (Lauder, 1830). 
Many of the older palaeochannels, distant from the 
present channel, may have been initiated at this 
time. 

This second zone is also important as the focus 
for reconstructing channel changes (especially 
fluctuations in the intensity of braiding over the last 
200 years) from map sources. All of the maps and 
plans from the 1870s and 1880s showed increased 
braiding (particularly differences in the type of 
braiding present and more larger gravel bars) in 
comparison to the present channel pattern (Lewin 
and Weir, 1977). The reduced active area at pre-
sent has been attributed to increased constraints on 
channel activity during the 20th century, such as 
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Figure 2.23 The dissected diagonal bar within the highly-active braided channel of the lower River Spey. Many of 
the smaller-scale sedimentological features (chutes incised within the bar and marginal sand sheets) are very 
ephemeral, being formed and destroyed by successive floods. (Photo ̂  L.J. McEwen.) 
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afforestation of the floodplain and artificial con-
finements imposed on the river in order to protect 
floodplain interests. Changes in catchment runoff, 
flood frequency and sediment availability are other 
possible explanations which require further inves-
tigation. 

Lewin and Weir (1977) estimate that the River 
Spey has reworked approximately half its valley 
floor over the past 100 years but, despite the large 
amounts of sediment flushed through the system, 
they found that the actual level of the floodplain has 
altered little. The large throughput of sediment to 
the sea is reflected in the repeated necessity to 
dredge the mouth of the Spey below the designated 
area (see Inglis et al., 1988). There is on-going 
research into the dynamics of the lower Spey both 
as a sediment source for coastal processes and also 
in terms of potential flood alleviation schemes at 
Garmouth (see Aberdeen University Engineering 
Services Consultancy Report, 1994). 

This reach therefore warrants more detailed 
study into the nature and periodicity of channel 
pattern adjustment in response to floods of differ-
ent magnitudes and frequencies. Any geomorphic 
assessment needs to evaluate changing floodplain 
stability over time in response to human interven-
tion. Historical studies such as that pioneered by 
Lewin and Weir (1977), together with more gen-
eral palaeohydraulic reconstructions, may provide 
further insights into the process-form relationships 
in this unique environment. 

Conclusion 

The Lower River Spey provides a highly unusual 
fluvial site in Great Britain, due to the scale and 
intensity of braiding on a river near its mouth and, 
as such, allows study on an unsurpassed scale of 
large-scale channel adjustment in a braided river 
environment. The high intensity of channel subdi-
vision is induced by atypical controls (high slopes, 
large sediment size) for a lowland river system. The 
resultant planform is exceptional in both the scale 
of braiding and the extent of its palaeochannel net-
work. Records of periods of planform expansion 
both in response to catastrophic floods (such as 
that of August 1829) and to changes in catchment 
controls (e.g. afforestation) make this a site at 
which rapid channel change has been registered 
over the past 200 years. Present rates of planform 
change and associated bar and floodplain rework-
ing can thus be viewed within a longer historical 
perspective. 

GLEN FESHIE, HIGHLAND 
(NN 846914, NN 853974, NH 850023 
AND NH 845051) 
A. Werritty and L.J. McEwen 

Highlights 

Glen Feshie contains an assemblage of exceptional 
fluvial landforms and encompasses some of the 
most active reaches of channel presently found in 
Britain. The development of the valley floor from 
deglaciation to the present has been the subject of 
numerous investigations, making this the most 
important valley in Scotland and of international 
renown for the study of fluvial forms and 
processes. 

Introduction 

The River Feshie (the headwaters of which rise in 
the Cairngorm and Gaick plateaux) is a north-
flowing tributary of the River Spey. Throughout its 
course, the river provides a series of outstanding 
examples of alluvial landforms (terraces and allu-
vial fans) and active, highly divided channels. As a 
result the river and its adjacent valley floor have 
been the object of intensive research since the mid-
1970s, including parts of four doctoral dissertations 
(Innes, 1982; McEwen, 1986; Robertson-Rintoul, 
1986a; Brazier, 1987). The following outline 
account traces the major investigations into the 
evolution of the valley floor from deglaciation c. 
13 000 BP to the present. 

The geomorphic impact of ice-sheet wastage in 
lower Glen Feshie is discussed in detail by Young 
(1975) and Sissons (1974a). The latter also mapped 
the limits of the small Loch Lomond Readvance 
outlet glaciers which descended from the Gaick ice 
cap into the upper valleys of the Feshie. 
Glaciofluvial landforms are abundant in the lower 
part of the catchment and local accumulations of 
outwash materials are 10 m thick. Young (1976) 
identified three stages of terrace development 
within these deposits. More recently, five terrace 
levels have been identified in the lower part of the 
valley by Robertson-Rintoul (1986b) on the basis of 
soil-stratigraphic relationships. During the 
Holocene, the river trimmed the distal margins of 
fans and cones in the upper part of the glen 
(Brazier and Ballantyne, 1989). Rates of channel 
change are remarkably high for the British uplands 
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and have resulted in extensive reworking of the 
floodplain over the past 200 years (Werritty and 
Ferguson, 1980; McEwen, 1986; Werritty and 
Brazier, 1991a). 

Description 

The River Feshie is a right-bank tributary of the 
River Spey and drains a catchment area of 240 km2  
in the western Cairngorms (Figure 2.24). Most of 
the drainage basin is underlain by Moinian schist 
which lies at 700 - 1000 m, but to the north-east, 
on the Cairngorm granite batholith, the basin rises 

Figure 2.24 The drainage basin of the River Feshie, 
with sites referred to in the text. A, Allt Garbhlach allu-
vial fan and river terraces: B, Alit Lorgaidh alluvial fan; C, 
Upper Glen Feshie debris cones; D, River Feshie upper 
braided reach; E, River Feshie lower braided reach; F, 
River Feshie confluence alluvial fan. 

to 1265 m. The basin is bisected by a steep-sided 
glacial trough (Linton, 1949) through which the 
river flows westwards before turning north at 
about 400 m into the wider, lower valley cut into 
glacial tills and outwash. These glacigenic deposits 
are restricted to the valley floor and lower slopes, 
the bedrock on the plateaux (600 - 800 m) being 
mantled by blanket peat. Sparse remnants of the 
native Scots pine (Pin us sylvestris) forest are found 
in the lower part of the glen, but these give way to 
a Calluna-Ernpetrum heath, alpine grassland and 
almost bare frost-shattered regolith on the highest 
ground (Steven and Carlisle, 1959). The lower 
course of the river is confined locally by bedrock, 
and more extensively by Lateglacial and Holocene 
terraces, but in three reaches (upper Glen Feshie, 
lower Glen Feshie and the confluence) it is free to 
migrate laterally and is actively reworking its flood-
plain. 

There are five main assemblages of fluvial land-
forms to be found in Glen Feshie, each of which is 
described in turn. 

Terraces and alluvial fans 

The valley fill in Glen Feshie was created at the end 
of the Dimlington Stadial as the ice sheet in the 
glen downwasted in situ (Young, 1975). Three 
groups of landforms comprise the major geomor-
phological features within this valley fill (Figure 
2.25) and are extremely well-exhibited in the reach 
from the Alit Fhearnagan to the Alit Garbhlach 
(Werritty and Brazier, 1991a): 

1. kame and kettle landforms and an associated 
extensive palaeosandur; 

2. an extensive suite of terraces; 
3. tributary valley alluvial fans. 

The dominant landform assemblage is the Alit 
Garbhlach fan and dissected palaeosandur. The lat-
ter is pitted with kettle holes between which fossil 
braided channel networks can be traced. Partially 
buried by fan deposits but projecting above the 
level of the fan are several kames. The fan was 
probably built during the later stages of Late 
Devensian ice-sheet deglaciation, c. 13 000 BP 
(Robertson-Rintoul, 1986b). 

Within this reach, lying some metres below the 
level of the 13 000 BP pitted outwash, is a group of 
three low-level terraces. The highest of the ter-
races, dated by soil-stratigraphic methods at 10 000 
BP, is about 5 m above present river level 
(Robertson-Rintoul, 1986b). The middle terrace is 
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Figure 2.25 The geomorphology of the Allt Garbhlach-Alit Fhearnagan area of Glen Feshie. (From Robertson-
Rintoul, 1986a; Werritty and Brazier, 1991a.) 

about 3 m above the present river and has been 
dated to 3600 BP, and the lowest terrace (c. 1.5 m 
above the present river) has been dated to c. 1000 
BP. All of the more extensive terrace fragments 
possess well-developed braided palaeochannel net-
works on the terrace surfaces. 

In the upper braided reach of the River Feshie 
(see section below) where the valley floor is almost 
700 m wide, the terrace fragments become laterally 
very extensive (Figure 2.26). The high dissected 
palaeosandur is not represented in this reach:  

instead, the terraces comprise three low-level Late 
Holocene surfaces (dated by soil-stratigraphic 
methods at 3600, 1000 and 80 years BP; 
Robertson-Rintoul, 1986b). At the upstream end of 
this reach the tributary valley of the Allt Lorgaidh 
terminates in a complex alluvial fan composed of 
debris transported by meltwaters from the Gaick 
ice cap. This was an outlet tongue which 
descended into Glen Feshie during the Loch 
Lomond Stadial (Sissons, 1974a). The three age 
units on the eastern side of this fan correlate with 
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Figure 2.26 The upper l)I1Ided reach iii (Jeri leshie. l le Allt Lorgaidh descends from the Gaick plateau across a ter-
raced alluvial fan (A). The 2 km long braided reach of the River Feshie (B) is the most active section of a gravel-bed 
river in Britain. (Photo: Cambridge University Collection AGJ 36 (23/7/62): Copyright Cambridge University.) 

the low-level Holocene terraces in the upper 
braided reach. Erosion by the present Allt Lorgaidh 
stream on the western side of the fan has exposed 
a buried podzol with an organic-rich layer (dated 
by i4C at 3620 ± 50 BP, Robertson-Rintoul, 
1986b). This gives an estimated age for the initia-
tion of late Holocene sediment aggradation in the 
tributary valley which in turn buried the former, 
possibly Loch Lomond Stadial age surface on the 
upper terrace of the Allt Lorgaidh fan. 

Glen Fesbie debris cones 

Three coalescing debris cones have built out from 
the steep gullied walls of the glacial trough in 
upper Glen Feshie at a mean altitude of 390 m. 
These gullies are cut into the Moinian schist of 
Creag na Caillich, from which sediment has been 
readily supplied into a set of coalescing cones. 
Basal erosion of these cones by the River Feshie has 

resulted in the exposure of an extensive section 
over 60 m long and in places up to 10 m high 
(Figure 2.27). The exposure consists almost 
entirely of coarse debris flow deposits, with poorly 
sorted and dominantly angular clasts embedded in 
a coarse sandy matrix. These deposits extend down 
to the level of the river, with the exception of the 
northernmost cone which has buried a low river 
terrace (Brazier and Ballantyne, 1989). 

Radiocarbon dating of organic material (mainly 
woody roots) has been undertaken to establish the 
timing of debris cone initiation and the subsequent 
periodicity in debris flow activity at the site. The 
results indicate that aggradation of these debris 
cones in upper Glen Feshie was initiated by c. 2000 
BP. The site may then have remained stable for c. 
1700 years until, within the last 300 years, rapid 
and episodic debris flow aggradation formed the 
bulk of the deposits at present visible in a stream-
cut expcsure (Brazier and Ballantyne, 1989). 
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Figure 2.27 (a) The surveyed section across the base of the Glen Feshie debris cones, showing boundaries between 
individual debris flow units. (b) Detailed sections at sampling sites 1-4. (After Brazier and Ballantyne, 1989.) 

River Feshie: the upper braided reach 

Active low-sinuosity channel patterns in Britain are 
associated with high stream power, which the 
River Feshie possesses by virtue of its combination 
of a steep channel gradient (averaging 0.009 in this 
reach) and frequent large floods (Ferguson, 1981). 
This site, which drains a catchment area of 
110 km2, records a mean flow of 3 - 4 m3s-1  and 
peak flows > 100 m3s-1. Channel capacity varies 
throughout the reach, but bankfull discharges are 
estimated to lie between 20 and 30 m3s-1  and the 
mean annual flood is around 70 - 80 m3s-1. The 
river is very flashy by British standards, as evi-
denced by the fact that one summer flood rose to 
over 100 m3s-1  in under 2 hours, and was over 
within 24 hours (Ferguson and Werritty, 1983). 

Given this hydrological regime and a relatively 
steep slope, the river at this site is actively rework-
ing the non-cohesive sediments that comprise the 
valley floor (Werritty and Ferguson, 1980). The 
result is a braided channel pattern that displays a 
scale of channel subdivision that is exceptional 
within upland Britain (Figure 2.28). Bedload trans-
port is episodic but highly significant during floods, 
with substantial volumes of bed material (D50  c. 
45 mm) being mobilized. This results in the 
episodic development of gravel bar complexes, 
which is accompanied by channel cut and fill of 
0.5 m per year and bank erosion that can locally 
exceed 10 m per year, making this probably the 
most active river in Britain relative to its width 
(Ferguson and Werritty, 1983). 
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Figure 2.28 The upper braided reach, 1869 - 1971. Changing channel patterns mapped in successive editions of 
Ordnance Survey large-scale maps: (a) First edition survey, 1869; (b) Second edition resurvey, 1899;  (c) Metric edition 

survey, 1971. (After Werritty and Ferguson, 1981.) 
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The basic geomorphic unit present throughout 
this reach is the `bar-pool-riffle' sequence, the 
development of which controls the detailed con-
figuration of the whole channel system. Bar growth 
can cause avulsion, but more commonly it is 
accompanied by bank erosion together with 
changes in the flow distribution within the chan-
nel. This often results in the abandonment of inner 
channels and the attachment of alternate bars to 
the bank. An idealized model was derived by 
Ferguson and Werritty (1983) based on detailed 
analysis of channel development at this site over a 
period of 6 years. Tracer experiments and direct 
measurement of bed shear stress and bedload trans-
port have enabled this model to be refined and 
extended (Ferguson and Werritty, 1991). 

In addition to diagonal bars, other types of bars 
are also found at this site. These include the 'longi-
tudinal' and `transverse' bars of Smith (1974) and 
the `lateral' and 'medial' bars of Bluck (1976), the 
former often becoming attached to one bank, 
thereby being converted into the latter. Bar sur-
faces are typically decorated by falling-stage 
sediments of a finer grade than that of the main bar 
platform. A range of primary and secondary sedi-
mentary structures can be inspected during low 
flows. Bars typically have cobble and gravel frame-
works with infill and superficial lobes of finer 
material. Transport rates during major floods are so 
high locally that coarse cobble sheets are often 
deposited across the floodplain. 

River Fesbie: lower braided reach 

The lower River Feshie near Lagganlia, draining a 
catchment area of 205 km2, displays a channel 
planform with many similar elements to those of 
the upper braided reach (see section above). The 
designated reach is located between the 
confluences of the Feshie with the tributaries Allt a' 
Mharcaidh and Allt Ruadh, a distance of approxi-
mately 2 km. The planform is that of a wandering 
gravel-bed river, with an area of active reworking 
varying between 100 and 200 m and confined at 
the margins by the rate at which the glaciofluvial 
terraces can be undercut (Young, 1976; Werritty 
and Brazier, 1991a). 

This site is noteworthy since the frequent shift-
ing and abandonment of channels together with 
the regular reworking of both medial and lateral 
bars (Buck, 1978; Werritty and Brazier, 1991a) have 
resulted in some of the highest rates of channel 
change recorded in Scotland. It thus provides good 
examples both of intra-channel avulsion around  

unstable, unvegetated gravel bars, together with 
extra-channel avulsion re-occupying former chan-
nels located on the floodplain and low terraces (cf. 
Ferguson and Werritty, 1983). Analysis of bankfull 
stream power demonstrates that the river is com-
petent to transport the bed material (D50 
90 - 110 mm) and thus adjusts its planform in 
response to floods which occur at least once a year 
(McEwen, 1986). Larger floods (e.g. that of 
February 1990) can access greater reserves of sedi-
ment either flushed down from coarse-grained 
sediment stores in the upper reaches or derived 
from undercutting local glaciofluvial terraces 
(Werritty and Brazier, 1991a). The release of such 
sediment typically results in extensive planform dis-
ruption. In the late 1980s, an unsuccessful attempt 
was made to channelize this reach in order to 
reduce the impact of flooding and bank erosion 
(Werritty and Brazier, 1991a). This site is also an 
important sediment store within the Feshie system 
and periodically releases sediment through the 
Feshie gorge to be redeposited within the Feshie 
confluence fan site (see below). 

The Feshie confluence alluvial fan 

The alluvial fan above the confluence of the River 
Feshie with the River Spey provides an exceptional 
example of a low-angle, highly active gravel fan, on 
a scale rarely seen in Scotland (Figure 2.29: 
Werritty and Brazier, 1991b). The River Feshie, 
which at this site drains an area of 234 km2, 

debouches from the confinement of a bedrock 
gorge at Feshiebridge and, as a result of the dra-
matic reduction of its slope downstream, has 
deposited a large volume of reworked glacigenic 
sediments over a wide area. This fan also acts as a 
local base level for the River Spey, damming the 
outflow from Loch Insh, since the coarse material 
comprising the fan is accumulating more rapidly 
than it can be evacuated by the Spey (Werritty and 
Brazier, 1991b). The present active fan is involved 
in reworking only a small portion of the palaeofan 
surface formed during the Lateglacial as the ice 
sheet downwasted (Young, 1976). The present 
channel is sinuous to wandering in planform with 
various degrees of channel subdivision present 
depending on the date of observation. Sediment 
size (D50) varies between 70 and 120 mm directly 
below the Feshiebridge gorge and decreases 
towards the distal part of the fan. 

Channel change at this site has been investigated 
by McEwen (1986) and Werritty and Brazier (1991b), 
using historical maps, Ordnance Survey maps and 
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Figure 2.29 The geomorphology of the confluence of the River Feshie with the River Spey: based on aerial photo-
graph of July 1991. (After Werritty and Brazier, 1991b.) 

aerial photographs. Analysis reveals a major avulsion 
in the mid-1860s, following which the location of the 
distributary system was contained within a well-
defined corridor at the distal end of the alluvial fan. 
This channel alignment persisted until the flood of 
1990, which triggered a fresh avulsion. The processes 
leading up to this avulsion were similar to those 
reported for the upper braided reach (Ferguson and 
Werritty, 1983) and involved steady aggradation of 
the channel bed within the distributary channels. In 
1990, the flood flows breached the margins of this 
central corridor and created a new main channel to 
the River Spey across agricultural land, re-occupying 
an alignment last utilized in the 1860s (Werritty and 
Brazier, 1991b). This in turn generated a demand by 
the local landowners that both the Spey and the 
Feshie be channelized to reduce the damage caused 
by flooding and to stabilize the course of the Feshie 
across its alluvial fan. As a result of this, some artificial 
realignment of the course of the Spey has been per-
mitted immediately downstream of the confluence 
(Brazier and Werritty, 1994). 

