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The number, form and origin of a stepped sequence of sub-horizontal surfaces in north Ceredigion, U.K., has been the subject of continuing contro-
versy over nearly two centuries of investigation. Renewed impetus to re-examine the evolutionary geomorphology of the area is provided by a num-
ber of parallel advances within associated earth science disciplines. Using traditional geomorphic research techniques, data are presented from the 
interrogation of a Digital Elevation Model (DEM) to constrain the number and form of the sub-horizontal surfaces in the region. Altitude-frequency 
histograms identify tilted sub-horizontal surfaces elevated at between 81-270, 221-440 and 431-540 m asl, whereas topographic profiling techniques 
demonstrate that a tripartite division is no more applicable than that of a single concave surface for the characterization of the landscape. It is sugges-
ted this observed tripartite arrangement has developed from an initial single uplifted concave surface. The origin of the surfaces is considered within 
the context of regional geomorphic inheritance and continental deformation. A model of landform morphogenesis is proposed that considers all 
relevant geomorphic lines of enquiry; the importance of adopting an integrationist ethos in studies of evolutionary geomorphology is stressed.      
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Introduction
The landscape of north Ceredigion (Fig. 1) has long been 
regarded as being characterized by a stepped sequence of 
sub-horizontal surfaces situated over an extensive altitu-
dinal range (ca. 100-750 m asl). Researchers have never 
agreed as to the number, form, and origin of these sur-
faces, or whether it is possible to correlate them on a 
regional or inter-regional basis. Reasons for such dif-
ficulties are not difficult to discern; there are no known 
indicative surficial sediments or weathering residuals in 
north Ceredigion with which to constrain the age or ori-
gin of such surfaces, and the post-Silurian geological and 
tectonic history of the region has been either largely con-
jectural or based on negative evidence (cf. Hancock 1992; 
Cope 2006). A clear, objective understanding of the sub-
horizontal surfaces is thus desirable, and it is now possible 
to re-examine these controversies in light of a number of 
parallel advances in geomorphology and associated earth-
science disciplines. First, recent computational advances 
have provided an opportunity to visualize, analyze and 
interpret medium and high resolution DEMs at regional 
scales, with an increasing number of geomorphic studies 
using such datasets as a primary tool for physiographic 
analysis (e.g. Lidmar-Bergström 1988, 1996; Fjellanger 
& Etzelmüller 2003; Bonow et al. 2006). Second, since 
the early 1980s there has been growing appreciation of 
the importance of palaeoweathering mantles and inher-
ited surficial sediments to geomorphic reconstructions in 
Britain (e.g. Jones 1980, 1999; Hall 1991) and northern 
Europe (e.g. Lidmar-Bergström 1982; Battiau-Queney 

1996; Migo  & Lidmar-Bergström 2001). With regard 
to Wales, these developments have primarily focused on 
studies of in situ deep palaeoweathering profiles (e.g. Bat-
tiau-Queney 1984), karstic solution subsidence phenom-
ena (e.g. Morawiecka et al. 1996), and inherited land-
forms (e.g. Battiau-Queney 1987). Third, a number of 
recent studies concerning continental deformation and 
thermochronology from the Welsh region have been pub-
lished (e.g. Muir Wood 1989; Holford et al. 2005a, 2005b; 
Williams et al. 2005) that provide important information 
regarding the timing of post-Silurian uplift and erosional 
events. Taking these parallel advances into consideration, 
it is evident that an integrationist ethos must be adopted 
in studies of long-term landform evolution (e.g. Japsen et 
al. 2006) to ensure that all available evidence is incorpo-
rated into models of regional evolutionary geomorphol-
ogy. Such an approach will help proposed models to better 
withstand critical scrutiny and increase the explanatory 
power required to elucidate landform morphogenesis.

 

Aim and objectives
The aim of this paper is to undertake morphometric inter-
rogation of a DEM in order to determine the number and 
form of sub-horizontal surfaces in north Ceredigion. 

To achieve this aim, the specific objectives of this paper are to:
• Highlight the diverse range of opinions regarding the 

number, form and origin of the sub-horizontal sur-
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faces in north Ceredigion. 
· Establish whether or not widespread surfaces can be 

determined within the study area through the applica-
tion of traditional geomorphic techniques to a DEM 
dataset.  

·  Fit these findings into a model of landform morpho-
genesis for north Ceredigion that is consistent with the 
presented geomorphic data.

 

Definitions
A sub-horizontal surface is a non-genetic term to 
describe a physiographic feature formed by denuda-
tion, with an inclination of less than 6.5° (Bonow et 

al. 2003). Within the context of the north Ceredigion 
landscape, it is pertinent to outline the possible modes 
of formation attributed to sequences of stepped sub-
horizontal surfaces. Such features are usually explained 
in terms of either backwearing processes (e.g. Penck 
1953; King 1967; Ahnert 1998) or downwearing pro-
cesses (e.g. Büdel 1982; Thomas 1995). Those mod-
els that highlight backwearing and pedimentation 
emphasize the fundamental role of local and conti-
nental base-levels. Models that emphasize downwear-
ing call for tectonic, structural and lithological con-
trols on denudation to be critical in the production of 
topographic features (Thomas 1994). However, many 
studies have successfully integrated both backwearing 
and downwearing (e.g. Lidmar-Bergström 1982, 1999; 
Bonow 2004) to explain observed landscapes. Inherited 
landscapes or inherited landscape features are those that 
formed under a different external environment and/or 
tectonic regime to that operating at the present, and 
which have hitherto not been removed by subsequent 
denudational processes (Migo  & Goudie 2001). In 
British geomorphology, inherited is often synonymous 
with pre-glacial or pre-Quaternary.

