Connectivity analyses of valley patterns indicate
Devensian glacial drainage activity in Mid-Wales
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j Abstract

m Methods

Coastal valleys in the west part of Mid-Wales, such as the Mawddach, Dysynni, Tal-y-llyn and
Dyfi, are believed to have acted as corridors for ice which drained the Welsh Ice Cap during
the Devensian1, 2. However, analysis of digital elevation models (DEMs) and interpretation of
satellite images and aerial photographs reveal large variations in the amount of glacial modification between these valleys. Although all the valleys are glacially over-deepened along
Silurian fault lines, only the Dyfi basin exhibits a dendritic pattern with V-shaped cross profiles
and valley spurs typical of valleys formed by fluvial processes.

Connectivity analysis
A valley connectivity analysis3 was performed in
order to quantify the glacial modification of the
valley network. The connectivity is defined by α
and β values, according to the formula:

Connectivity analysis of the Dyfi basin shows that it exhibits little glacial modification of the
preglacial fluvial valley pattern. Compared with the river valleys to the north it is unlikely that
powerful ice streams existed in the Dyfi basin for significant parts of the Late Devensian. The
general river valley morphology of the Dyfi basin is thus interpreted to be at least of a pre-Late
Devensian age, the preservation due to cold-based ice.

where: E = number of valley segments (fluvial or
glacial links), V = number of valley junctions
(nodes), and G = number of separate sub-basins.
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k Introduction
One of the most fundamental and distinctive
ways in which warm-based ice sheets modify
topography is by altering the valley pattern3 (Fig.
1). A fluvial landscape is generally characterised
by a dendritic drainage pattern3, 4, with irregular
branching of tributaries, V-shaped valley cross
profiles, smooth concave long profiles, and no
glacial over-deepening or valley steps. Where
these occur in a formerly glaciated area they are
commonly assumed to represent the pre-glacial
landscape, given that ice sheets commonly
modify the landscape by watershed breaching,
cutting new troughs into the landscape, which
results in a high interconnectivity between the
valleys3, 5.

α = ((E-V+G) / (2V-5)) x 100%, and: β = E / V,

A perfectly dendritic network has an α value = 0
and a β value of < 1 (Fig. 3). Glacial modification
of the network, i.e. greater connectivity, increases
the α and β values. A low α value (between 0.75
and 1.5) indicates some watershed breaching,
while values above signify multiple breaching3.

Figure 3: Examples of network connectivity.
(a) Purely dendritic fluvial network with one
sub-basin, α value = 0 and β value of < 1.
(b) Glacial modification in form of watershed
breaching increase the connectivity. α and β
values become larger with increasing
connectivity.

Image interpretation
LANDSAT 7 Enhanced Thematic Mapper Plus (ETM+) satellite images (15 m resolution) and DEMs
sourced from NEXTMap Britain (horizontal resolution 5 m, vertical accuracy of < 1 m), were used to
visually detect and identify mega- and macro-structures on a regional scale, such as bedrock structure, drainage pattern and glacial lineations. Colour aerial photographs (scale 1:10 000) were used to
detect and identify landform components, such as bedrock structure, valley spurs, cirques, moraines
and glacial meltwater channels. The image interpretation was verified by subsequent field visits. The
data was then compiled and analysed in ArcMap 9.

Figure 1: Schematic cross-section through an ice
sheet, showing the relationship between ice-flow
velocity, glacial erosion and valley pattern
connectivity.

If the valleys in western Mid-Wales (Fig. 2) acted as major drainage conduits for the Welsh Ice Cap,
then a likely outcome would be an increase in valley interconnectivity. To test this hypothesis we
performed a valley connectivity analysis of the adjacent drainage basins of Dysynni/Tal-y-llyn and
Dyfi to investigate the level of glacial modification between them.

Figure 4: Digital elevation model with the Dysynni/Tal-y-llyn and Dyfi catchments (left), and the
resulting valley network map with connectivity analysis (right).

n Results & Conclusions
There is a large variation in the amount of glacial modification of river valleys in western Mid-Wales.
The Dyfi basin exhibit a dendritic river pattern, with valley spurs and V-shaped valleys. Glacial meltwater incision in the SE sector of the Dyfi basin has resulted in river capture across watersheds.
The connectivity analysis for the Dysynni/Tal-y-llyn and Dyfi catchments is illustrated in Figure 4,
and shows there is a difference in the amounts of drainage modification between the catchments.
The Dyfi basin exhibits an almost completely dendritic pattern with little glacial modification of the
preglacial fluvial valley pattern in form of valley breaching.
It is proposed here that the general river valley morphology of the Dyfi basin is of a pre-Late
Devensian age. The degree of preservation indicates moderate modification by glacial processes,
despite the area being subjected to Late Devensian glacier activity. It is possible that major parts of
the basin were covered by cold-based or slow-moving ice during much of the Late Devensian, with
the major ice drainage occurring along the weaker zone of the Pennal fault, causing minor adjustments to the surrounding interfluves and uplands. Compared with the river valleys to the north it is
unlikely that powerful ice streams existed in the Dyfi basin for significant parts of the Late
Devensian.

a

These findings are important for palaeoglaciological reconstructions of the Welsh Ice Cap. The
identification of a preglacial river pattern in the Dyfi basin suggests: (1) a complex drainage history;
(2) not only the interior uplands were subjected to cold-based ice; (3) Late Devensian glacial erosion was not as severe as previously believed; and (4) larger areas of Wales and the UK, yet to be
identified, might have been subjected to cold-based ice conditions.

Figure 2: Relief-shaded digital elevation model (DEM) of drainage pattern and major faults (marked
in orange) in western Mid-Wales. (Geological fault data for the interior of the Dyfi basin is exempt
from the figure as the map sheets 150 and 164 are (as of Sept 2009) unpublished by the British
Geological Survey).

l Geographic and geologic setting
Western Mid-Wales is characterised by a hilly to mountainous landscape. The river valleys of
Mawddach, Dysynni and Tal-y-llyn are glacial troughs with faceted valley spurs and hanging valleys.
Although glacial erosion has been a dominant factor in shaping the upper Dyfi catchment, the middle
parts of the Dyfi basin exhibit a well-developed dendritic drainage pattern, with narrow river valleys,
preserved valley spurs and V-shaped cross profiles. Fresh glacial erosional landforms are rare. The
scarcity of landforms and dated sediments has made the glacial history of the area poorly understood2.
The areas of Mawddach, Dysynni and Tal-y-llyn constitute mainly of resistant volcanic bedrock6. The
Dyfi basin dominates by sedimentary bedrock (Lower Palaeozoic mudstones and sandstones)
orientated generally in NNE-SSW trending folds, with distinctive faults aligned WSW and NNW7.
However, the dendritic drainage pattern of the Dyfi basin is relatively unaffected by the gross geological structure, with the exception of the Afon Dyfi itself, which follows the Pennal fault. This may
suggest superimposed drainage initiated upon a cover of Mesozoic rocks8 in the Neogene9. The
dendritic pattern may thus have survived and developed relatively unaffected by subsequent
Pleistocene glaciations.
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