Interpretation 

Glen Feshie represents the most important fluvial 
site in Scotland because it encompasses such a rich 
assemblage of fluvially-derived landforms. It is of 
international significance for the study of 
Lateglacial and Holocene valley floor development 
since it has provided the type site for the develop-
ment of an alluvial chronology based on soil 
stratigraphy. It also demonstrates with remarkable 
clarity the complex nature of the coupling of slope 
and channel processes in the Scottish uplands and 
the highly episodic nature of fan and debris cone 
development. Finally, it provides a number of loca-
tions at which the processes controlling the 
development of gravel-bed rivers have been 
directly studied. From this work a general evolu-
tionary model has been developed for 
coarse-grained alluvial channels. In sum, this is an 
exceptional site for the study of gravel-bed rivers 
on account of the rich diversity of past and present 
fluvial processes and landforms. 
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Conclusion 

The Lateglacial, Holocene and present-day devel-
opment of the valley floor of Glen Feshie is now 
extremely well-documented, making this the most 
important valley in Scotland in terms of the study 
of fluvially derived landforms. The sequence of 
events documenting the development of the valley 
floor is summarized below. 

Following deglaciation during the Late 
Devensian, a pitted sandur surface was deposited, 
inset within which a series of alluvial terraces 
developed throughout the Holocene. Large alluvial 
fans developed on the main valley floor at 
confluence sites from tributary valleys, in response 
to episodic releases of large quantities of sediment 
from the steeper tributary streams. At other sites at 
which slope processes have constructed debris 
cones directly on to low terraces and the adjacent 
floodplain, substantial debris flow activity is 
reported over the past 300 years. Within the same 
timescale, in response to a flashy runoff regime and 
a steep slope, the River Feshie has extensively 
reworked its valley floor in three major reaches. 
This has resulted in the development of one of the 
most active and highly divided channel systems in 
upland Britain. 

THE ALIT DUBHAIG, PERTHSHIRE 
AND KINROSS (NN 635740) 
A. Werritty 

Highlights 

The Allt Dubhaig provides a superb example of a 
small gravel-bed stream in which the very rapid 

downstream fining of bed material can unequivo-
cally be attributed to selective transport. 

Introduction 

The site comprises a 3.2 km long reach of the Allt 
Dubhaig, a gravel-bed stream occupying part of the 
Pass of Drumochter, whence it flows southwards 
into Loch Garry and ultimately into the River Tay 
(Figure 2.30). The stream is notable for its highly 
concave long profile caused by the locally imposed 
base level produced by the alluvial fan adjacent to 
the outflow of Loch Garry. This rapid decrease in 
channel gradient has, in turn, generated a dramatic 
decrease in the size of the bed material and pro- 
gressive changes in channel planform from near 
braided, through meandering to stable sinuous 
channel types. During its 3.2 km length the chan-
nel receives minimal additional discharge from 
tributaries and no lateral inputs of sediment 
(Ferguson and Ashworth, 1991). 

The site has been selected as a suitable location 
for examining the role of selective transport in the 
downstream fining of bed material independent of 
the process of abrasion. The site has also been used 
to calibrate and verify a numerical sediment rout-
ing model which successfully simulates the field 
results (Hoey and Ferguson, 1994). The empirical 
results from a two-year programme of tracers (1460 
tracer pebbles in six sub-reaches) plus bedload data 
collected from a bedload trap have demonstrated 
slightly size-selective transport (Wathen et al., 
1995). The upper part of the Allt Dubhaig has also 
been the subject of a detailed tracer-based investi-
gation of downstream sediment fluxes and local 
vertical exchanges of sediment (Drew, 1992). More 
recently, two sub-reaches have been intensively 
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Figure 2.30 Allt Dubhaig from its emergence from hummocky moraine to its diversion into Loch Garry. The dis-
tances recorded provide reference points for features reported in the text. (After Ferguson et al., 1996.) 
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Figure 2.31 (a) Upper Alit Dubhaig, illustrating the character of the near-braided channel (A), a meandering channel 
with active point bars (B) and palaeochannels on the adjacent floodplain (C). (b) Lower Allt Dubhaig, illustrating the 
character of the stable sinuous channel (A) with fixed point bars (B), levees (C) and flood basins (D). (Photos: A. 
Werritty.) 

analysed using precise and highly detailed topo-
graphic survey and a large-scale tracer study. This 
has enabled sediment budgets and sediment 
response times to be derived for these two con-
trasting sub-reaches comprising active braids and 
stable alternate bars (Wathen, 1995). The stable sin-
uous reaches located in the lower part of the site 
have also been used to examine the processes 
which generate a rapid transition from gravel to 

sand-sized bed material (Sambrook-Smith and 
Ferguson, 1995). 

Description 

The Allt Dubhaig is an alluvial channel which rises 
in Dalnaspidal Forest close to the main divide 
(> 1000 m) which separates the north-flowing 
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tributaries of the River Spey from the south-flowing 
tributaries of the River Tay. The study reach is 
located in the Pass of Drumochter, a NW-SE 
aligned glacially eroded trough on a valley floor 
410 - 440 m above sea level. The alluvial reach 
starts at the point at which a mountain torrent (the 
Allt Coire Dhomhain) emerges from an area of 
hummocky drift on to the main valley floor and 
crosses several rocky sills, all distances quoted 
below being downstream of this point. Local base-
level control is exerted by an alluvial fan at 3.2 km 
near the outflow of Loch Garry, causing the chan-
nel gradient to decline from 0.02 at 0 km (where 
the channel is 20 m above base level) to less than 
0.003 at 2.5 km, and then abruptly to 0.0002 after 
the bed changes from gravel at 2.7 km to sand at 
2.9 km (Sambrook-Smith and Ferguson, 1995). 

Associated with this decline in gradient are pro-
gressive changes in channel pattern in a 
downstream sequence: (1) near-braided; (2) mean-
dering with active point bars; (3) meandering with 
active outer-bank talweg; (4) stable, sinuous equi-
width; and (5) stable, sinuous with levees and flood 
basins (Ferguson and Ashworth, 1991). These tran-
sitions in channel pattern generate only a slight 
increase in bankfull depth; thus mean bed shear 
stress only decreases from c. 100 to < 30 Pa along 
the gravel-bed reach and then to < 2 Pa at the 
gravel-sand transition (Ferguson et al., 1996). The 
final channel pattern (stable, sinuous with levees 
and flood basins) is probably of recent origin fol-
lowing a hydroelectric diversion sluice built in 
1935 at the downvalley end of the fan (3.9 km). 
This has raised water levels by up to 1 m, causing 
backswamp flooding for much of the year behind 
the low levees which flank the lower part of the 
channel (Figure 2.31). 

Outlet glaciers from the nearby Gaick Plateau 
ice cap occupied the valley during the Loch 
Lomond Stadial (Sissons, 1974a; Walker, 1975) 
11 000 - 10 000 BP, with remnants of the associ-
ated hummocky drift still being located marginal to 
the valley. Bank erosion rates exceeding 1 m per 
year have been recorded in the upper part of the 
valley, and readily identified palaeochannels have 
been attributed to a major avulsion between 1860 
and 1930 (Ferguson et al., 1996). Beyond 2 km 
most of the valley floor is marshy and coring has 
revealed deep silty sands and peat, with gravel only 
occurring within 20 m of the modem channel. It is 
inferred that the lower course of the Alit Dubhaig 
has been laterally stable and has prograded over a 
fine valley fill, possibly an ice-dammed lake. The 
evidence of proximal avulsion and distal aggrada- 

tion suggests that the channel as a whole has been 
aggrading as a result of base-level control and con-
tinues to do so, as expected on such a concave 
long profile. 

The bulk of the water and sediment enters the 
alluvial reach of the Allt Dubhaig from upstream. 
Given the small catchment area (13 km2  upstream 
and 16 km2  downstream), the runoff regime is very 
flashy, with heavy rainfall or rain on snow generat-
ing a bankfull discharge of about 11 m3  s-I  several 
times a year (Black and Werritty, 1993). Lateral 
inputs of sediment are also negligible with minimal 
coupling of the modern channel and the hillsides. 
The bedload of the river is thus derived from 
reworking its alluvial floodplain and by transport-
ing the wide range of sizes released from the 
hummocky moraines adjacent to the Allt Coire 
Dhomhain upstream of the alluvial reach. The bed 
material comprises late Precambrian psammitic 
schists with some granitic clasts of glacial erratic 
origin. Laboratory abrasion tests undertaken by P. 
Brewer and J. Lewin (University of Wales, 
Aberystwyth) recorded weight losses of < 0.3% 
per 2.5 km of simulated transport, thus excluding 
abrasion as a significant process contributing to 
downstream fining (Ferguson et al., 1996). 

Interpretation 

Detailed investigations at this site have produced 
much field evidence in support of selective trans-
port as the mechanism for generating the 
downstream fining. Thus pebble counts at 120 
sites, backed up by large bulk samples at 11 sites, 
show an 80% reduction in D50  (Figure 2.32) orders 
of magnitude greater than the 0.1% reduction 
inferred from laboratory abrasion tests of the same 
sediment (Ferguson et al., 1996). The tracer pro-
gramme revealed a clear pattern of travel distances 
decreasing downstream, with the coarser tracers 
moving less far. The data from the bedload trap 
showed size-selective transport across the full 
range of flows. The field-based analyses from this 
site have also been successfully integrated with 
both flume-based studies and numerical modelling 
to produce a general and robust model of down-
stream fining (Hoey and Ferguson, 1994). 

The rapid change in channel and sediment char-
acteristics and the lack of inputs within this short 
reach make the site an exceptional natural labora-
tory for fluvial studies. Several major projects have 
now enhanced the scientific value of this site. 
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Figure 2.32 (a) Long profile of Alit Dubhaig. (b) Downstream fining on the Alit Dubhaig for D511  and D84. 

Conclusion 

The Alit Dubhaig offers a superb site within which 
to examine the relative roles of selective transport 
and abrasion as the processes responsible for the 
downstream fining of bed material found in many 
rivers. The combination of a highly concave long 
profile, coupled with the absence of significant lat-
eral inputs of either water or sediment into the 
3.2 km reach and the minimal role played by abra-
sion, make this an ideal field site for isolating the 
role of selective transport. Independent field evi-
dence based on tracers and bedload trap data 
unequivocally confirm that the rapid downstream 
fining found at this site can be attributed to size-
selective transport. The recent work undertaken at 
this site has produced a significant contribution to 
the age-old debate as to how and why river-bed 
material fines downstream. 

DORBACK BURN, HIGHLAND 
(NJ 073164) 
A. Werritty 

Highlights 

Dorback Burn, a tributary of the River Nethy in the 
Cairngorm Mountains, provides an excellent exam-
ple of an active wandering gravel-bed river, a 
channel type which is common throughout much 
of upland Scotland. Its behaviour has been system-
atically monitored since 1978, thus providing a 
unique study of channel pattern change in the 
headwaters of a small upland drainage basin. 

Introduction 

This site is representative of many headwater 
reaches of gravel-bed rivers in upland Scotland. 
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Since 1948 it has displayed both a braided and a 
meandering planform according to the magnitude 
and timing of formative floods (Werritty, 1984). 
Flash floods resulting from localized convective 
storms generate large-scale channel change, typi-
cally involving avulsion rather than progressive 
lateral migration of the main channels. By contrast, 
smaller competent events restore a highly divided 
channel to a simpler, more integrated channel 
within which a meandering planform locally 
emerges. In magnitude-frequency terms, this chan-
nel's behaviour is thus more akin to the 
high-threshold, bedload channels investigated in 
Texas by Baker (1977) than the low-threshold, fine-
grained channels of the eastern USA reported by 
Wolman and Miller (1960). The high threshold for 
channel change arises from the grain size of the 
bed material (D84  of 50 - 70 mm) and the size of 
the critical shear stress necessary to mobilize the 
sediments. Long-duration, low rainfall intensity 
frontal storms are unlikely to generate the required 
shear stress, whereas short, intense convective 
storms have repeatedly proved effective in gener-
ating large-scale bedload transport. 

Description 

Dorback Burn is a north-west-flowing tributary of 
the River Nethy which drains the northern part of 
the Cairngorm Mountains and flows into the River 
Spey at Nethybridge. The study reach is a 250 m 
length of channel located where the drainage area 
of Dorback Burn is only 18.6 km2  (Werritty, 1984). 
Throughout most of its course this stream presents 
a meandering undivided channel. However, at this 
site the channel is better described as a `wandering 
gravel-bed river', since it has a high width : depth 
ratio and is braided, with typically two or three 
channels present in any one cross-section (Figure 
2.33). Each channel is 3 - 6 m wide, has a slope of 
c. 0.01 and under normal flow conditions is up to 
30 cm deep. The bed generally comprises medium-
sized cobbles (with a D84  of 50 - 70 mm), but there 
is also extensive finer-grained material on the flood-
plain and sandy infill in abandoned channels. A 
weak pool-riffle sequence is present, with the 
pools located in the major bends. The position of 
the riffles is controlled by the location of the major 
mid-channel bars. Since these bars are erratic in 

Figure 2.33 Dorback Rum: a small wandering gravel-bed river in which an actively braided channel is reworking the 
valley floor. (Photo: Royal Commission on the Ancient and Historical Monuments of Scotland; F 22543/RAF/1428; 
flown August 1961: Crown Copyright.) 
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their location, the channel does not readily con-
form to the alternate bar pattern which is common 
in many of the larger gravel-bed rivers of Scotland. 

Interpretation 

The study reach is noteworthy for four reasons. 
Firstly, it is remarkable in terms of the rapidity and 
extent of channel pattern change over the past 40 
years. This has been monitored using repeated aer-
ial photography plus regular topographical survey 
of the reach (levelling of cross-sections and large-
scale planimetric mapping). During this period the 
c. 50 m wide active area (roughly ten channel 
widths) has been repeatedly reworked both by 
avulsion during large floods and by lateral migra-
tion during the intervening periods. 

Secondly, this site is noteworthy on account of 
the fact that the channel can exhibit various 
degrees of both braiding and meandering at differ-
ent times. This confirms the assertion that channel 
pattern is a continuum rather than a set of discrete 
states (Ferguson, 1987). The study reach is usually 
characterized by the braided channel pattern 
described above. However, analysis of the longer-
term development of the reach has demonstrated 
that this pattern is an unstable one (Werritty, 
1984). Thus a cyclic pattern has been recorded in 
which the degree of channel subdivision is deter-
mined by the impact of major overbank floods. 
Immediately after such a flood, the extent and 
degree of channel subdivision is markedly 
increased, such that momentarily the channel can 
locally resemble a scaled-down proglacial sandur 
(Figure 2.34). However, this type of channel con-
figuration is unstable, and the highly divided 
channel soon reverts to a much simpler channel 
pattern with only two or three multiple channels 
present. If there are prolonged periods without 
major overbank floods, the braided pattern can 
even temporarily revert to an undivided meander-
ing channel (cf. the much larger River Feshie; 
Werritty and Ferguson, 1980). 

Thirdly, the site is significant because it has been 
evaluated in terms of the formative processes cur-
rently operating on such gravel-bed streams. The 
calibre of the bed material ensures that bedload 
transport is highly episodic and short-lived in dura-
tion, such transport occurring in response to 
intense summer convective storms. Thus, in mag-
nitude-frequency terms, the site registers a high 
threshold for sediment entrainment coupled with 
a right-skewed distribution of formative discharges 

Figure 2.34 Dorback Burn: the highly divided sandur-
like channel in October 1978 following the flood of 4 
July 1978, contrasted with the simpler channel pattern 
in May 1979. (After Werritty, 1984.) 
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(cf. Baker, 1977). Both factors tend to emphasize 
the role of major floods in controlling the channel 
configuration and the pattern and rate of floodplain 
reworking. Two major floods have been analysed 
in terms of their geomorphic impact on the chan-
nel configuration (Figure 2.34). The first occurred 
on 4 July 1978 when an estimated peak discharge 
of 26 m3s-1  was recorded at the study reach. 
Dramatic channel pattern change was reported as a 
result of this flood. However, this flow was sub-
stantially exceeded by a flood on 6 June 1980 
which paradoxically registered a much more mod-
est impact in terms of active area reworking. An 
unknown discharge also occurred on 20 - 21 
September 1981, again with only a modest impact 
in terms of channel pattern change. Between 
September 1981 and 1994 there have been no sig-
nificant overbank floods, and the channel 
configuration has changed only very slightly during 
this period. It is noteworthy that the two formative 
events within the period 1978 - 94 were closely 
spaced and have not been repeated. The channel 
configuration created by the 1981 storm was still 
identifiable in 1994, only minor modification to 
individual bars and bends being registered. The 
development of the channel system at this site is 
one of large-scale change during formative floods, 
punctuated by periods of stability. This confirms 
the need for long-term monitoring of such sites, if 
valid geomorphic inferences are to be drawn 
(Church, 1984). 

Lastly, this site is important because it represents 
a `Vigil' site at which cross-sectional surveys and 
planimetric mapping have been repeated over 
many years to document the long-term develop-
ment of the channel. Its significance thus lies partly 
in terms of the length of the recording period 
(since 1978), and partly in terms of the representa-
tiveness of the site. The underlying principles and 
methodology of `Vigil Network' sites are based on 
the work of Leopold and his associates in the US 
Geological Survey (Leopold, 1962). 

Conclusions 

Dorback Burn is typical of many small wandering 
gravel-bed rivers in upland Scotland. Its channel 
pattern varies markedly and at various times 
embraces degrees of both meandering and braided 
planform development, thus confirming the asser-
tion that channel planform comprises a continuum. 
The specific channel configuration at any given 
time is determined by the occurrence of floods 

capable of generating significant bedload transport 
rates. These are both infrequent and erratic, and 
thus the channel can be stable for many years 
between formative floods. In magnitude frequency 
terms, channel change and associated reworking of 
the floodplain are determined by floods which are 
relatively rare (two in 16 years) but may be closely 
spaced. 

GLEN COE: RIVER AND SLOPE 
FORMS, HIGHLAND (NN 155575) 
L.J. McEwen 

Highlights 

The middle Glen Coe site, in the Western 
Grampian Highlands, incorporates an exceptional 
example of a fluvial system, which displays pro-
gressive downstream change culminating in a 
fluvio-lacustrine environment. The slopes are rec-
ognized as displaying some of the finest examples 
of debris cones and fluvially-modified debris cones 
to be found in Scotland (Ballantyne and Harris, 
1994). 