Two differing approaches to studies of evolutionary 
geomorphology are considered in this paper. The first 
approach is termed British denudation chronology, and 
this formed the framework around which studies of 
long-term landscape evolution came to be considered in 
Britain until the 1960s. Rather than using the landscape 
record as an independent tool with which to explain 
regional evolutionary geomorphology, British denuda-
tion chronology attempted to explain landscape mor-
phology within a pre-defined set of assumptions that 
were strongly influenced by Davisian geomorphologi-
cal thinking (e.g. Davis 1912); for example, (i) a sub-
horizontal denudation surface may be either subaerial 
(peneplain) or marine (abrasion platform) in origin; 
(ii) a steep slope between two sub-horizontal surfaces 
is a cyclic erosion feature indicative of relative base-
level fall; and (iii) the highest sub-horizontal surface is 
the oldest and the lowest the most recent. Within this 
framework, the Welsh region was not considered to have 
undergone major deformation, folding, or faulting dur-
ing the Cenozoic, but widespread uplift and/or doming 
occurred that was considered to be causally associated 
with the Alpine orogeny. The extensive criticism that 
followed (e.g. Chorley 1963) has ensured that very little 
work regarding regional long-term landscape evolu-
tion has been attempted subsequently by British geo-
morphologists. The second approach is termed mobilist 
theory, an often overlooked French interpretation of the 
landscape morphogenesis of western Britain (e.g. Ref-
fay 1972; Battiau-Queney 1980, 1984; Coque-Delhuille 
1987). Within a mobilist methodological framework, 
landform development in the British region is consid-
ered to depend primarily on lithospheric properties as a 
consequence of the significant crustal heterogeneity in 
the region. Therefore inherited landforms, such as sub-

Fig. 1 (A) Location map of Wales with the north Ceredigion study 
area highlighted (B) The north Ceredigion study area, with the main 
landscape features named, including the approximate geographical 
distribution of the three widespread sub-horizontal surfaces identi-
fied in the study 
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horizontal surfaces, are able to survive alongside areas 
that have undergone rapid changes in the geologically 
recent past (Battiau-Queney 1999) and sub-horizontal 
surfaces cannot be correlated on an inter-regional basis.   

Number, form and origin of the stepped 
surfaces in north Ceredigion
The range of opinion that has existed with regard to the 
number, form and origin of the sub-horizontal surfaces 
in north Ceredigion is shown in Fig. 2. Ramsey (1846) 
proposed a single, sub-horizontal surface formed as an 
abrasion platform during the Eocene. Keeping (1882) 
suggested that two surfaces could be recognized, sepa-
rated by a degraded cliff-line. The “Lower Surface” was 
considered to occupy an altitudinal range of between 
122-213 m asl, with the “Higher Surface” occupying 
an altitudinal range of between 335-457 m asl. Keep-
ing (1882) upheld the age and origin given by Ramsey 
(1846). Fearnsides (1910) identified a further sub-hori-
zontal surface with a south-easterly tilt occupying an 
altitudinal range of between 610-762 m asl, formed by 
subaerial denudation during the early Cenozoic. Jones 
(1911) was the first to propose divergent origins for the 
individual sub-horizontal components of the stepped 
sequence. Jones’ (1911) “High Plateau” was suggested to 
tilt southward with an altitudinal range of between 610-
549 m asl; this surface was proposed to have formed the 
floor of a chalk sea and was raised to its present eleva-
tion by Miocene uplift and tilting. Jones’ (1911) “Coastal 
Plateau” was elevated to between 152-274 m asl. In 1912, 
Davis and Sawicki both corroborated the subaerial origin 
of Jones’ “High Plateau”. Sawicki (1912) also acknowl-
edged the presence of the “Higher Surface” of Keeping 
(1882), and split the coastal plateau into two separate fea-
tures between 122-152 m asl and 244-274 m asl. Sawicki 
(1912) regarded all four sub-horizontal surfaces as sub-

Fig. 2 Postulated sub-horizontal surfaces in north Ceredigion: a summary 
of results from field and map-based studies (modified from Brown, 1950)  

Fig. 3 Geologi-
cal map of the 
north Cere-
digion study 
area. Named 
structural fea-
tures referred 
to in the indi-
vidual topo-
graphic profiles 
(Fig. 7)

NORWEGIAN JOURNAL OF GEOLOGY The number, form and origin of sub-horizontal surfaces in north Ceredigion