Introduction 

This composite site in Glen Coe has conservation 
interest for a number of reasons. The site incorpo-
rates three units, namely two areas of exceptional 
fluvially-derived slope forms (below the Aonach 
Eagach ridge and the Coire nan Lochan fan) and a 
good example of an integrated fluvial system in an 
upland environment. The river is believed to be 
reworking a former much larger ribbon lake bed 
(of which Loch Achtriochtan is a remnant) 
between two rock bars. The underlying bedrock of 
the lower River Coe is mica schist, but the sedi-
ments found on many of the slopes incorporate 
rhyolites and andesites. 

Description 

Unit 1: Slope forms below the Aonach 
Eagach ridge 

In terms of slope forms, The Chancellor, the large 
active debris cone (site 1 in Figure 2.35), debouch-
ing from the porphyritic dyke-controlled gullies 
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within the andesite below Meall Dearg (951 m), is 
one of the largest in Scotland, its base being for-
merly undercut by the River Coe. In terms of 
evidence of past activity, it is recorded that the set-
tlement of Achtriochtan was swept away by debris 
flows in the 18th century (Achtriochtan is recorded 
on William Roy's military survey (1747 - 55)). The 
cone surface is mainly unvegetated, indicating reg-
ular reworking. Adjacent to this cone are several 
gullies along the Aonach Eagach Ridge 
(940 - 60 m), from which issue fluvially modified 
debris cones, debris flows and taluses at varying 
scales. 

Unit 2: Coire nan Lochan fan 

The Coire nan Lochan, draining Aonach Dubh 
(892 m) and Gearr Aonach (692 m), provides an 
excellent example of a large, steep fluvially-modi-
fied debris cone (site 2 in Figure 2.35). This 
landform possesses an upper fan gradient of 12.7° 
and a mean gradient of 9.4° and is associated with a 
high-energy mountain torrent environment 
(Brazier, 1987). In terms of fan form, the actual fan 

surface is characterized by very coarse bouldery 
deposits with poor overall down-fan sorting, which 
is locally confused by very coarse bar units and 
lobe-like structures. 

Unit 3: River Coe and valley floor 

From its source to the start of the selected site, for 
most of its length the River Coe is incised into 
andesite bedrock, locally cutting a deep gorge 
along the lines of weakness associated with por-
phyritic dykes. Below one bedrock control section 
above Achtriochtan Farm, the river undergoes a 
reduction in confinement, with the channel chang-
ing progressively downstream (see section on 
fluvial processes in chapter introduction) from a 
steep mountain torrent with a bouldery bed to a 
sinuous wandering channel and ultimately to a 
gravelly delta into Loch Achtriochtan (site 3 in 
Figure 2.35). The history of past and present chan-
nel adjustment along this reach has been 
reconstructed by McEwen (1994b). There are 
numerous palaeochannels of differing ages, proxi-
mal to the present channel. 

Figure 2.35 A geomorphological map of Glen Coe: slope forms below the Aonach Eagach ridge, including the 
Chancellor debris cone (1), the Coire nan Lochan fan (2), and the River Coe valley floor (3). (After Brazier, 1987.) 
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Interpretation 

Unit 1: Slope forms below the Aonach 
Eagach ridge 

The debris cone associated with the Meall Dearg 
gully is probably the largest of its kind in Scotland. 
The unvegetated surface of much of the cone also 
indicates that its surface is presently being 
reworked and this high rate of activity makes the 
cone's development particularly interesting. 
Research on the form and development of the 
debris flows and fluvially-modified debris cones in 
Glen Coe has been reported in doctoral theses by 
Brazier (1987) and Innes (1982). Lichenometric 
analyses carried out by both authors indicate that 
substantial areas on these debris cones are 
extremely recent in origin. For example, Innes 
(1983) provides evidence for an increase in debris 
flow activity triggered by land-use changes since 
1880. Comparisons can be made with research on 
the cones in Glen Etive, a neighbouring valley such 
as the Eas na Broige fan, a fluvially modified debris 
cone, below Dalness Chasm where a long period 
of relative stability ended abruptly at c. 550 BP, trig-
gered by human interference (Brazier etal., 1988). 
Ballantyne (1991b), in his review of Holocene geo-
morphic activity in the Scottish Highlands, 
confirms the importance of this site. 

Unit 2: Coire nan Lochan fan 

The fan is particularly interesting in that it is much 
steeper than most fans of purely fluvial origin in 
Scotland (Brazier, 1987) and the fan surface shows 
great variety in terms of its local relief. However, 
classic debris flow structures, such as levees, pres-
sure ridges and near vertical sheared elongate 
clasts, are all lacking. Debris flow episodes may 
have been important in the past, but the deposits 
have since been reworked by fluvial activity (cf. 
Wells and Harvey, 1987). 

The impact of powerful flash floods from Coire 
nan Lochan has clearly been very significant in that 
lichenometry demonstrates that a large proportion 
of the fan surface has been reworked over the past 
200 years. There is also evidence of several aban-
doned channels on the fan surface, although it is 
the area proximal to the present main channel that 
has been most recently active (Brazier, 1987). 
Additional investigation could further elucidate the 
complex formative history of this noteworthy fan. 

Site 3:  River Coe and valley floor 

The transition from a mountain torrent to a deltaic, 
fluvio-lacustrine environment within a distance of 
only 1.5 km is unusual, especially when accompa-
nied by progressive changes in the controls on 
channel morphology (slope, sediment size, con-
finement and associated stream power). In this 
instance, both the D50  and unit stream powers are 
reduced from 980 - <540 mm and 564 - 35 Wm-Z, 

respectively between Achtriochtan Farm and Loch 
Achtriochtan (McEwen, 1994b). 

Abundant evidence suggests that this is a high-
energy, fluvial environment in which high and 
powerful discharges are the important landforming 
agents (McEwen, 1994b). This evidence includes 
the burial of formerly vegetated bar surfaces by 
coarse debris and the rapid undercutting of 
fluvially-modified debris cones on the north-facing 
slopes of Aonach Dubh. In addition, there is com-
plex interbedding of coarse and fine sediments 
within the incised banks and well preserved, deep 
scour pools and flood relief channels formed dur-
ing high flows. As well as the flushing of sediment 
from glacigenic sources and coarse tributary inputs 
upstream, the sediments reworked from these 
undercut fan aprons and the locally eroded flood-
plain are also incorporated into the sediment 
transport system. Progressing downstream, it is 
noticeable that zones of high lateral channel activ-
ity are interspersed with areas near the river which 
have been allowed to stabilize, thus indicating con-
siderable spatial variation in the local rates of 
floodplain reworking. 

The presence of sandur type palaeochannels 
indicates that the River Coe has a complicated his-
tory of past braiding and wandering across the 
valley floor, clearly evident from both field and aer-
ial photograph evidence. It is possible to date older 
palaeochannels by studying the channel patterns 
on the First edition (1875) and Second edition 
(1897) OS 1: 10 560 maps (Figure 2.36). For exam-
ple, the 1875 map indicates that the river formerly 
undercut the base of the large debris cone below 
Meall Dearg (confirmed by William Roy's Military 
Survey of Scotland (1747 - 55)) although by 1875 
the channel was only occupied by slackwater and 
some subsurface flow received from the Aonach 
Eagach gullies. It is difficult to assess from map evi-
dence alone whether a major channel switch has 
previously taken place or whether the river was 
formerly split and one of the main branches has 
since been plugged with sediment; clearly further 
investigation is required. Older palaeochannels are 
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Figure 2.36 Glen Coe: changing channel planforms for 1875 and 1988 of the River Coe. The composite diagram indi-
cates the location of the main channel at different dates between 1875 and 1988. (After McEwen, 1994b.) 
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intermixed with more recently abandoned chan-
nels, which can be dated as less than 30 years old. 
Thus, aerial photographs dated 1947 indicate that 
the river ran along a different course from its pre-
sent one at the entrance to Loch Achtriochtan. At 
least two channel switches have occurred within 
the delta in the past 150 years, probably triggered 
by a major flood or series of floods (McEwen, 
1994b). Coring of the floodplain and associated 
palaeochannels would enable more detailed recon-
struction as to the periodicity of floodplain 
reworking over a historical timespan. 

Conclusion 

The slope forms within middle Glen Coe span the 
range of slope processes typically found across 
upland Scotland. The taluses, debris flows and 
debris cones associated with the Aonach Eagach 
ridge are good examples of slope forms associated 
with steeper gradients, while the fluvially-modified 
debris cone of Coire nan Lochan is noteworthy as it 
is one of the few sites at which the sedimentology 
and formative processes have been studied in 
detail. The fluvial reach is also exceptional in 
Scotland, providing an interesting progressive sys-
tem with a rapid downstream change in channel 
form. It is also a good example of a particular kind 
of upland fluvio-lacustrine environment, which is 
in marked contrast to the low-energy delta of the 
River Balvag with Loch Lubnaig in the Central 
Highlands. It should also be noted that little 
research has been done to date on the dynamics of 
active river sites in Western Scottish basins. This 
excellent assemblage of well-developed fluvial and 
colluvial landforms associated with a high-energy 
environment is also significant in that it displays 
evidence of high past and present rates of activity 
during the Holocene. 

LUIBEG BURN, ABERDEENSHIRE 
(NO 020936) 
L.J. McEwen 

Highlights 

The Luibeg Burn provides an excellent example of 
a coarse-grained mountain torrent, which demon-
strates the important roles of confinement and 
channel slope in determining channel planform. 
This site also has a well-documented history of 

channel response to major floods, to an extent rare 
in such a remote upland environment. 

Introduction 

The Luibeg Burn, a headwater tributary of the Lui 
Water, drains a 14.6 km2  catchment of the south-
facing Cairngorm massif (Ben MacDhui, 1310 m). 
The underlying bedrock is granite, while in terms 
of surficial deposits, Glen Luibeg contains many 
large kames and other glaciofluvial landforms 
(Sissons, 1976). This valley was formerly controlled 
by a large rock-cut meltwater channel. Much of the 
information in this account is derived from 
McEwen (1986). 

Description 

The Luibeg Burn, within the upper River Dee 
catchment, Aberdeenshire, provides a classic exam-
ple of a coarse-grained mountain torrent (Ferguson, 
1981). The burn in its upper reaches (above the 
Parker Memorial Bridge) is highly constrained, with 
the channel bordered by steep talus slopes. 
Downstream of this bridge, there is a sudden 
increase in the width of the valley floor, permitting 
channel migration and large amounts of readily 
accessible sediment which can be reworked 
(Figure 2.37). Extensive deposition of boulders has 
occurred proximal to the present channel, indicat-
ing the geomorphic impact of one or more major 
floods over a historical period. 

Interpretation 

The site possesses a well-documented history of 
the geomorphic response to rare high-magnitude 
flooding for such a remote catchment. First in this 
history was the summer frontal storm of 4 August 
1829, reported to have affected the upper River 
Dee catchment (Lauder, 1830). Regional estimates 
for the recurrence interval of the discharges within 
the neighbouring Spey and Findhorn catchments 
are as high as 500 - 1000 years (Werritty and 
Acreman, 1984). Eyewitness accounts (e.g. Burton, 
1864) indicate that this storm triggered extensive 
debris flows on Ben MacDhui and also the flushing 
of large amounts of sediment into the site, leaving 
a very coarse floodplain deposit over 150 yards 

wide (Barrow and Cunningham-Craig, 1912). 
Confirmation of this extensive deposition is 
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Luibeg Burn 

Figure 2.37 Luibeg Burn. (a) Bouldery flood deposits (0.5 - 1.0 m b axes) reworked in the 1956 flood (flow direction 
towards camera). (b) A detail of the flood deposits, showing imbrication — flow direction right to left. (Photos: A. 
Werritty.) 
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provided by the OS First edition, 10 560 map of 
1869 in which the path down Glen Luibeg is 
recorded as having been completely obliterated by 
the flood deposits. 

Map and aerial photograph evidence over the 
period 1871 - 1956 indicate that this site remained 
relatively unaltered in its upper reaches, the geo-
morphic impact of the 1829 flood being the major 
imprint for the following century (McEwen, 1986). 
For example, major distributary channels, exca-
vated to accommodate the extreme flood 
discharges, can still be identified. However, on 
13 - 14 August 1956, an intense convective storm 
occurred with a 24 hour rainfall of 85.6 mm at 
Derry Lodge (estimated recurrence interval of 120 
years; McEwen, 1986) and probably > 150 mm on 
higher ground (Baird and Lewis, 1957). The result-
ing flood had a very high competence, with the 
Parker Memorial Bridge being carried downstream 
and its supporting masonary piers overturned. The 
stream bed at the bridge more than doubled its 
width and heavy deposition was recorded with 
`irregular fan-shaped deposits visibly raised above 
the general level of the neighbouring valley floor' 
(Baird and Lewis, 1957, p.97) downstream of this 
point. From aerial photographs, it appears that 
many of the old flood channels excavated during 
the 1829 flood were re-occupied and rescoured 
during this event. 

Field survey has revealed a wide area of boulder 
deposition well above the competence of the nor-
mal river and spread out beyond the present 
channel, which is trenched within these deposits 
(McEwen, 1986). A large number of abandoned but 
well-defined flood channels are evident across this 
floodplain area. The present channel was clearly 
formed by a flow greatly in excess of normal flow 
conditions. The 1829 flood was therefore the main 
channel-forming event, with further excavation 
occurring during the 1956 flood. Median sediment 
size at the head of the reach was 70 - 120 mm, 
while estimated bankfull stream power at the head 
of the reach is in excess of 1000 Wm-2. It should 
be noted that bankfull discharge has no implicit 
notion of frequency, as the cross-section clearly 
relates to low recurrence interval events. Through 
the designated reach, the channel gradient is 
reduced by virtually an order of magnitude 
(0.056 - 0.006). The site is particularly interesting 
as the flow required for re-occupation of the flood 
channels and the re-mobilization of sediment is 
extremely high. Normal to moderate flows have lit-
tle geomorphic impact, both in terms of flushing 
sediment through the system and reworking the  

floodplain. It is also a site at which the geomorphic 
persistence of landforms formed by the cata-
strophic 1829 flood in a high-energy environment 
can continue to be recorded. 

The site is therefore valuable as a representative 
of a mountain torrent and exhibits well the effects 
of valley confinement, with contrasts in channel 
pattern between the upper, very narrow valley and 
the lower, much less confined part. It is also an 
important site in which the impacts of major, infre-
quent floods have been investigated and where 
their imprint on the landscape can still be seen. 

Conclusions 

The Luibeg Burn provides a good example of a 
high-energy channel system in an upland environ-
ment. In terms of rates of geomorphic activity, the 
system functions in a binary form, with long peri-
ods of quiescence punctuated by sudden bursts of 
sediment transport and floodplain reworking, asso-
ciated with catastrophic flooding. Two such 
episodes are recorded in the contemporary litera-
ture (1829 and 1956) and demonstrate the extreme 
disruption and geomorphic persistence of land-
forms associated with rare floods. 

ALIT MOR (RIVER NAIRN), 
HIGHLAND (NH 635235  AND 
NH 635265) 
L.J. McEwen and A. Werritty 

Highlights 

As the headwaters of the River Nairn emerge from 
an upland to a lowland environment, they undergo 
a remarkable and very rapid metamorphosis from 
a straight, steep, coarse-grained and unstable chan-
nel to a narrow, incised, meandering and stable 
channel. This transformation occurs within a few 
kilometres, making this a fine example of a discor-
dant channel (see section on fluvial processes in 
chapter introduction) in which the hydraulic geom-
etry undergoes a very sudden transition. 

Introduction 

The rapid adjustment from an upland to a lowland 
stream occurs where the steeply sloping tributary 
valley of the Allt Mor emerges into the wide gently 
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Allt Mor (River Nairn) 

Figure 2.38 Allt Mor (River Nairn). (a) The upper reach, boulder-bed mountain torrent, highly divided flow around 
unstable bars. (b) The lower reach, stable sinuous channel in Strath Nairn. The two reaches are only 2 km apart, 
illustrating the `discordance' and rapid change in channel morphology. (Photos: L.J. McEwen.) 
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sloping main valley of the River Nairn. The latter 
has been enlarged by glacial erosion, with the 
result that the present River Nairn for most of its 
course is an underfit stream meandering across a 
disproportionately wide valley floor. This situation 
is not unusual in upland Scotland. However, the 
degree and rate of channel adjustment is rarely as 
dramatic as at this site. 

Description 

The headwaters of the River Nairn drain the mid-
dle part of the Monadliath Mountains in the 
northern Grampians. These mountains are formed 
from Moinian schists overlain by a cover of 
glacigenic sediments locally in excess of 10 m 
thick. The river rises to the west of Cam Ghriogair 
(805 m), flows to the north-west and reaches the 
main valley at the point at which it passes under 
the B851 road. Within a few kilometres of this loca-
tion the river has undergone a metamorphosis from 
a straight, steep, coarse-grained and unstable chan-
nel (Figure 2.38(a)) to a narrow, incised, 
meandering and stable channel (Figure 2.38(b)). 

In its upper reaches the Alit Mor is a boulder-bed 
mountain torrent 9 - 10 m wide, with a DS4  of bed 
material around 700 mm, and a slope of 0.08. 
Typical width : depth ratios are 12 - 13 and the 
channel is often multi-thread at low flow and 
slightly sinuous (Steel, 1984). Like its namesake in 
Glenmore (McEwen and Werritty, 1988), the upper 
Alit Mor is entrenched for much of its course 
within glacial and glaciofluvial deposits (Figure 
2.39). These are locally subject to rapid mass-wast-
ing on account of slope failures caused by basal 
undercutting by the Alit Mor during major floods 
(e.g. September 1981). The pattern of failures often 
conforms to the so-called `pseudo-meandering' 
observed in laboratory experiments (Hickin, 1969), 
where the focus of undercutting alternates down 
the channel. Once a major slope failure has been 
initiated it typically becomes further enlarged by 
frost heave, surface wash and ruling (cf. the 
processes operating at Alit a' Choire), thereby gen-
erating a steady supply of sediment from the slopes 
on to the valley floor. However, not all of the valley 
floor is reworked during a major flood; nor are all 
the adjacent slopes, many of which are stable and 
vegetated, potential sites for slope failure. Bouldery 
lobes of coarse flood deposits are also found above 
the general level of the valley floor in the upper-
most reaches of the channel. 

Progressing downstream there is a steady widen- 

ing of the valley floor and, as the bed material fines, 
there are extensive areas of unvegetated gravels 
denoting the zone of the active channel. 
Immediately prior to a sudden increase in the width 
of the valley floor, the river briefly becomes rock-
controlled and passes through a small gorge (Figure 
2.39). On being released from this confinement, the 
channel takes on the appearance of a complex allu-
vial fan. This part of the channel was especially 
active during the September 1981 flood when many 
new distributaries were initiated. One of these 
channels served to re-establish a former course of 
the stream down the valley of the Alit a' Ghlinne 

Figure 2.39 The geomorphology of the Alit Mor (River 
Nairn). 
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Allt Coire Gabhail 

Bhig (Figure 2.39). In order to maintain the pre-
1981 course, substantial river training was found to 
be necessary near the apex of the alluvial fan (T. 
Inglis, Scottish Environment Protection Agency, 
pers. comm.). From this location the next 2 km of 
channel have been subject to repeated dredging 
and straightening in an attempt to stabilize the chan-
nel and alleviate the local flood hazard (Figure 2.39). 

On reaching the main valley floor of Strath Nairn, 
the river undergoes a metamorphosis. Downstream 
of Tyrich river channel training ceases, and the 
hydraulic geometry of the channel now becomes 
that of the typical lowland, inactive meandering 
river (Figure 2.38(b)). Thus the width is 7 m, the 
width : depth ratio has become 5 - 6 and the gra-
dient reduced to < 0.005. The D84  of the bed 
material is 20 - 40 mm, and the % silt-clay content 
in the banks is around 15 - 25%. The channel has 
not increased its cross-sectional area commensurate 
with the increase in drainage area, with the result  

emerges from an upland to a lowland environment it 
changes from a straight, coarse-grained unstable 
channel to a meandering, fine-grained stable chan-
nel. The rapidity of this transition and the hydraulic 
discontinuity thus created make this a remarkable 
section of channel within the Scottish Uplands. 

ALLT COIRE GABHAIL, HIGHLAND 
(NN 164553) 
A. Werritty 

Highlights 

The Allt Coire Gabhail is a unique site within 
Scotland in which an alluvial valley has developed 
upstream of a catastrophic rockfall. As the normal 
downstream transfer of sediment is blocked, the 
basin has steadily aggraded since the slope failure 

that overbank floods are common. For the next occurred. 
20 km the River Nairn provides a good example of 
an 'underfit' stream, i.e. a stream the present size 
of which is disproportionate to the size of the val-
ley in which it flows (Duty, 1964). 

Interpretation 

The headwaters of the River Nairn provide a note-
worthy example of a discordant channel system. At 
the point at which the channel emerges from the 
uplands on to the main valley floor, the channel 
undergoes a remarkable discontinuity in terms of its 
downstream hydraulic geometry. It is likely that 
other examples of such a transition occur, but at pre-
sent this is the only known example of its kind in 
Scotland. 

This transition is similar in kind, but not in degree, 
to that reported by Nanson and Young (1981) for 
streams flowing off the Illawara escarpment in New 
South Wales. As these streams cross the coastal plain 
they register a downstream decrease in channel size 
and an abrupt change in channel morphology. A 
similar kind of hydraulic discontinuity occurs on the 
River Nairn as the geometry of the channel adjusts 
to a greatly reduced gradient and much finer-grained 
bed material (Steel, 1984). 

Conclusion 

The headwaters of the River Nairn provide a notable 
example of channel metamorphosis. As the river 

Introduction 

The Allt Coire Gabhail site (the Lost Valley) com-
prises an alluvial basin which has been sealed by a 
catastrophic rockfall (Ballantyne, 1991b). Within a 
distance of only 2 km the stream displays a remark-
ably rapid transition through a series of channel 
types. For much of the year, the flow in the lower 
part of the basin is subsurface, thus affording ideal 
conditions for detailed sedimentological analyses of 
the bed material. 

Description 

The Allt Coire Gabhail flows into an alluvial basin, 
the exit of which is blocked by the largest single 
rockfall debris cone in Great Britain. The massive 
cliff collapse causing this rockfall occurred on the 
southeastern slope of Gearr Aonach, the middle 
member of the `Three Sisters of Glencoe'. The pre-
cise date of this massive slope failure is not known, 
although it clearly post-dates the Loch Lomond 
Stadial (11 000 - 10 000 BP). Following the failure a 
new local base level for the stream was created. 
The valley floor then aggraded throughout the rest 
of the Holocene, since very little sediment could 
be evacuated from the alluvial basin upstream of 
the rockfall debris cone (Figures 2.40 and 2.41) 

The Allt Coire Gabhail alluvial basin is approxi-
mately 600 m long and 150 m wide, the long 
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Figure 2.40 The Lost Valley. (a) A general view of the alluviated valley surrounded by talus slopes: note the highly 
divided channel planform on the valley floor. (b) The major rock slope failure which has piled up as a talus cone, 
blocking the mouth of the alluviated valley. (Photos: A. Werritty.) 

profile of the accompanying stream being highly 
concave on account of the recently created local 
base level. This concavity has induced rapid down-
stream fining in the bed material. At the upstream 
end of the alluvial basin, the stream issues from a 
structurally controlled, straight bedrock reach 
which follows the line of a porphrytic dyke. The 
D90  of the bed material in this reach is c. 54 mm. 
On reaching the alluvial basin the channel becomes 

a coarse-grained mountain torrent (D90  c. 36 mm) 
flowing from the apex of an alluvial fan. The main 
channel is currently incised into the northwestern 
side of this fan, from which position it also trun-
cates a debris cone issuing from the slopes of Gearr 
Aonach. At this location the flow percolates into 
the fluvial gravels and the stream ceases to be 
perennial. The bed material continues to fine in a 
downstream direction (D90  c. 22 mm) and the 
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Figure 2.41 The geomorphology of the Alit Coire 
Gabhail (The Lost Valley). 

channel pattern is now a wandering gravel-bed 
stream, locally incised into the valley floor. The 
lowest third of the alluvial basin adjacent to the 
rockfall barrier displays very fresh fluvial sediments 
in the form of gravel sheets both within individual 
channels and across the floodplain. In response to 
intense or long-duration rainfall, these channels 
support an active braided system, which results in 
local reworking of the valley floor. This degree of 
fluvial activity is partly a result of the much 
reduced grain size in this part of the alluvial basin 
(D90 now reduced to c. 12 mm). Just upstream of 
the largest blocks from the rockfall, the channel 
systems become less divided and more stable prior 
to their disappearing within the rockfall barrier. 
The margins of the alluvial basin are steadily being 
encroached upon by the development of debris 
cones supplied by rockfall and debris flow sedi-
ments from the surrounding slopes. 

Interpretation 

The Alit Coire Gabhail is an important site, since it 
is a unique example within Great Britain, where 
the outlet of a drainage basin has been sealed by a 
catastrophic rockfall. If the age of the rockfall and 

the volume of the alluvial infill could reliably be 
determined, this site would provide a valuable esti-
mate of the long-term sediment yield for a small, 
high-mountain drainage basin in upland Scotland. 
The site is also significant in terms of the study of 
fluvial sediments, since it provides an unusual 
opportunity to analyse alluvial sedimentary facies 
from a number of channel types. These are all 
within very close proximity and from locations at 
which the channel bed itself is generally dry. 

Conclusion 

This unique site comprises an alluvial basin the 
development of which has been entirely controlled 
by the blockage formed by a massive cone of rock-
fall debris at the basin's lower downstream end. 
The local base level thus created has produced a 
highly concave long profile, rapid downstream fin-
ing of the bed material and a remarkable transition 
through a series of channel types within the com-
paratively short distance of 2 km. The site has the 
potential to provide an estimate of long-term sedi-
ment yields for small, high-mountain drainage 
basins in upland Scotland, because all slope and 
fluvially-derived material is retained within the 
basin. 

ALIT MOR (RIVER DRUIE), 
HIGHLAND (NH 983080) 
L.J. McEwen and A. Werritty 

Highlights 

The Alit Mor, within the Cairngorm massif, pro-
vides an excellent example of a steep, active, 
coarse-grained mountain torrent (Ferguson, 1981) 
with direct coupling of the slope and channel sedi-
ment systems. Within this site, major sediment 
transport and geomorphic activity occur only dur-
ing episodic flash floods, but major changes take 
place in such events. 

Introduction 

The Allt Mor, a tributary to the River Druie, drains a 
small upland catchment (16.4 km2) on the north-
facing slopes of Cairngorm (1245 m) in the eastern 
Grampian Mountains. The river's regime is highly 
flashy, especially in response to localized summer 
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convective storms. Recent research has demon-
strated that it is only during such flash floods that 
major sediment transport and geomorphic activity 
takes place (McEwen and Werritty, 1988). 

Description 

The glacial history of the area (Sugden, 1970; 
Young, 1974; Gordon, 1993a) is extremely impor-
tant in understanding the present controls on the 
fluvial system. The upstream end of the site is 
below the drift-bedrock boundary, the present Alit 
Mor being deeply entrenched within thick 
glacigenic deposits, with boulder-sized clasts 
embedded in a sandy matrix (entrenched channel; 
unit 1 in Figure 2.42). Downstream of Coronation 
Bridge, there is a large palaeofan (unit 2) dating 
from the meltout of the Devensian ice sheet, while 
inset within the lower part of this feature is the pre-
sent-day active fan (unit 3; Figure 2.42). Below 
Coronation Bridge, from the palaeofan (unit 2) to 
the active fan (unit 3), there is a progressive 
increase in the area available for channel migration 
accompanied by a decrease in sediment size (gravel 

and sand) and lower slopes (reduced to 0.02). 
Sections excavated in the fan reveal organic hori-
zons at depth, indicating former bar surfaces as the 
river has switched its channel across the fan sur-
face (McEwen, 1981). The three units are highly 
interrelated in terms of their controls; further 
details can be found in McEwen and Werritty 
(1988). This site has a comparatively well-docu-
mented history of major channel adjustment to 
extreme flash floods. 

Interpretation 

Differing channel responses to flash floods have 
been identified within the entrenched reach, the 
upper palaeofan and the lower present-day active 
fan (McEwen and Werritty, 1988). The upper 
entrenched section (unit 1) is particularly interest-
ing due to the close coupling of slope and channel 
activity over a distance of 2 km. The present chan-
nel is deeply incised within the glacigenic deposits 
so that it is highly confined in its upper reaches 
although this restriction is reduced downstream 
towards Coronation Bridge. This progressive 

Figure 2.43 The Allt Mor channel immediately upstream of the Coronation Bridge, 24 hours after the 3 August 1978 
flash flood. (Photo: R.I. Ferguson.) 
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change in controls is reflected in the channel plan-
form. Upstream, with steeper slopes (0.04 - 0.07), 
greater confinement and coarser sediment size 
(largest clasts > 1 m), the channel meanders across 
a narrow valley floor within the glacigenic 
deposits, although in terms of its slope/discharge 
relationships it might be expected to braid. 
Channel confinement is locally highly important, 
with the river undercutting the steep faces at the 
base of the adjacent slopes. Downstream, above 
Coronation Bridge, the channel occupies a smaller 
proportion of the available floodplain area and is 
able to divide around bouldery bars. In the palaeo-
fan, there is more room to migrate, although the 
steep slopes at the margins, composed of 
glacigenic sediments, still provide some local con-
finement. The lower fan displays the classic 
switching of channels expected of alluvial fan envi-
ronments, but a clear sequence of former bar 
surfaces and abandoned channels of distinct ages 
is not readily evident due to frequent reworking. 

The response of the system to flash flooding has 
been analysed by McEwen and Werritty (1988) 
with particular reference to a flash flood that 
occurred on 4 August 1978 (see also Ferguson, 
1981). The recurrence interval for the hourly rain-
fall at Coire Cas was 50 years, while the estimated 
discharge recurrence interval was 50 - 100 years. 
Although flood flows within the Druie catchment 
are not gauged, the Alit Mor catchment has an 
exceptionally good rainfall record for an upland 
Scottish catchment and thus geomorphic activity 
can be related with reasonable accuracy to rainfall 
and flow events of differing magnitude and fre-
quency (Figure 2.43). 

Analysis of the varying response of these three 
channel reaches to a stress of 1978 flood magni-
tude allows several observations to be made. 
Firstly, because channel bed and floodplain mater-
ial are relatively coarse, the sediment transport 
system (mainly bedload) behaves in a binary man-
ner; that is it is either switched off or on. Thus, 
much of the flushing through of sediment in the 
upper entrenched section occurs during extensive 
bedload transport associated with high-compe-
tence flash floods. The installation of tracers on the 
Alit Mor to monitor spatial variation in channel 
competence during the next major flood would be 
of considerable value. 

Secondly, the Alit Mor system responds in differ-
ent ways depending on where the stress is applied 
and on the nature of planform controls determined 
by the glacial legacy. The entrenched section is an 
important zone of abundant sediment supply  

where undercutting and slope failure can con-
tribute large amounts of sediment into the channel. 
The thresholds required for slope failure depend 
on the timing and magnitude of previous floods. 
There appears to be a cyclical build-up of sediment 
at the base of slopes between major floods and a 
periodic flushing of material downstream during 
flash floods (cf. Newson, 1989). The magnitude 
and frequency of events which trigger slope failure 
may differ from those competent in terms of bed-
load transport and channel adjustment. 

Thirdly, the importance of the inter-arrival times 
of floods in relation to their geomorphic signifi-
cance has also been demonstrated. For example, 
within the palaeofan section, it is known that the 
1978 flood had a lesser geomorphic impact due to 
the fact that major flood channels had already been 
excavated by a more extreme flash flood which 
occurred in August 1956 (McEwen and Werritty, 
1988). The channel was therefore already partially 
adjusted to accommodate extreme discharges. 
Extensive sedimentation did, however, take place 
below Coronation Bridge during the 1978 event. 
Unfortunately, much of this was artificially 
removed from the channel after the flood and so 
subsequent natural channel adjustment cannot be 
monitored. 

Downstream in the active fan area, flash floods 
are important in allowing channel switching and 
channel reworking of the fan surface; and are also 
important in determining the foci for subsequent 
change. Thresholds for sediment transport and 
reactivation of the fan surface are, however, lower 
than for the upper and middle reaches. More mod-
erate floods, such as occurred in 1981, can also 
have an important impact. 

Conclusion 

This site is an exceptionally good example of an 
alluvial fan fed by a high-energy mountain torrent. 
It is noteworthy in that there is a substantial 
amount of information on the magnitude and fre-
quency of past geomorphic activity, thereby 
enabling current processes to be placed in a longer-
term perspective. The Alit Mor system can be 
subdivided into three distinct but interrelated units, 
namely a gullied or entrenched reach, a palaeofan 
and the present-day active alluvial fan. All vary in 
the nature of their response to extreme flooding 
depending on the extent of the glacial legacy (in 
terms of slope, channel constriction and sediment 
availability) and the inter-arrival times of earlier 
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competent floods. It is during extreme flash floods 
that major geomorphic activity takes place and 
interactions between different reaches can be 
clearly observed. 

QUOICH WATER ALLUVIAL FAN, 
ABERDEENSHIRE (NO 119906) 
U. McEwen 

Highlights 

The lower Quoich Water alluvial fan, within the 
upper Dee catchment in Aberdeenshire, provides 
a classic example of a large, active, low-angle allu-
vial fan, the history of which reveals how such a 
landform adjusts its channel planform through time 
in response to flood events of different magnitudes 
and frequencies. This site possesses an exceptional 
documentary record with which to reconstruct the 
high rates of episodic reworking of the fan surface. 

over the past 200 years. Research by McEwen 
(1986) has demonstrated that this reach has had a 
complex history of planform adjustment, which 
can be reconstructed over the past 150 years. 
There has been some repeated engineering work 
immediately downstream of the bridge. This has 
involved localized dredging of sediment from the 
main channel and its deposition to build up the 
channel banks artificially. 

The sedimentology of the bed material and 
recent channel changes have been monitored by 
Maizels and compared with patterns on the main-
stream Dee above and including the Dee/Quoich 
confluence. Patterns of change, particularly in sed-
imentary properties, have been linked to the flow 
characteristics of the site via a gauging station 
established on the lower Quoich in 1987 (Maizels, 
1988). A good example of such investigations is the 
use of the Quoich fan to study the significance of 
obstacle clasts in cluster bedform dispersal and the 
role of floods in the reworking of such bedforms 
(De Jong, 1991). 

Introduction 

The Quoich Water debouches from a long, narrow 
rock-controlled section cut in the underlying schist 
bedrock at the Linn of Quoich, a former meltwater 
gorge. With the removal of this confinement and a 
lowering of slope to 0.016 below this gorge, an 
active alluvial reach has developed upstream of the 
confluence with the mainstream River Dee. 
Glaciofluvial deposits stored within the floodplain 
upstream of the gorge and eroded from the adja-
cent slopes are periodically flushed downstream 
and deposited on the lower-angle alluvial fan. 

Description 

The present Quoich Water possesses a relatively 
stable alignment, immediately downstream of the 
Linn of Quoich, a bedrock gorge, affording a bridg-
ing point at the apex of the fan. In its upper 
reaches, the Quoich Water comprises an active 
wandering gravel-bed river, while on the lower fan 
it adopts a more sinuous course with the develop-
ment of point bars. The sediments from the Quoich 
catchment are easily distinguished lithologically 
from those of the mainstream Dee at their 
confluence. There are numerous palaeochannels 
and bars on the fan surface which, on the basis of 
lichenometric dating, indicate reworking of the fan 

Interpretation 

The Quoich fan clearly reveals the impact of a 
major reduction in channel slope and confinement 
on a river system, characterized by readily accessi-
ble sediment sources and a flashy runoff regime. 
This site is especially interesting on account of the 
detailed reconstruction of the geomorphic impact 
of floods of different magnitudes and frequencies 
(McEwen, 1986). The most catastrophic event to 
occur in the catchment over the past 150 years 
(and probably longer) was that on 4 August 1829, 
during which, within a few hours, the entire fan 
surface became totally disrupted, with dramatic 
switching, dividing and excavation of channels 
(Lauder, 1830). Large amounts of sediment, pri-
marily derived from upstream sources, were 
deposited across the fan. Further detail on the sub-
sequent channel adjustment to this extensive flood 
sedimentation can be derived from the OS 10 560 
maps of 1866, which indicate that the river no 
longer took a direct route across the fan; instead 
the flow infiltrated through the extensive sheet of 
flood gravels (Figure 2.44). By 1900, however, 
some of the 1829 flood deposits had been 
reworked by floods of lesser magnitude and the 
channel planform had formed a dense reticulate 
network, thereby registering some adjustment to 
the extreme disequilibrium post-1829. 

It is known from British Rainfall (1885) that 
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Figure 2.44 The Quoich Water alluvial fan. The currently unstable braided channel has been recently dredged. 
Palaeochannels from the 1829 flood are well developed on the fan surface to the left of the active channel. (Photo: A. 
Werritty.) 

another major flood occurred in August 1885, asso-
ciated with a summer frontal storm. The 24 hour 
rainfall at Braemar was 87.4 mm with an estimated 
recurrence interval in excess of 100 years 
(McEwen, 1987). The resulting flood destroyed the 
Quoich bridge and reworked part of the fan sur-
face. A large lochan, Lochan a' Chreagain, was now 
formed to the west of the floodplain. This flood did 
not, however, obliterate the effects of the 1829 
storm. Analysis of maps and aerial photographs up 
to the present time has enabled the subsequent 
channel planform adjustment to be reconstructed 
as the Quoich attempts to attain a new equilibrium 
post-1829 (McEwen, 1986). The imprint of the 
August 1829 flood is still the most important land-
forming event at this site, having reworked almost 
the entire fan surface with a lasting impact in terms 
of present fluvial activity. 

There has been some human interference in the 
processes responsible for the form of the fan. Near 
the fan apex, the channel planform is not entirely 
unaffected by human influence. There was a 
sawmill and lade upstream of the road bridge, orig-
inally built at the mouth of the Quoich in 1695 
(Cordiner, 1780; Steven and Carlisle, 1959), but 
these were destroyed during the 1829 flood. Large 
regular palaeochannels at this point may be former 
lades, and such former major division of flow may 
have implications as to the geomorphic impact of  

historical floods when compared with present-day 
flooding. There has been also been some repeated 
dredging of the middle fan below Coronation 
Bridge. This may in part be responsible for the cur-
rent instability in the wandering gravel-bed section. 

The Quoich Water fan is an excellent, large and 
active example of a low-angle alluvial fan, of which 
there are several in Scotland. It exhibits particularly 
well the variation in morphology of channels and 
fan surface topography down the fan and the rela-
tionship between morphology and sedimentology 
in fans. The flood history is well-documented and 
allows the role of different sized events in the for-
mation of such a feature to be evaluated. 

Conclusion 

The lower Quoich Water fan, within the upper Dee 
catchment, Aberdeenshire, provides a classic exam-
ple of a confluence alluvial fan, common in upland 
Scotland. The site possesses an exceptionally good 
record of channel response to major floods, and 
allows an assessment of the roles of such events as 
the dominant landforming agents in this type of fan 
environment. It is rare that channel adjustment can 
be studied within a low-angle alluvial fan in such 
detail over a timespan of 150 years. This insight 
allows the current monitoring of present-day 
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processes to be placed in a much longer temporal 
perspective than is usually possible. 

ALLT A' CHOIRE, HIGHLAND 
(NH 866375) 
A. Werritty and A.M. Harvey 

Highlights 

Allt a' Choire comprises an integrated drainage sys-
tern in which the production, transport and 
deposition of sediment takes place within c. 
1.5 km2  (cf. Schumm, 1977). The site represents an 
excellent location within which to establish the 
relationships between Holocene environmental 
change and geomorphic response in the northeast-
ern Grampian Mountains. 

Introduction 

There are relatively few studies of Holocene 
sequences of erosion and deposition in upland 
Scotland (Brazier et al., 1988; Brazier and 
Ballantyne, 1989; Ballantyne, 1991b). The Allt a' 
Choire site, in the northeastern Grampian 
Mountains of Scotland, provides such a site, with 
its excellent record of episodic erosion and depo-
sition throughout the Holocene. Two small 
catchments dissect late Pleistocene glacial sedi-
ments and supply a large Holocene alluvial fan 
complex. At least four fan segments can be identi-
fied and differentiated by relative age on the basis 
of soil development. In two feeder catchments the 
slopes are deeply dissected by gullies. In the larger, 
southern catchment (Figure 2.45) the gullies have 
long since stabilized, but appear to have been the 
major sediment source for the earlier phases of fan 
sedimentation. In the smaller, eastern tributary 
catchment, currently active gullies feed debris 
flows and fluviatile sediments to the most recent 
fan segments. 

Description 

The Allt a' Choire is a small south-bank tributary of 
the River Findhorn, draining a catchment of c. 
1.5 km2. The underlying bedrock is Moine schist 
adjacent to a younger granite intrusion (Brown, 
1991). The drift cover comprises a thick Devensian 
till, the upper part of which has been soliflucted 

downslope in the last cold phase of the Pleistocene 
(Auton, 1990), and is locally capped by blanket peat. 
The two main headwaters are deeply incised into 
the till and locally into the bedrock. This, in turn, has 
resulted in intense gullying of the adjacent hillslopes. 
The gullies feeding the larger, southern headstream 
have long been stabilized and revegetated, and 
supply little sediment to the main stream. By con-
trast, the gullies supplying the smaller, eastern 
headwater are active, with the basal and soliflucted 
till being deeply dissected (Figure 2.46(a)). 

The active gullies supply the headwater channel 
with sediment by surface wash and mass move-
ment. This sediment is then transported by debris 
flow processes into a large cone at the confluence 
between the eastern and southern headwaters. This 
cone in turn comprises the proximal part of a large 
alluvial fan that extends to the confluence with the 
River Findhorn. Downstream of this cone, the trans-
port processes switch from domination by debris 
flow processes to fluvial processes. This occurs 
because of the dilution effect generated by the rela-
tively sediment-free water entering from the 
southern stabilized gully system. The alluvial fan is 
composed of multiple surfaces (Figure 2.46(b)) 
with individual segments related to successive 
development stages. The oldest of these segments 
is set into the Late Pleistocene solifluction surfaces, 
and thus appears to post-date the end of solifluction 
activity. Earlier depositional phases are probably 
related to sediment sources in the now stabilized 
gully systems forming the southern headwaters, 
whereas the younger phases relate to the currently 
active sources in the gullied eastern section. 

The different surfaces of the fan complex display 
differing degrees of soil development. Similarly, the 
various phases of incision and gullying in the south-
ern headwater can be differentiated in terms of soil 
development. Of particular interest is the local 
peaty podzol capping the soliflucted till in the east-
ern headwater (Figure 2.46(a)) and currently 
exposed by gullying. This soil is buried by a vari-
able thickness of aeolian sands, the source for 
which is the now revegetated gullies of the south-
ern headwater, upwind of the podzol site. It seem 
likely that the aeolian deposition was contempora-
neous with exposure of the till by active gully 
erosion in the southern headwater stream. 

Interpretation 

Many studies in other parts of the British uplands 
have demonstrated two distinct phases of 
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Figure 2.45 A geomorphological map of Alit a' Choire. 
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geomorphic activity: an active glacial/periglacial 
landscape in the Late Pleistocene which was suc-
ceeded by a developing woodland vegetation 
cover as the hillslopes finally stabilized in the Early 
Holocene (Harvey, 1985a). During the later 
Holocene there was a partial destablization of the 
hillslopes as the woodlands were replaced by 
open heath and moorland vegetation in response 
to climatic fluctuations and human activity. This 
site provides an excellent opportunity to examine 
this sequence of events within the Scottish 
Highlands. 

The relative influence of human- and climatically 
induced geomorphic change is a continuing source 
of debate (Harvey et al., 1981; Brazier et al., 1988; 
Ballantyne, 1991a). Both may have influenced sedi-
ment generation and river flood regimes, and both 
may have had differential local and regional effects. 
It is possible that in the Scottish Highlands, where 
the human settlement sequence differs from that 
further south, the presence of high-energy envi-
ronments may have increased the susceptibility of 
the geomorphic system to climatically induced 
destabilization. The presence of the aeolian sands 
capping the palaeosol points clearly to a period of 
destabilization; and the existence of large amounts 
of charcoal in the organic rich sands above the 
palaeosol are suggestive of human activity as the 
agent of destablization. There is, however, also 
good evidence of the role of extreme storms as 
destabilizing agents on the surrounding slopes, as 
reported in Lauder's (1830) eyewitness account of 
the catastrophic Moray flood in 1829. Further 
investigation and radiometric dating are needed to 
resolve the relative roles of climatic and human 
agency in terms of landscape development at this 
site. 

The great attraction of this site for such an inves-
tigation is the proximity (within a few km) of the 
sediment source (gullied hillslopes) and the down-
stream sediment sink (alluvial fan). Because of this 
close linkage between source and sink, any change 
in the release of sediment from the former should, 
in theory, be registered in the development of the 
latter. Thus it should be possible to relate the 
chronological development of the multiple surfaces 
comprising the fan to the exposure of the 
reworked till units in the upstream sources. The 
rapid transition from debris flow dominated to 
fluvially dominated transport processes within the 
transport reach is also noteworthy. Such a transi-
tion has already been recorded in similar sites in 
the Howgill Fells (north-west England), destabilized 
by a major storm in 1982 (Wells and Harvey, 1987). 

Conclusion 

Allt a' Choire provides an excellent example of an 
integrated channel system (see section on fluvial 
processes in chapter introduction), in that the sed-
iment sources (deeply gullied tills) are linked by a 
short transportation reach to the sediment sink (an 
alluvial fan). This site has developed since the 
deglaciation of the middle Findhorn (c. 
14 000 - 13 000 BP), the main part of the alluvial 
fan having been formed before 10 000 BP. During 
the Holocene, the hillslopes immediately upstream 
were subject to periodic destabilization by climatic 
fluctuations and/or human activity resulting in 
episodic gullying of the underlying tills. The impact 
of this episodic erosion is also registered in the 
complex sequence of alluvial units which comprise 
the alluvial fan. The rapid transition from debris 
flow dominated processes in the source area to 
fluvial transport on the alluvial fan is especially 
noteworthy. Further investigation of this site 
should yield important insight into the linkage 
between the sediment sources and their down-
stream sink, plus the relative roles of climatic 
fluctuations and human activity on the develop-
ment of this site during the latter part of the 
Holocene. 

ALLT COME CHAILEIN FAN, ARGYLL 
AND BUTE (NN 320335) 
L.J. McEwen and A. Werritty 

Highlights 

The Allt Coire Chailein site, within upper Glen 
Orchy, provides an excellent example of a com-
pact, integrated channel system in which the effect 
of large-scale sediment inputs on a small upland 
channel can be investigated from their sources in 
a gullied till to the local sediment sink (alluvial fan). 
The site also permits an assessment of the impor-
tance of the glacial legacy as a control on the fluvial 
development of landscape in an area with a com-
plex history of deglaciation. 

Introduction 

The Allt Coire Chailein rises within the small upper 
catchment of c. 2 km2  draining the south-east-
facing slopes of Beinn Bheac-Bath (803 m) and the 
north-west-facing slopes of Beinn Bheag (656 m). 
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This site affords an example of an integrated sys-
tem (see section on fluvial processes in chapter 
introduction) with four interrelated geomorphic 
units identified. There is no detailed published 
work on the glacial history of this area, although 
Sissons (1974b) provides a general account. 

Description 

This site comprises four distinct geomorphic units: 
a sediment source in a severely eroded till (unit 1); a 

and a large alluvial fan which serves as the deposi-
tional zone (unit 4; Figure 2.47). In the headwaters, 
there are deep gullies within the outwash, resulting 
in localized badland-type topography. Downstream 
of this gullying is a bedrock-controlled reach, which 
grades into a small but steep-sided slot gorge within 
the schist. Along this section, the channel is steeper, 
well-confined and tree-lined. Immediately down-
stream of the bedrock reach, which marks the fan 
apex, the river undercuts a precipitous till face and 
this provides an additional sediment source when 
the river is in flood. 

mountain torrent which acts as a transportational 	The lowest part of the site comprises a mountain 
reach (unit 2); a small bedrock slot gorge (unit 3); torrent incised into a large, low-angle gravel fan 
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I 

Former 
distributary  

channel  

Severely eroded till (Unit 1) 	 © 	Site referred to in text 

Mountain torrent (Unit 2) 	 Road 

Small bedrock slot gorge in schist (Unit 3) 	- - 	River or stream 	 N 

Alluvial fan (Unit 4) 	 , — - 	Catchment boundary 	
0 	 metres 	 500 

Figure 2.47 The geomorphology of Allt Coire Chailein. 
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and at present, only reworking a small portion of 
the fan's past dimensions. The alluvial fan lies 
inside the Loch Lomond Readvance ice limits and 
thus cannot pre-date the Holocene (see also Lowe 
and Walker, 1980). The fan is complex and formed 
of three separate elements, namely the present-day 
active channel (A), the central part which does not 
appear to be fluvial in origin (B), and an extensive 
area of coarse fluvial deposits indicating a former 
channel (C) (see Figure 2.47). 

The planform of the currently active channel 
(trending east) is a classic sinuous channel, wan-
dering around individual gravel bars. Clast size 
varies from sand-sized material up to small cobbles 
> 50 mm diameter. More recent adjustment and 
downcutting is indicated by low terraces adjacent 
to the channel. At the distal end of the fan, there is 
evidence of a network of former bars and distribu-
tary systems which have now been abandoned. A 
second channel alignment can be identified, with 
the start of the diversion at the limit of the high till 
terrace; the present channel having diverged and 
shifted extensively from this former course. 

Interpretation 

The severely eroded till (unit 1) formerly provided 
an abundant sediment source for downstream 

reworking in the channel. There is a pronounced 
aspect control in the upper part of the drainage sys-
tem, since the stream network is far better 
developed on the northern side of the Coire where 
the local glacial drift is particularly well-developed. 
At present, very little of this sediment is being 
directly fed into the channel, but in the past the 
throughput must have been considerable, as a large 
proportion of the till has already been eroded and 
transported downstream on to the fan. The present 
gullies appear to undergo periods of erosion and 
headwater extension followed by periods of heal-
ing (cf. Harvey, 1977 on similar gullying processes 
in the Howgill Fells, north-west England). 

The fan clearly has a complex history of devel-
opment and cannot be attributed solely to fluvial 
activity. The central part of the fan has an irregular 
surface, and tree stumps within the peat indicate 
that it was formerly afforested. The section 
exposed by incision at the distal end of the fan 
reveals a poorly sorted cobble/boulder unit sepa-
rated by stratified sands. Palaeosols and associated 
organic units locally accompany these stratified 
sands and provide evidence of periods of stability 
during the formation of the fan, the chronology of 
which awaits radiocarbon dating. Given the prox-
imity and nature of the sediment sources, it is likely 
that some of the units are debris flow deposits. 

In terms of recent fluvial activity, there is 

Figure 2.48 The Allt Coire Chailein alluvial fan: the section eroded by the currently active channel on the eastern 
side of the fan. Coarse fluvial deposits are visible at the base of the section, with stratified organics and debris flow 
deposits above. (Photo: A. Werritty.) 
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evidence to suggest that at some indeterminate 
time, the channel followed an alternative route 
(trending north-east) across the fan. This may in 
part be related to debris flow activity. The deposi-
tion of cobble sheets across this part of the fan is 
extensive, with former distributary channels and 
bar systems clearly evident (see Figure 2.48). There 
are two possible explanations for the abandoned 
channel, which are not mutually exclusive. Firstly, 
in the past the river may have excavated and occu-
pied a different channel across the fan. 
Alternatively, during a major flood or a series of 
past floods, the river may have temporarily 
switched its channel, diverting very high dis-
charges across the fan surface. 

Fan environments are typified by periodic chan-
nel switching across the fan surface (see McEwen, 
1986; McEwen and Werritty, 1988). For such a 
small catchment with very coarse bed material, this 
would have required very high flow velocities, 
which are only likely to arise in response to intense 
localized summer convective storms. The likeli-
hood of a return to this abandoned route has been 
lessened by the building of an artificial structure of 
stones (date unknown) at the upstream entrance of 
the old channel, making the stage required for re-
occupying this former channel very high. Despite 
the presence of lichens (Rhizocarpon geograpb-
icum) with a low maximum diameter > 20 mm on 
clasts within channel bed material, this alignment is 
recorded on the First edition OS 10 560 map in 
1874. The channel may since have been re-used 
during floods, hence further investigation to date 
the last occupation is required. Part of the former 
channel probably extends into the area which is 
currently afforested. 

Before its confluence with the Alit Coire 
Chailein, the Allt Slochd channel planform is one 
of small-scale irregular to regular meanders with 
highly stable vegetated banks. After the junction 
with the mountain torrent, the character of the Alit 
Slochd changes dramatically, with a much wider, 
shifting, gravel-bed channel and highly erodible 
banks, due to the large sediment input from the 
Allt Coire Chailein. The longitudinal ridges and 
transverse dams of finger riffle bars below the 
confluence have been monitored by Bluck (1987) 
in terms of their sedimentology. The east side of 
the channel below the confluence is embanked to 
protect the railway and the former military road. 
The channel has incised and locally reworked its 
valley floor, undercutting the middle part of the fan 
surface, thereby exposing the sections referred to 
above. Since the truncation of the more northerly  

of the channel systems is especially abrupt and 
lichen cover does not suggest great age (i.e. < 500 
years), the incision and reworking may be relatively 
recent. 

The main value of this site is the integrated 
nature of the fluvial system, with its range of forms 
from gullies in the upper source area to a complex 
fan, which is the sediment sink. The fan is of par-
ticular interest because of its potential for 
deciphering the sequence of changes through the 
Holocene and linking this sequence to processes in 
the small supply catchment. 

Conclusion 

This is a highly complex and unusual composite 
fan, situated at the downstream end of an inte-
grated channel system. The source area comprises 
a deeply incised till which, subject to intensive gul-
lying, has now become a 'badland'. Sediment 
derived from this source is transported via a moun-
tain torrent through a bedrock slot gorge into a 
major sediment sink (the Alit Chailein fan). This fan 
has been subject to a complex aggradational his-
tory (evidenced by buried palaeosols and organic 
horizons) and, more recently, channel avulsion. 
Much of the fan surface is composed of bouldery 
lobes and sheets strongly indicative of debris flow 
activity. At present, the margins of the fan are sub-
ject to localized erosion by a stream incised 
significantly below the fan surface. Rather than 
being an example of a typical alluvial fan, this site is 
interesting due to the complex pattern of its devel-
opment through the Holocene. The presence of 
lichen-covered boulders and buried organic 
deposits provide the opportunity for future investi-
gation of fan formation at this site. 

EAS NA BROIGE DEBRIS CONE, 
HIGHLAND (NN 192598) 
A. Werritty and L.J. McEwen 

Highlights 

The deposits in the debris cone at Eas na Broige 
provide an important geomorphological and sedi-
mentary record of slope and fluvial processes 
during the Holocene. They show successive 
phases of debris flow activity and alluvial fan devel-
opment. 
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Introduction 

The Eas na Broige debris cone is located in Glen 
Etive at the base of a near-vertical south-facing rock 
gully (Dalness Chasm) which drains Stob na Broige 
(956 m). Debris cones are fan-shaped accumula-
tions of poorly sorted debris formed by successive 
debris flows at the base of steep gullies. Such 
debris cones have developed extensively at the 
margins of valley floors in upland Scotland over the 
past 13 000 years and have formed in response to 
changes in sediment supply from adjacent gullies 
and slopes. Collectively, these cones represent an 
important class of Lateglacial and Holocene land-
forms found throughout upland Britain (Statham, 
1976; Harvey et al., 1981; Innes, 1983, 1985; 
Brazier et al., 1988; Brazier and Ballantyne, 1989). 
The Eas na Broige cone is a particularly good exam-
ple, and the deposits that comprise it have 
provided a detailed record of slope and fluvial 
processes during the Holocene (Brazier et al., 
1988). 

Description 

The local bedrock comprises granite on the lower 
slopes with rhyolite lavas on the higher ground, the 
Dalness Chasm having been etched from a por-
phyritic dyke (Bailey and Maufe, 1916). During the 
Loch Lomond Stadial, glacier ice extended up to 
650 m in upper Glen Etive (Thorp, 1981, 1986). 
The debris cone is thus Holocene in age. 

The Eas na Broige cone comprises two units: an 
upper debris cone with a concave long profile and 
mean gradient of 13.7°, and a lower alluvial fan 
with a mean gradient of 6.2°. Five discrete cone 
and fan surfaces can be identified within the lower 
alluvial surfaces, which are inset into the steeper 
debris cone surfaces. The respective volumes of 
the debris cone and alluvial fan have been esti-
mated at 170 000 m3 and 100 m3; the latter being 
entirely derived by incision and reworking of the 
former (Brazier, 1987). 

The stratigraphy of much of the cone has been 
exposed by stream incision, and at two contrasting 
sites clearly distinguishable debris flow and fluvial 
sediments have been identified (Figure 2.49). At 
the apex of the alluvial fan (site 1), a coarse debris 
flow deposit lies beneath a distinctive and strongly 
podzolized palaeosol, radiocarbon dated at 
550 ± 50 BP (SRR-2882). The overlying sediments 
comprise poorly sorted alluvial gravels with only a 
weak soil development. Higher up the debris cone 
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Figure 2.49 (a) A schematic section along the length of 
Eas na Broige debris cone. (b) A detail of the section at 
the sampling sites (after Brazier et al., 1988). 

(site 2) a second palaeosol, radiocarbon dated at 
4480 ± 300 BP (SRR-2884), separates two debris-
flow units. The upper of these units is the 
continuation of the lower unit at site 1 and it 
appears to be the final debris flow unit which was 
deposited on this part of the cone (Brazier et al., 
1988). Pollen samples have been collected from 
site 1 in order to investigate possible vegetational 
changes associated with the onset of fluvial rework-
ing. An initial cover of Corylus, Alnus and Pinus 
before 550 BP was replaced by Gramineae, 
Plantago and Calluna after that date. A strong 
presence of charcoal is also recorded in the unit 
above the palaeosol. 

Interpretation 

Three major phases in the development of this 
fluvially-modified debris cone can be identified. 
The debris cone initially developed during the first 
6000 years of the Holocene, with aggradation ceas-
ing about 4000 BP as a result of exhaustion of the 
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sediment supply through the Dalness Chasm. A 
prolonged period of stability then ensued until 550 
BP, this being followed by a final phase in which 
the incision into the debris cone produced the 
inset alluvial fan. The pollen evidence strongly sug-
gests that fluvial activity was contemporaneous 
with changes in the vegetation cover caused by 
human interference. The removal of the tree cover 
destabilized the cone surface and triggered fluvial 
incision. This instability has continued until the 
present day. 

This site has a potentially wider significance in 
that it is representative of the class of fluvially-mod-
ified debris cones found throughout the Highlands 
(Brazier et al., 1988) and other parts of upland 
Britain (Harvey et al., 1981). Firstly, the initial accu-
mulation of debris flow deposits involved the 
reworking of sediment deposited during deglacia-
tion. This implies that this cone, like many others 
in upland Britain, is 'paraglacial' in origin (cf. 
Ryder, 1971; Church and Ryder, 1972); that is, its 
formation was dependent upon an abundant sedi-
ment supply following deglaciation. Once this was 
exhausted, aggradation on the cone ceased. 
Secondly, fluvial incision at this site is attributed to 
recent human disturbance of the vegetation. There 
are many other fluvially-modified debris cones in 
the Scottish Highlands and upland Britain where a 
similar anthropogenic trigger may have initiated 
the same change in the debris cone process regime 
(see Statham, 1976; Harvey et al., 1981; Innes, 
1983). In this latter respect, the Eas na Broige cone 
contrasts with those in Glen Feshie, where natural 
processes are considered to have been responsible 
for reactivation (Brazier and Ballantyne, 1989). 

The Eas na Broige cone is a very good example 
of a Holocene debris cone that has been subject to 
fluvial modification. Although debris cones are 
ubiquitous throughout the Scottish Highlands, this 
site in Glen Etive is unique in that the date and 
extent of the fluvial reworking of the original cone 
have been precisely determined. 

The Eas na Broige debris cone provides the most 
detailed record currently available of Holocene sed-
imentation at the margins of a major valley in 
Scotland. Following deglaciation at approximately 
10 000 BP, the debris cone developed over the 
next 4000 years. At this time the cone surface 
became stabilized until about 500 years ago, when 
fluvial reworking of the basal part of the cone arose 
in response to the removal of the forest cover by 
human activity. The cone thus represents a partic-
ularly good example of a fluvially-modified debris 
cone, in which the most recent phase of develop- 

ment has been in response to human settlement on 
the valley floor. 

Conclusion 

Eas na Broige debris cone is a fan-shaped accumu-
lation of poorly sorted material (mixed particles of 
various sizes) formed by flows, from the slopes 
above, of rock and soil debris mixed with water. It 
provides an important record of slope and fluvial 
processes during the Holocene, and is representa-
tive of a type of landform and process system that 
occurs widely in the Highlands. In particular, it 
shows two phases of development, the first reflect-
ing high sediment supply following deglaciation 
(ice melting and retreat) and the second the impact 
of forest clearance by Man. The site is not only a 
good landform example but has a well-documented 
history of development. 

OLDHAMSTOCKS BURN, EAST 
LOTHIAN (NT 710690) 
A. Werritty and L.J. McEwen 

Highlights 

Rapid mass-wasting and incision into thick till cov-
ers or weak bedrock are relatively common in 
stream headwaters across upland Scotland and 
northern England. This type of erosion is particu-
larly well-developed in parts of the Southern 
Uplands, the headwaters of Oldhamstocks Burn 
providing an exceptional example. 

Introduction 

Incision into Old Red Sandstone conglomerates and 
their till covers by the headwater streams of 
Oldhamstocks Burn has locally produced a classic 
`badland' topography (Figure 2.50). During rare, 
high-magnitude storms, sediments are released by 
mass-wasting and debris flows from the slopes on 
to the valley floors where they form lobate sheets, 
around which the present-day streams pick a sinu-
ous course. The most recent event capable of 
triggering large-scale mass-wasting was the August 
1948 storm, during which many of the present val-
ley floors were remodelled (Glasspoole and 
Douglas, 1949; Learmonth, 1950). Since that event, 
the slopes have become partially stabilized by the 
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Figure 2.50 <>ldhamstocks Burn. Active gullies producing badland' topography in Yearn Hope valley. (Photo: A 
Werritty.) 

growth of vegetation, with the result that the slope 
and channel systems are now much more weakly 
coupled than during and immediately after that 
storm. The linkage between gullied slopes and val-
ley floors has been investigated in other parts of the 
UK uplands (e.g. the Howgill Fells, north-west 
England, Harvey, 1992a, 1994). Oldhamstocks Bum 
provides an important site for further research into 
the long-term coupling of slopes and channels in 
small-scale river systems. 

Description 

The headwaters of Oldhamstocks Burn form the 
major part of the site and give rise to valley forms 
locally described as 'denes'. These streams, com-
prising Ling Hope, Wide Hope and Yearn Hope, 
rise on the summit plateau of the eastern 
Lammermuir Hills and flow in a north or northeast-
erly direction away from Monynut Edge (Wester 
Dodd, 412 m). They rapidly become incised into 
the underlying Old Red Sandstone, which locally is 
a conglomerate composed of well-rounded pebbles 
in a reddish, sandy and easily eroded matrix 
(Howell et al., 1866). Within 600 m of its source, 
Yearn Hope records a maximum incision of 135 m, 
thus rapidly generating a pronounced `V'-shaped 
cross-profile. The valley floors of all three streams 
are typically up to 50 m wide and have steep sides 

(20 - 300) which provide many potential sites for 
rapid mass-wasting in the extensively exposed and 
highly erodible conglomerate. The overall geome-
try of these narrow headwater channels is related 
to meltwater incision during deglaciation in the 
Late Devensian. During this period, a thin cover of 
drift deposits was also laid down across the area. 

Many of the valley floors are composed of poorly 
sorted, cobble-sized deposits, which often termi-
nate in lobate margins. These deposits are 
particularly well-developed along the course of the 
Oldhamstocks Burn immediately downstream of 
the confluence of Ling Hope and Wide Hope. 
Throughout this reach the present stream is con-
strained to take a sinuous course around these 
irregular lobate sheets. Visual inspection of the 
lichens growing on these cobble-sheets suggests 
that the surface of much of the valley floor is prob-
ably not more than 50 years old. 

Interpretation 

It seems likely that the sheets of coarse-grained 
deposits on the valley floors are flood-derived mate-
rials that have been delivered from the steep-sided 
slopes by mass-wasting during particularly severe 
rainstorms. The lobate margins and irregular sur-
faces imply that they are debris flow or stony 
debris flow deposits rather than truly fluvial flood 
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deposits (Wells and Harvey, 1987). The size of the 
lichens on these valley floor deposits strongly sug-
gests that they post-date the 12 August 1948 storm, 
when c. 150 mm of rain fell over the Lammermuirs 
in 24 hours (Glasspoole and Douglas, 1949). This 
storm is known to have produced catastrophic 
flooding, slope erosion, and extensive deposition 
on valley floors throughout south-east Scotland 
(Learmonth, 1950; Werritty and Acreman, 1984), 
the neighbouring Monynut Water being particu-
larly severely affected (McEwen, 1986). 

Since the 1948 storm and a lesser one in 1956 
(Common, 1958), the valley slopes have become 
increasingly stabilized by vegetation. As a result, 
none of the valley slopes at present is directly 
releasing sediment on to the valley floor. Thus, in 
marked contrast to the situation in the early 1950s, 
the slope and channel systems are now only 
weakly coupled. At several sites, notably in Yearn 
Hope, debris cones/alluvial fans have developed 
where tributary streams join the main valley. Since 
these fans and cones have deposits with lichens 
that are clearly much older than those post-dating 
the 1948 flood, it is clear that the development of 
the valley floor is locally complex and probably 
involves extreme storms extending back over many 
centuries (McEwen, 1989b, 1990). The system of 
mass-wasting on the hillslopes and the linkage 
between the slope and channel systems has much 
in common with investigations by Harvey (1992a, 
1994) on the coupling of slope and stream systems 
in the Howgil Fells, north-west England. 

This site is the best example in the Southern 
Uplands of a type of mass-wasting and erosion 
which is often found in the uplands of Scotland. A 
provisional chronology of recent episodes of rapid 
mass-wasting from these slopes suggests that the 
1948 storm constitutes the main episode. This site 
is thus potentially significant in terms of recent gul-
lying and valley floor development, and the 
coupling of slope and channel systems in head-
water valleys. 

Conclusions 

This site comprises a group of three deeply incised 
headwater valleys which display both gullying and 
mass-wasting on a scale that is greater than that 
observed at any other site in Scotland. This type of 
erosion is relatively common in those parts of 
upland Scotland and northern England where head-
water streams have incised into thick drift covers 
or weak bedrock. There are many such sites in the 

Southern Uplands, of which this is the best 
example. 

FINDHORN TERRACES, HIGHLAND 
(NH 844364) 
L.J. McEwen and A. Werritty 

Highlights 

This site demonstrates a particularly good assem-
blage of glacial outwash and river terraces formed, 
respectively, during and following the melting of 
the Late Devensian ice-sheet. 

Introduction 

The site is located on the southern side of the mid-
dle River Findhorn, within the Streens Gorge, 
20 km south of Nairn, near the settlement of 
Ballachrochin. It is notable for a series of 
glaciofluvial and fluvial terraces (Figure 2.51), 
which occupy the lower part of the north-west-fac-
ing slope of Carn Torr Mheadhoin (543 m) and are 
cut into the extensive glacial and glaciofluvial 
deposits found throughout the Streens Gorge 
(Young, 1980). The area is described by Horne 
(1923), Young (1980) and Auton (1990). 

Description 

Horne originally identified 11 terrace levels, but 
more recent mapping by Auton (1990) has shown 
that there are 13 terraces, of which the lowest five 
occur at 245 - 75 m and exhibit downvalley gradi-
ents of 35 - 50 m km -1. These terraces locally abut 
terrace 6 at 285 m. In section this flat-topped fea-
ture comprises 1.0 m of clast-supported, 
well-rounded gravel, underlain by 1.5 m of a hori-
zontally laminated, low-angle cross-bedded, silty, 
fine-grained sand. This sand in turn passes down 
into 2.0 m of finely interlaminated sandy silt and 
clay with dropstone cobbles and sparse interbeds 
of diamicton. Above terrace 6, terraces 7 - 11 
extend from 287 to 310 m, with the terrace at 
305 m containing a small steep-sided circular ket-
tle hole 5 m deep. By contrast, terrace 12 (at 
340 m) is cut into bedrock. The sequence ends at 
365 m with a small outwash fan on the western 
side of the Allt a' Choire Bhuidhe. 

This site is 3 km upstream of Allt a' Choire, a 
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Figure 2.51 The Findhorn terraces at Ballachrochin (British Geological Survey photograph C1415, reproduced by 
permission of the Director, British Geological Survey. © NERC. All rights reserved). 

small catchment in which severe gullying during 
the Lateglacial and Holocene has resulted in the for-
mation of a complex alluvial fan with at least five 
identifiable surfaces. 

Interpretation 

Home (1923) interpreted the terraces as fluvial fea-
tures, although accepting that some of the higher 
levels were probably glaciofluvial in origin. Young 
(1980) regarded them as eskers. Anton (1990), in 
the most recent investigation, interpreted the land-
forms as kame terraces and thus of glaciofluvial 
origin, being closely related to the downwasting of 
an isolated mass of stagnant ice. 

A key part of the sequence in Auton's interpre-
tation of the site is terrace 6 (at 285 m). He 
considers this to be the remains of a glacio-lacus-
trine delta, since the sedimentary sequence closely 
resembles that of the lower part of the Malaspina 
delta in Alaska, as described by Gustayson et al. 
(1975). Such an interpretation is not new, having 
already been anticipated in part by Home (1923). 
However, this reconstruction clearly requires the 
presence of a temporary glacial lake. Young (1980) 
claimed that the higher terraces are eskers and as 
such do not require the existence of a glacial lake 
within the valley, as suggested earlier by Bremner 
(1939) and Charlesworth (1956). Anton rejected 
Young's interpretation and developed a model in 
which most of the landforms in this middle part of 
the Findhorn Valley are of paraglacial origin; that  

is, they were formed by 'non-glacial processes that 
are conditioned by glaciation' (Church and Ryder, 
1972). In particular, he considered that the terrace 
sequence at Ballachrochin developed in response 
to a stagnating ice mass in the Streens Gorge, 
which steadily downwasted during the Late 
Devensian and in so doing created local, temporary 
glacial lakes. Successive ice margins have been 
reconstructed by Auton at 460 m, 400 m, 
380 - 350 m, 340 - 300 m (310 and 305 m benches 
cut at this stage), 300 - 260 m (benches between 
255 and 287 m cut at this stage) and 250 m (final 
benches cut after this stage). 

All of the major river valleys in upland Scotland 
possess sets of terraces which are of fluvial and 
glaciofluvial origin. It is unusual, however, to find 
staircases of terraces which extend 80 m above the 
valley floor and possess 13 identifiable benches. 
This site on the River Findhorn is notable on both 
accounts. 

The flight of terraces is one of the highest and 
most remarkable in Scotland, the sequence of 13 
levels being related to a complex pattern of 
deglaciation in this part of the middle Findhorn 
Valley. Although the site has recently been investi-
gated in considerable detail in term of its glacial 
history, the Holocene development of the lower, 
fluvial, terraces has yet to be attempted. Only when 
this has been completed will the full significance 
of the site be disclosed. Harvey, Werritty and 
Whittington are reconstructing the history of the 
development of the alluvial fan at Allt a' Choire 
(3 km downstream of the Ballachrochin terraces) 
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based on geomorphological mapping, sediment 
analysis, pollen analysis and radiometric dating. 
These results (reported in part in the account of 
Allt a' Choire in this volume) should assist in inter-
preting the development of the lowest of the 
terraces at Ballachronin. 

Conclusion 

The principal landforms at this site comprise a 
sequence of glacial outwash and river terraces, 
which are remarkable for the number of levels pre-
sent and their altitudinal extent. The development 
of the glacial outwash terraces reflects the complex 
pattern of melting and wastage (deglaciation) of 
the last (Late Devensian) ice sheet in the area 
(approximately 14 000 - 13 000 BP). Following 
deglaciation, river terraces developed during the 
Lateglacial and Holocene. The site represents a 
striking example of terraces formed by glacial melt-
water and river processes during and following 
deglaciation. 

NORTH ESK AND WEST WATER 
PALAEOCHANNEIS, ANGUS (NO 
570690, NO 585685 AND NO 615680) 

J.E. Gordon, L.J. McEwen and A. 
Werritty 

Highlights 

The assemblage of outwash and river terraces at 
this site is particularly noted for its palaeochannels, 
which have allowed changing discharge patterns 
to be reconstructed since the time of deglaciation. 

Introduction 

This site comprises two areas in Strathmore located 
at the Highland edge near Edzell. The larger (c. 
2.5 km2) lies to the west of the village between NO 
565695 and NO 597679; the smaller (c. 0.6 km2) to 
the south-east between NO 614686 and NO 
620673. Together, these areas are important for an 
assemblage of palaeochannels and associated 
deposits. These occur within an extensive spread 
of outwash (palaeosandur) deposits built out east-
wards across Strathmore during the wastage of Late 
Devensian glaciers in the adjacent glens of the 
West Water and River North Esk (Synge, 1956; 

Sissons, 1967; Maizels, 1976; Gordon and McEwen, 
1993). 

The palaeosandur deposits associated with the 
North Esk and its tributary, the West Water, extend 
for 10 km downstream from the Highland 
Boundary Fault zone. They provide an excellent 
example of Late Devensian outwash deposits 
which have been dissected to form four main ter-
race systems. The terraces display systems of 
palaeochannels, which have been mapped in detail 
by Maizels (1976, 1983a,b), and used in palaeohy-
drological reconstructions and modelling (Maizels, 
1983a-c, 1986; Maizels and Aitken, 1991). 

Description 

In the valley of the West Water, 3 km west of 
Edzell, an area of hummocky kame and kettle 
topography and ice-contact slopes marks the posi-
tion of a former glacier margin associated with the 
downwasting of the Late Devensian ice probably 
between 14 000 and 13 000 BP (Sutherland, 1984). 
Outwash terraces on a palaeosandur lead away 
from the former ice-front and extend out into 
Strathmore. As deglaciation progressed, the out-
wash deposits and stream channels would have 
continued to adjust to changes in water discharge 
and sediment supply across the palaeosandur. 

The palaeosandur deposits are up to 6 m in 
depth and are characterized as `massive, coarse, 
poorly-sorted, imbricated gravels and cobbles, with 
isolated lenses of cross-bedded and plane-bedded 
coarse and medium sands, characteristic of Miall's 
(1978) "Gm" gravel lithofacies type, and similar to 
Scott outwash sediments (facies assemblage GII of 
Rust, 1978) comprising over 90% gravel content' 
(Maizels, 1983b, p. 256). The sedimentary charac-
teristics of the sediments indicate deposition in an 
aggrading, proglacial, braided river environment 
(Maizels, 1983a). 

The four main terraces, associated with both the 
North Esk and the West Water, have been mapped 
by Maizels (1983a,b) (Figure 2.52). The upper two 
terraces (Ti and T2) are evident only as isolated 
fragments; the lower two (T3 and T4) are much 
more extensive. Study has focused on the nature, 
direction and magnitude of change within this ter-
race sequence (Maizels, 1983a-c, 1986; Maizels and 
Aitken, 1991). For example, large-scale changes in 
channel pattern and morphology have been identi-
fied between terrace fragments and attributed to a 
decline in the amounts of meltwater discharge and 
sediment supplied during and after deglaciation. 
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Figure 2.52 The terraces of the River North Esk and West Water in the Edzell area. (After Maizels, 1983a.) 
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The resulting palaeoforms thus reflect channel 
adjustment from a proglacial environment to pres-
ent-day fluvial controls. They also demonstrate a 
southeastward migration of the North Esk/West 
Water confluence by 2.8 km; a shift that was clearly 
accompanied by periods of aggradation and inci-
sion. 

As well as macro-scale change, more intricate 
localized channel incision and minor terrace frag-
ments have been mapped. Three different types of 
palaeochannel have been identified, each type 
associated with different rates of discharge and 
sediment availability (Maizels, 1983a). These 
include complex braided systems (Type A), deeper 
wider channels (Type B), and deeply incised and 
relatively localized meander scars (Type C). In 
terms of inter-terrace variation in palaeochannel 
type, the two upper terraces have been identified 
as having more braided (Type A) and periglacial 
(Type B) channel systems, whereas the lower ter-
races have more sinuous (Type C) channels, 
although all terraces exhibit complex braided 
palaeochannels to a certain degree. The lower ter-
races (T3 and T4) are characterized by multiple 
channel networks, longitudinal bars, high 
width : depth ratios and low sinuosities. The lower 
terrace surfaces are also locally incised by rela-
tively well-defined, deep, low-gradient, sinuous 
channels and many of the adjacent terrace bluffs 
possess major meander scars. The number of sinu-
ous channels increases from the highest terrace 
(Ti) to the lowest (T4), whereas the degree of 
braiding declines. Mean width-to-depth ratios 
decline from about 108 to about 40 between Ti 
and T4 (Maizels, 1983a). 

Interpretation 

Maizels (1983a,b) concluded that the deep, sinuous 
channels (Type C) were responsible for terrace for-
mation and that each phase of terrace formation 
involved a change from straight, multiple channels 
to single-thread channels in response to threshold 
changes in meltwater and sediment discharges, 
which could relate to glacier fluctuations or 
episodic flood events. Base-level variations appear 
to have had only a minor effect on the channel 
adjustments. 

As well as inter-terrace variation in palaeochan-
nel type, both lateral and downstream intra-terrace 
changes have been identified. It is important to 
note, however, that many of the palaeochannel fea-
tures are of low amplitude; the palaeochannel  

patterns are better viewed from the air, and are 
especially highlighted on infra-red aerial pho- 
tographs. This site, with its extensive suite of 
palaeochannels in the terrace surfaces, thus pro-
vides a marked contrast to the well-defined suite of 
terraces with steep 'risers' along the River 
Findhorn (see report in this volume). 

The present channel discharges are small com-
pared with estimated palaeodischarges. In a series 
of studies, Maizels (1983a,b, 1986) has estimated 
velocities and discharges for particular palaeochan-
nels, using empirical formulae (cf. Church, 1978; 
Ryder and Church, 1986). Peak flows calculated for 
the terrace sequence decreased from a maximum 
of c. 18 000 m3s-1  on the highest terrace to c. 
1300 m3s-I on the lowest. The decline in peak dis-
charge to the present-day value of c. 330 mist is 
thus as much as 50 times. At best, these values pro-
vide only order-of-magnitude estimates (cf. Maizels 
and Aitken, 1991). 

The River North Esk and West Water site is par-
ticularly significant for the development of 
palaeochannels on the terrace surfaces. These fea-
tures are among the best preserved of their type 
studied in Scotland and have allowed significant 
insights into the controls and thresholds governing 
channel change during and since deglaciation, par-
ticularly in relation to discharge and sediment 
supply. It is an important research site for assess-
ing the extent of adjustments within the fluvial 
system since the Late Devensian in a lowland area 
with upland headwaters. Although Late Devensian 
palaeochannels are known to exist on terrace sur-
faces at other locations in Scotland — for example, 
along the River Dee (Maizels, 1985) and River Don 
(Maizels and Aitken, 1991), in Glen Feshie 
(Robertson-Rintoul, 1986a) and in the area south of 
Fraserburgh (British Geological Survey 1: 50 000 
Sheet 97) — these are generally less extensive and 
have not been studied in comparable detail to the 
North Esk and West Water features. 

Conclusion 

This site is important for understanding the forma-
tion of outwash and river terraces as the Late 
Devensian ice melted and wasted back into the 
Highland glens. The higher terraces record the for-
mer presence of the glacier, whereas the lower 
terraces are most notable for particularly good 
examples of fossil river channels. The latter pro-
vide valuable evidence for reconstructing the 
changes that occurred in river characteristics and 
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behaviour during and following the period of ice 
melting. 

GLEN ROY, GLEN SPEAN AND GLEN 
GLOY, HIGHLAND 
J.E. Gordon and L.J. McEwen 

Highlights 

Glen Roy, with adjacent parts of Glen Spean and 
Glen Gloy, is an outstanding area of international 
importance for geomorphology. It is best known 
for the `Parallel Roads', a series of ice-dammed lake 
shorelines that developed during the Loch Lomond 
Stadial of the Late Devensian. These shorelines 
form part of a much wider assemblage of outstand-
ing fluvial/glaciofluvial and glacio-lacustrine 
features that provide unique evidence for the dra-
matic impact of geomorphological processes on 
the landscape at the end of the last ice age. 

Introduction 

Glen Roy and adjacent parts of Glen Gloy and Glen 
Spean, near Fort William in Lochaber, are long-rec-
ognized sites of international importance for the 
`Parallel Roads', which are the most extensive and 
best developed examples of former ice-dammed 
lake shorelines in Britain. The Parallel Roads have 
been extensively described in the literature (cf. 
Gordon, 1993b), and are widely regarded as being 
a classic example in standard texts on geomor-
phology and physical geology. Much of the original 
research on the Parallel Roads was carried out dur-
ing the 19th century when the landforms of this 
area were found to provide significant evidence for 
the former existence of glaciers in Scotland 
(Agassiz, 1842). The Parallel Roads were first rec-
ognized as the shorelines of ice-dammed lakes by 
Agassiz (1841, 1842), an interpretation later con-
firmed in the definitive work of Jamieson (1863, 
1892). In a more recent series of papers, Sissons 
(1977b, 1978, 1979a-c, 1981a,b) elucidated the 
formation of the Parallel Roads through detailed 
field observations and mapping, and placed them 
into the wider geomorphological context of con-
temporaneous events in Glen Spean and the Great 
Glen. 

In addition to the lake shorelines and glacial land-
forms, the area is of outstanding interest for a 
remarkable assemblage of fluvial/glaciofluvial and  

glacio-lacustrine deposits, including deltas, fans and 
terraces. These interests have been described by 
Sissons and Cornish (1983), Peacock (1986, 1989) 
and Peacock and Cornish (1989) mainly from a geo-
morphological perspective, but they also have 
significant potential for sedimentological studies. 
The whole landform system and many of its indi-
vidual elements are of considerable interest both 
intrinsically and in their relationships to the Parallel 
Roads and the sequence of lake drainage events in 
Glen Roy. In this report, the fluvial/glaciofluvial and 
glacio-lacustrine components are reviewed: the site 
descriptions draw heavily on Gordon (1993b). 

Description and Interpretation 

Lake shorelines 

The Parallel Roads have been described extensively 
in the literature (cf. Gordon, 1993b). They are 
almost entirely former lake shorelines, although 
locally they occur as glaciofluvial terraces. Three 
main roads occur in Glen Roy at average altitudes 
of 350 m, 325 m and 260 m; one in Glen Gloy at 
355 m; and one in Glen Spean at 260 m (Figure 
2.53). Typically they are cut in bedrock and com-
prise an erosional floor and backslope and a 
depositional foreslope. Horizontal widths range 
from 1.6 to 63.6 m, and the backing cliff reaches a 
maximum height of 6 m (Sissons, 1978). To explain 
the formation of the features, Sissons (1978) 
invoked a combination of wave action and power-
ful frost disruption of the bedrock along each 
shoreline (see Matthews et al. (1986); Dawson et 
al. (1987) and Shakesby and Matthews (1987) for 
discussion of possible modern analogues). Detailed 
levelling by Sissons and Cornish (1982a,b) has 
shown that the shorelines are not uniformly tilted 
or warped, and that differential movements have 
occurred between blocks of the Earth's crust. 

In Glen Roy, several sites demonstrate key 
aspects of the lake shorelines. The viewpoint (NN 
297853) affords the classic view of the Parallel 
Roads, which are strikingly displayed on both the 
west and east hillsides of the glen. The section of 
Parallel Road on the south side of Glen Roy north 
of the Burn of Agie (NN 369920) is one of the clear-
est examples of a shoreline cut in bedrock. It is 
associated with a prominent delta formed by the 
penecontemporaneous Bum of Agie. For a distance 
of about 300 m north of the burn, the middle road 
is a rock-cut platform up to 12 m wide with a back-
ing cliff up to 5 m high. Shorelines cut in bedrock 
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are also well demonstrated at Braigh Bac (NN 
306882) and Creagan na Gaoithe (NN 370925). In a 
gully on the east side of Glen Roy at (NN 307877), 
there is a good exposure showing the middle road 
cut in bedrock, and in a similar situation at (NN 
304868) the top road is clearly cut across the struc-
tural grain of highly fractured bedrock. The 
susceptibility of the bedrock to weathering, 
demonstrated at the latter locality and elsewhere, 
is an important consideration in explaining the 
processes of formation of the Parallel Roads 
(Peacock and Cornish, 1989). Well-developed 
aggradational shorelines are represented in grid 
squares NN 3592 and NN 3692. Locally, additional 
Parallel Roads are present, for example at 334 m 
and possibly 344 m at Braigh Bac. 

In Glen Gloy, Glen Fintaig (NN 265885) is impor-
tant for a sequence of up to eight shorelines (the 
clearest at 295 m, 355 m, 416 m and 426 m) and  

lake sediments and river terraces (Peacock and 
Cornish, 1989). In addition, the main Parallel Road 
in Glen Gloy at 355 m is also well-developed at Allt 
Grianach (also 295 m road and delta) (NN 270905), 
Auchivarie (NN 287928) (partly cut in bedrock) 
and Allt Fearna (partly cut in bedrock) (NN 
305935). 

In Glean Spean, the 260 m Parallel Road is exten-
sively developed. Particular examples of note are: 
(i) at Creag Bhuidhe (NN 304803), where there is a 
well-preserved stretch 10 - 13 m wide; and (ii) in 
grid square NN 2979, where it is cut in drift and 
demonstrates the original lakeward slope of the 
shore. 

Deltas 

At Roughburn (Figure 2.54) a delta (NN 377813), 
comprising up to 10 m of coarse gravel in steeply 
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dipping foreset beds on top of silty sands, records 
the torrential overspill from the 325 m lake in Glen 
Roy through the col at the head of Glen Glas 
Dhoire and down the valley of the Feith Shiol into 
the 260 m lake in Glen Spean (Jamieson, 1863; 
Peacock and Cornish, 1989). Eastwards along the 
north shore of Loch Laggan, fine-grained sediments 

of the distal part of the delta (bottomset or low-
angle foreset beds) are well exposed (Peacock and 
Cornish, 1989). 

The Inverlair - Fersit area north of Loch Treig 
(Figure 2.54) demonstrates an excellent example 
of a partly kettled delta formed in the 260 m lake 
as the Treig glacier receded back into the valley 
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now occupied by Loch Treig (Peacock and 
Cornish, 1989). The delta extends from around 
Inverlair to south of the Treig dam and comprises 
an extensive area of sand and gravel, with remnants 
of the original delta surface preserved, particularly 
around Fersit. A series of kame terraces lead from 
the delta southwards between Fersit and Loch 
Treig, notably on the east side of the valley. Foreset 
beds in the delta are exposed in the former gravel 
quarry at Fersit and in sections on the west side of 
Loch Treig. Following drainage of the lake, a series 
of outwash and river terraces formed in front of the 
receding glacier. These are represented on the east 
bank of the Treig (Peacock and Cornish, 1989), and 
younger terraces are particularly well seen to the 
south of Tulloch Station, where they continue 
down Glen Spean (Sissons, 1979a). Areas of water-
worn bedrock and p-forms occur on the west 
shores of Loch Treig. The Fersit area also demon-
strates relationships between the lowest Parallel 
Road and glaciofluvial landforms: south of about 
NN 345789, the 260 m shoreline merges with, and 
becomes, a kame terrace. Spectacular kettle holes, 
up to 25 m deep, are present in deltaic deposits at 
Inverlair. 

Fans 

At the junction of Glen Roy and Glen Turret there 
is an important and controversial set of deposits 
comprising a fan with, at its northern end, an irreg-
ular, hummocky surface aligned with a series of 
subparallel mounds and terraces climbing obliquely 
up-valley on the east side of Glen Turret (Figure 
2.55). Details of several important sections are 
described by Peacock (1986) and Peacock and 
Cornish (1989). Sections exposed in the south-east 
bluff of the fan (e.g. at NN 346924) show it to com-
prise coarse, poorly bedded gravels, and 
fine-grained lake sediments can be seen in scrap-
ings on its surface. In a section in the fan (at NN 
338919) Peacock and Cornish (1989) reported the 
following sequence (see also Peacock, 1986): 

(3) Well-bedded gravel, clast-supported, bouldery 
and cobbly (particularly towards the top), with 
a poorly sorted,sandy matrix; bedding subhori-
zontal, parallel to the fan surface, with beds 
less than 0.3 m thick; local sand beds a few 
centimetres thick; local imbrication 	21 m 

(2) Interbedded, hard, pebbly, laminated 
silt, and gravel 	 5.0 m 

(1) Gravelly till 	 1.5 m  

Sections in the mounds at the back of the terrace 
(e.g. at NN 339928) reveal a variety of materials 
ranging from silts and clays to coarse, angular 
debris. The sedimentology of these fan deposits 
and their interpretation is critical in understanding 
the sequence of events (Sissons and Cornish, 1983; 
Peacock, 1986; Peacock and Cornish, 1989). 
Sissons (1977b) interpreted the fan as a delta, and 
later as a subaerial fan (quoted in Gray, 1978). 
However, the association of the deposits, the ter-
race, the mounds on its surface and the lateral 
ridges up-valley is typical of a former ice margin, 
and the north-west flank of the terrace closely 
resembles an ice-contact slope. Thus Rose (quoted 
in Gray, 1978) interpreted the terrace feature as an 
outwash fan formed at an ice limit at some time 
during ice-sheet decay. Peacock (1986) concurred 
with this interpretation. Sissons and Cornish 
(1983), however, favoured outwash deposition into 
the 260 m lake of the rising sequence, at a time 
when the Gloy glacier extended across the col 
between Glen Gloy and Glen Roy. They suggested 
that the rise in lake level in Glen Roy resulted in 
ablation of the Gloy glacier and its retreat into Glen 
Gloy, which thus allowed the higher shorelines to 
form in Glen Turret. The absence of Lateglacial 
pollen from a sequence of organic deposits in a sec-
tion and borehole at Turret Bank (NN 337925) 
suggested to Lowe and Cairns (1989, 1991) that 
Glen Turret was occupied by a Loch Lomond 
Readvance glacier. Although the pollen evidence 
on its own is inconclusive, Lowe and Cairns (1991) 
considered that this interpretation best fitted the 
wider pattern of landforms. However, Peacock (in 
Peacock and Cornish, 1989) considered that the 
commencement of organic sedimentation simply 
related to the drainage of the 260 m lake and not 
to the end of any glacial event. Further work on the 
Turret fan to resolve these outstanding issues is 
awaited (cf. Lowe and Cairns, 1991). 

Several superb examples of alluvial fans occur in 
Glen Roy (Sissons and Cornish, 1983; Peacock, 
1986; Evans and Hansom, 1991). On the east side 
(at NN 330907 and NN 318896) two large dis-
sected fans extend across the valley floor from 
Coire na Reinich and Coire Dubh (the Reinich and 
Brunachan fans, respectively) (Figure 2.56). Others 
are associated with the Burn of Agie, the Canal 
Burn, the East Allt Dearg and the West Allt Dearg 
(Figure 2.55). Peacock (1986) described several 
sections in the fans, which principally comprise 
coarse gravels and sands, in places both overlain 
and underlain by laminated sediments. According 
to Sissons and Cornish (1983), these fans were 
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Figure 2.55 The geomorphology of the northern part of upper Glen Roy. (After Sissons and Cornish, 1983.) 

deposited into the lowest lake of the rising 
sequence, but Peacock (1986) interpreted them as 
being older, subaerial features. 

River terraces 

A particularly fine suite of river terraces, formed by 
the River Roy after drainage of the lowest lake, 
occurs on the south side of the upper Glen Roy 
between about NH 368920 and NH 345920 (Figure 
2.54). Terraces also continue along the floor of the 
glen south-west from Braeroy Lodge. 

An important suite of river terraces recording the 
stages of valley infill and dissection after the 
drainage of the 260 m lake occurs between Roy 
Bridge and Spean Bridge (Sissons, 1979a). The 
upper terraces largely comprise sands (seen in sec-
tion at NN 217819 and NN 274811), which overlie 
lacustrine silts and clays (Peacock, 1970). The 
lower terraces are believed to be cut in lake sedi- 

ments (Sissons, 1979a). East of Roy Bridge a higher-
level terrace remnant is prominent (Peacock and 
Cornish, 1989). At Spean Bridge a sandpit (NN 
217819) shows that the terrace in which it is exca-
vated comprises laminated sands with ripple 
bedding and a small channel near the surface 
(Peacock and Cornish, 1989). On the south side of 
the Glen Spean, Peacock and Cornish (1989) 
recorded a series of exposures in the terrace 
sequence between Insch and Spean Bridge. 

Other landforms and deposits 

In the lower part of the valley of the Allt a' 
Chomlain near its junction with Glen Turret (NN 
330929) a series of gravel mounds and deposits, 
with kettle holes, have been terraced and dissected 
by the river. These deposits were formed during 
the deglaciation of the area, although the precise 
details are unclear (Peacock and Cornish, 1989). 
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Figure 2.56 The fans and river terraces of the southern 
part of upper Glen Roy. (After Sissons and Cornish, 
1983.) 

Also in this area is a terrace which appears to be a 
delta of the 325 m lake (Peacock and Cornish, 
1989). 

Thick drift deposits are present at the head of 
Glen Turret. In a gully section (NN 329944) there 
are up to 27 m of laminated silts, sands and gravels 
containing many angular clasts, which are overlain 
by up to 3 m of till. Sissons (1978) believed the 
source of the angular material to have been frost-
riven debris transported from the lake shores by ice 
floes. Peacock (1986), however, considered the 
material to be waterlain till. East of the section a 
prominent fan appears to be graded to the level of 
the 325 m Parallel Road and may therefore be, in 
part, a delta (Peacock and Cornish, 1989). 

Landforms and deposits in the Allt Bhreac  

Achaidh area (NN 298875) (Peacock and Cornish, 
1989) include ridges of laminated silt and gravel 
with liquefaction and other deformation structures 
(Ringrose, 1987b, 1989), river terraces underlain 
by laminated silt, and glacial and paraglacial land-
forms and deposits. 

On the hillside north of the viewpoint in Glen 
Roy, the limit of the Loch Lomond Readvance ice 
occurs at, or a little beyond, the northern end of a 
massive, dissected drift plug up to 80 m thick 
(approximately NN 298864-NN 300850) (Sissons, 
1979b). Here, the probable ice margin is marked 
by a clear drift limit, while on the east side of the 
glen there is a landslide and drift ridge at the ice 
limit. Roadside sections near the top of the drift 
infill reveal glaciofluvial sands and gravels, and 
lacustrine silts and sands with drop stones and 
slump structures (NN 296858). Various gully expo-
sures (see Peacock and Cornish, 1989) reveal 
further sands and gravels, and till near the base. 
These deposits form a glacio-lacustrine delta with 
foreset and bottomset beds. A sequence of river ter-
races extends from the southern end of the drift 
plug to Roy Bridge and merges with the Glen 
Spean terraces. The former relate to the dissection 
of the drift plug by the waters of a remnant lake 
impounded by the plug following the drainage of 
the 260 m lake (Sissons, 1979a). 

At the Caol Lairig (NN 288864) four shorelines, 
in part lacustrine deltas, are present on the valley 
sides; a shoreline at 297 m is related to the altitude 
of the Caol Lairig - Glen Roy col. Deltas and fans 
occur on the valley floor. Several sections in glacio-
lacustrine sediments (Peacock and Cornish, 1989) 
display sedimentary structures that may relate to 
earthquake deformation (Ringrose, 1987b, 1989). 

Good sections in lake sediments are frequently 
exposed in cuttings along the public road in Glen 
Roy, and they provide a valuable source of sedi-
mentary information. For example, Miller (1987) 
has identified two types of rhythmic deposit on the 
basis of their sediment characteristics and strati-
graphic position. `Group I laminates' (fine sands 
and silts) tend to cap major sediment bodies. They 
are typical of proximal glacio-lacustrine deposits 
and they were probably deposited in the 350 m 
lake during the Loch Lomond Stadial. `Group II lam-
inates' (silts and clays) typically underlie major 
sediment bodies. They have characteristics of dis-
tal glacio-lacustrine sediments, probably deposited 
during an early stage of the rising lake sequence. 

Several mounds (at NN 280910) near Alltnaray 
are believed to mark the limit of the Loch Lomond 
Readvance ice in Glen Gloy (Peacock, 1970; 
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Sissons, 1979b), although this was not accepted by 
Sissons and Cornish (1983) (see also discussion of 
the Turret fan above). Inside this limit, thick drift 
deposits are exposed along the forest road on the 
west side of the glen. They are attributed to debris 
flows and delta formation (Peacock and Cornish, 
1989). 

In Glen Gloy at the Allt Neurlain (NN 303926) 
several features are of interest, including fault-con-
trolled streams, a delta at the 355 m road and sandy 
hummocks that possibly comprise a subglacial fan. 

The valley of the Allt Leachdach, a south bank-
tributary of the River Spean, provides important 
evidence for lake levels above 113 m (Peacock and 
Cornish, 1989). Near Loch a' Bhuic (NN 264788), 
which is dammed by an esker, a kame terrace 
grades into the 260 m shoreline and a `collapsed' 
fan/delta is also associated with it. Lower down the 
valley, deltas and fans are associated with succes-
sively lower lake levels at about 143 m, 130 m, 
122 m and 114 m. The last level corresponds to the 
113 m lake discussed by Sissons (1979a). These 
levels provide significant evidence for interpreting 
the sequence of lakes that followed drainage of the 
260 m lake. However, it is unclear whether they 
relate to the period of variable lake level following 
drainage of the 260 m lake (see Sissons, 1979a) or 
indicate an intermittent drop in lake level (Peacock 
and Cornish, 1989). Later terraces and Hjulstrom-
type deltas in Glen Spean are also well 
demonstrated in this area, for example near 
Coirechoille (NN 250807). 

Deltas, fans and high-level terraces elsewhere in 
Glen Spean provide important evidence for inter-
preting the sequence of events at the time of, and 
following, the 260 m lake: 

• Kame terrace/delta at Achnacochine (NN 
310807) associated with the 260 m Parallel 
Road and with retreat of the Spean glacier. 

• The 175 m delta of the River Spean at Tulloch 
(NN 330807). 

• Glacio-lacustrine delta, with a good section 
showing internal composition, at Innis nan 
Seangan (NN 317794) above the level of the 
260 m Parallel Road. 

• Large outwash trains in the valley of the Allt 
nam Bruach (NN 314807), associated with the 
260 m lake. Following the drainage of the lake, 
the outwash was dissected by the Allt nam 
Bruach and the material redeposited at the 
mouth of the valley as steeply sloping terraces 
which merge with those of Glen Spean (Sissons, 
1979a). Near NN 309802 the lowest Parallel 

Road merges with a glaciofluvial terrace. 
• High Spean terrace at Insch (NN 264802), with 

good sections in deltaic bottomset beds. 

Many of these deposits in Glen Spean consist of 
delta topset beds overlying bottomset beds, with-
out foreset beds, in contrast to the Roughburn and 
Treig deltas. They are thus probably of Hjulstrom 
type rather than Gilbert type (J.D. Peacock, unpub-
lished data). 

The Inverlair (NN 341806) and Monessie (NN 
298811) gorges on the River Spean are of interest 
as features of fluvial erosion and, although utilized 
during Lateglacial times, are possibly older in origin. 
At the eastern end of the Monessie gorge several 
large, and numerous small, potholes are of note. 

The cross-valley moraines that occur in Glen 
Spean and the valley of the Allt Achadh na Dalach 
west of Spean Bridge may have formed in associa-
tion with a calving ice margin after drainage of the 
260 m lake (cf. Gordon, 1993b). 

West of Spean Bridge the River Spean turns 
abruptly northwards to flow through a gorge, 3 km 
long and up to 30 m deep, into the Great Glen at 
Gairlochy, while the obvious continuation of the 
valley to the south-west is occupied by the misfit 
Allt Achadh na Dalach (Figure 2.57). 

The gorge functioned as a subglacial routeway 
for the catastrophic drainage of ice-dammed lakes 
in Glen Spean, but may have originated earlier 
(Sissons, 1979a). The relationships of river terraces 
to the gorge are discussed by Sissons (1979a,c). In 
this area, around Brackletter and across the Spean 
gorge to the east, there is a varied and important 
assemblage of glaciofluvial and glacio-lacustrine 
landforms (Figure 2.57): 

• A sequence of cross-valley moraines associated 
with the Spean Glacier (Figure 2.57, A-H). 

• A Gilbert-type glacio-lacustrine delta related to 
the 113 m lake (Figure 2.57, I). Good sections 
in topset, foreset and bottomset beds have been 
exposed in Brackletter sandpit. 

• Giant potholes in the gorge of the Allt a' Mhill 
Dhuibh (NN 197827), possibly formed sub-
glacially by jokulhlaup (glacier burst) discharge 
(Peacock and Cornish, 1989) (Figure 2.57, P). 

• Glaciofluvial landforms including eskers, kames 
and kettles north of Brackletter. 

At the northern exit of the Spean Gorge and in 
the area around Gairlochy two suites of terraces 
relate to former higher levels of Loch Lochy 
(Peacock, 1970; Sissons, 1979a,c). 
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The Lundy Gorge is a large meltwater channel 
which functioned as an outlet for ice-dammed lakes 
in Glen Spean for a period after the drainage of the 
260 m lake. It is an important element in the his-
tory of events in the area, and its role and 
relationships have been discussed in detail by 
Sissons (1 979c). Recent sand and gravel extraction 
has exposed the rock-cut north wall of the gorge 
from beneath the kamiform sand and gravel 
deposits that extend to the north and north-east. 
There is a good section in these deposits at Tom na 
h-Iolaire (NN 185778). 

An unusual, `cirque-like' feature which leads into 
a meltwater channel on a hilltop south of 
Glenfintaig House (NN 201857) (Figure 2.57, K), 
has been interpreted by Sissons (1979c) as an aban-
doned waterfall site recording the final jokulblaup 
(glacier burst) of the ice-dammed lake in Glen 
Spean, that had been periodically discharging 
through the Lundy Gorge. 

Evolution of the glacial lake system 

The history of the interpretation of the Parallel 
Roads is reviewed elsewhere (Gordon, 1993b). In 
summary, Agassiz (1841, 1842), first propounded 
the existence of former ice-dammed lakes in Glen 
Roy, following a visit there in 1840. This idea was 
subsequently elaborated by Jamieson (1863, 1892). 
More recently, Sissons (1977b, 1978, 1979a-c, 
1981 a,b) established in some detail the sequence 
of events involved. Lakes in Glen Roy, Glen Gloy 
and Glen Spean were impounded by ice of the 
Loch Lomond Readvance from west of the Great 
Glen, coalescing with glaciers from the Ben Nevis 
range and from the ground to the south via the 
Laire and Treig breached valleys (Figure 2.58). At 
its maximum extent the ice reached the western 
end of the present Loch Laggan and penetrated up-
valley into Glen Roy and Glen Gloy (Figure 2.58). 
As it advanced, the ice ponded back a series of ice-
dammed lakes, successively at 260 m, 325 m and 
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350 m (the rising sequence). The levels of these 
lakes were controlled by the altitudes of the low-
est ice-free cols on their perimeters (Jamieson, 
1863; Sissons, 1977b). At the maximum extent of 
the ice, the Glen Gloy lake, overflowed through the 
col at 355 m on the Gloy-Turret watershed into the 
Glen Roy lake which attained maximum dimen-
sions of 16 km in length and 200 m in depth. The 
level of the Glen Roy lake was controlled by the 
350 m col leading into Strathspey at the head of the 
glen. The waters of a contemporary lake in Glen 
Glas Dhoire escaped to the east through a col at 
325 m into an extensive lake at 260 m controlled 
by the Feagour col at the eastern end of the pre-
sent Loch Laggan. As the ice retreated, lakes were 
formed at successively lower levels (the falling 
sequence). First in Glen Roy, the 325 m col became 
available as an outlet for the Roy lake, and the latter 
fell to its middle level. Subsequent decay and west-
ward retreat of the ice margin to the vicinity of 
Spean Bridge allowed the Roy lake to fall to the 
level of the 260 m lake in Glen Spean, which at its 
maximum extent was 35 km long. In Glen Gloy the 
level of the lake remained constant, as the col at 
the head of the glen is the lowest in the watershed. 

Drainage of the 260 m lake may be inferred by 
analogy with modern ice-dammed lakes in many 
parts of the world, which drain periodically by cat-
astrophic subglacial flow of the ponded water (for 
example, Liestol, 1956; Stone, 1963; Mathews, 
1973; Dawson, 1983; Clement, 1984; Shakesby, 
1985; Russell, 1989); the resulting floods are com-
monly described by the Icelandic term 
'jokulblaup' (glacier burst). From his detailed 
investigation of the field evidence, Sissons (1979c) 
proposed that the 260 m lake was drained by cata-
strophic subglacial flow through the Spean Gorge 
and northwards along the Great Glen to the Moray 
Firth. At Fort Augustus (see Firth, 1993) an exten-
sive spread of sand and gravel is thought to have 
been deposited by the jokulhlaup, as is a large 
gravel deposit in the Beauly Firth at Inverness 
(Sissons, 1981a). Subsequently, there was a period 
of oscillating lake levels and smaller jokulhlaup 
events through the Spean Gorge and later through 
the Lundy Gorge. Upon the abandonment of the 
latter route, drainage shifted back to the north-east, 
first in the form of a jokulhlaup along a now-aban-
doned waterfall and channel near Glenfintaig 
House then via an overspill channel from a later 
lake in Glen Spean at 113 m. Considerable fluvial 
infill took place in Glen Roy and Glen Spean after 
the drainage of the 260 m lake, and a complex 
series of over 20 terraces has been identified  

(Sissons, 1979a), some of which relate to a variety 
of lower lake levels in Glen Spean and other, later, 
ones to higher levels of Loch Lochy. Failure of the 
ice dam in Glen Spean led to final drainage through 
the Spean Gorge, further dissection of the valley 
infill and terrace deposition in the Gairlochy area. 

Assessment 

Glen Roy, Glen Spean and Glen Gloy together form 
an area of outstanding importance for geomor-
phology. This area provides the clearest and most 
complete assemblage of morphological and sedi-
mentological evidence in Britain for the formation 
and drainage of ice-dammed lakes. It is unique in 
Britain not only for the extent, clarity and degree 
of development of glacial lake shorelines, but also 
for the remarkable assemblage of related landforms 
and deposits. These record geomorphological 
processes both during and following successive 
stages of glacial lake development and catastrophic 
drainage, and include moraines, stagnant-ice 
deposits, kame terraces, meltwater gorges, lake-
floor sediments, fans, Gilbert-type and 
Hjulstrom-type deltas, river terraces and landslides. 
Moreover, variations in the altitudes of the shore-
lines have provided new and significant evidence 
concerning deformation and dislocation of the 
Earth's crust in glaciated areas. The pre-eminence 
of the area is also recognized historically when, par-
ticularly during the 19th century, it played a 
significant role in the development of geomorpho-
logical ideas and models of landscape formation. 

Scientific interest in Glen Roy, Glen Spean and 
Glen Gloy is therefore focused not only on individ-
ual or unique landforms, but also on the total 
assemblage of features, how they interrelate and 
together provide the evidence for interpreting the 
complex sequence of events recorded in the land-
forms and sediments of the area. The prime 
features of this interest from a fluvial and lacustrine 
perspective are as follows: 

The Parallel Roads which are the best examples 
in Britain of shorelines formed by ice-dammed 
lakes; their extent, altitudes, clarity of preserva-
tion, variations in form and nature (both 
erosional and depositional) and relationships to 
former ice-fronts are all of major importance. 
The alluvial fans in Glen Roy, which are among 
the most extensive and clearly developed in 
Britain, both as landform examples and for their 
potential for sedimentological studies. By con-
trast with other alluvial fans included in this 
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volume (e.g. Quoich fan, Feshie/Spey 
confluence fan), the origin of the fans in Glen 
Roy is now relatively well documented. 

3 The lake deltas, particularly at Inverlair-Fersit, 
Roughburn and Brackletter, which are of key 
interest both for landforms and sedimentology, 
and are among the best examples of their kind 
in Britain; compared with Achnasheen (see 
Gordon and Sutherland, 1993) they generally 
demonstrate much more extensive sediment 
collapse related to burial and melting of masses 
of glacier ice. The contrasting Gilbert-type and 
Hjulstrom-type deltas are essential elements in 
understanding the sedimentary processes dur-
ing and following the time of the Parallel Roads 
lakes. 

4 The river terraces in lower Glen Roy and mid-
dle and lower Glen Spean, which in their 
landforms and sediments preserve a detailed 
record of geomorphological change and adjust-
ments to changed sediment supply and 
discharge conditions at the Lateglacial-
Holocene transition and subsequently during 
the Holocene. The staircase of over 20 terraces 
in lower Glen Spean provides one of the most 
complete records of valley floor incision thus 
far recorded in Scotland. This aspect has signifi-
cant potential for further research in the light 
of studies elsewhere (e.g. Maizels and Aitken 
(1991), and the terraces on the River Findhorn 
(see report in this volume)). 

5. The meltwater gorges, possibly related to cata-
strophic lake drainage, which afford some of 
the most noteworthy examples of bedrock 
channels in Scotland of known origin. 

6. The lake sediments, with their potential for 
process studies and interpreting patterns of 
palaeoseismicity. 

7. The total assemblage of features, which pro-
vides uniquely detailed evidence in Britain for 
catastrophic glacial lake drainage. 

8. The archive of landforms and deposits clearly 
related to a particular geological datum, which 
provides unsurpassed potential for comparative 
studies of a whole range of geomorphological 
process magnitudes and rates during a period of 
extremely rapid environmental change. 

In summary, many of the individual 
fluvial/glaciofluvial and glacio-lacustrine landforms 
are not only exceptional in terms of their quality, 
but also in terms of their location within a relatively 
small area. Furthermore, they provide the evidence 
for the sequence of events associated with the for-
mation and catastrophic drainage of the most 
famous ice-dammed lake system in Britain. 
Although ice-dammed lakes have been identified 
elsewhere in Scotland (Ballantyne, 1979; Sissons, 
1977a, 1982) and in England (Shotton, 1953; Straw, 
1979; Gaunt, 1981), extensive shorelines and 
related landform assemblages are rarely as well 
developed or preserved. Above all, what distin-
guishes Glen Roy and the Parallel Roads as a 
locality of international importance for geomor-
phology is the total range of landforms, their clearly 
demonstrated relationships and the relatively com-
pact extent of the whole assemblage. 

Although the area has been studied for over 200 
years, it still has significant potential for further 
research, particularly on the sedimentology of the 
various deposits, the relationships between sedi-
ments, landforms and geomorphological processes, 
the changes in process rates through time and 
problems of landform genesis and chronology. 

Conclusion 

Glen Roy is one of the most famous landform land-
marks in Britain and is internationally recognized 
as a classic locality for the shorelines of an ice-
dammed lake, represented by the Parallel Roads, 
that formed during the Loch Lomond Stadial 
(approximately 11 000 - 10 000 BP). In their 
extent, continuity and degree of preservation, the 
Parallel Roads of Glen Roy and adjacent glens are 
unique in Britain. Associated with the Parallel 
Roads is a remarkable system of fluvial/glaciofluvial 
and glacio-lacustrine landforms and deposits 
recording a complex sequence of landscape 
changes in Lateglacial and early Holocene times. 
Many of these features are amongst the most 
extensive and clearly developed of their kind in 
Britain. 
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