210

aerial in origin. Challinor (1930) rejected the notion of a 
series of sub-horizontal surfaces and forwarded the pos-
sibility that a single concave surface of subaerial origin 
characterized the landscape of north Ceredigion. Challi-
nor (1930) reasoned that altitudinal accordance could be 
produced by the uniform distribution of erosional forces 
and equal stream spacing. Miller (1938) recognized a 
number of sub-horizontal surfaces in Ceredigion that 
were considered to have been formed by marine abra-
sion, and where the principle sub-horizontal surface was 
proposed to occupy an altitudinal range of between 457-
518 m asl; this corresponds approximately with the “High 
Surface” of Keeping (1882) and Sawicki (1912). Brown 
(1950) identified up to nine discrete surfaces within the 
region, although only three were considered to be wide-
spread; the width of each of these marine-abraded sur-
faces was considered to be proportional to the duration 
of the still-stand under which they had formed. Later, 
Rodda (1970) used trend-surface analysis to attempt a 
more objective study of the area interrogated by Chal-
linor (1930) and Brown (1950). The conclusion reached 
was that the tripartite division of Brown (1950) was jus-
tified, but the single concave surface of Challinor (1930) 
was nearly as appropriate.

 

Geological setting and development
The solid geology of north Ceredigion (Fig. 3) is entirely 
of Ordovician and early Silurian age, with the sedi-
mentary units having been deposited in a marine basin 
flanked on the east by a slope rising to a sea shelf (Jones 
& Pugh 1935). Much of the sediment was derived from 
turbidity flows that moved rapidly downslope before dis-
semination across the basin floor (BGS 1984, 1994). The 
gross lithologies are dominated by grey mudstones with 
subordinate paler grey arenites (poorly sorted siltstones 
and sandstones) and such deposits occupy an exten-
sive area of central Wales. These lithologies do not form 
extensive weathering profiles and the weathered prod-
ucts are removed easily by active hillslope processes (Bat-
tiau-Queney, pers. comm. 2006). The strata were initially 
folded, cleaved and faulted in the late early Palaeozoic. 
Major folds within the Pumlumon Dome inlier plunge 
to the NNE in the north and to the SSW in the south 
(BGS 1984). Within the study area, three disparate struc-
tural styles are observed. In the eastern sector, the style 
of folding is generally upright or of small ESE vergence 
and the cleavage dips are correspondingly steep, gener-
ally to the WNW. In the western sector, folds verge west-
wards and near the coast the west-facing limbs are pro-
gressively steeper until ultimately becoming overturned. 
Fold axes are commonly faulted and the cleavage dips are 
generally easterly, and, near the coast, shallow. Separating 
these two sectors is a narrow zone, the Glandyfi Linea-
ment. Here dips are locally low, while cleavage dips are 
variable and both eastward and westward in direction 
(BGS 1984). Each sector has a structural identity that is 

largely independent of lithology and stratigraphy with 
fold and cleavage divergence along the Glandyfi Linea-
ment. Relief compression appears to have been focused 
upon this zone, producing an arch in the sediment cover 
at a relatively shallow depth that subsequently collapsed 
westwards (BGS 1984). Fault patterns are also distinc-
tive in the three areas. In the eastern sector there is a pat-
tern of transverse faults, with a major set aligned WSW. 
These are predominately normal, but with local tear 
components. A subordinate set is aligned NNW, together 
with several major low-angle reverse faults (overthrusts) 
dipping west. In the western sector, faults are smaller 
but include low angle reverse faults dipping east. The 
Glandyfi Lineament is characterized by three major SSW 
strike faults trending along its length (BGS 1984). Euler 
deconvolution maps of Wales suggest that the Glandyfi 
Lineament and Ystwyth Fault both form major struc-
tures at depth and may form part of the major basement 
fault and fracture set in the region (McDonald 1992). 

Fig. 4 Topographic elevation and slope maps of the study area deri-
ved from the Ordnance Survey (OS) 50 m x 50 m Landform PANO-
RAMA DTM dataset, sourced from EDINA Digimap. The grid has 
a horizontal resolution of 50 m and a vertical resolution of typically 
less than 3 m. (a) Elevation map of north Ceredigion including the 
main geological features (b) Slope map of north Ceredigion. Marked 
profile lines refer to those shown in Fig. 7  
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Methods
Digital Elevation Models

This study uses the Ordnance Survey (OS) 50 m x 50 m 
Landform PANORAMATM DTM dataset, sourced from 
EDINA Digimap (Fig. 4a). This medium resolution DEM 
is regarded as an exhaustive database of onshore sur-
face elevations (Ringrose & Migo  1997). The grid has 
a horizontal resolution of 50 m and a vertical resolution 
of typically less than 3 m. Interrogation of the DEM was 
undertaken in ESRI ArcMap (vers. 9.0 & 9.1). 

 
Altitude-frequency histograms

In this study, the elevation value assigned to each 50 m 
x 50 m grid square was used to construct a series of 12 
altitude-frequency histograms for west-east orientated 
tracts of land with a width of 2 km. The tract orientation 
was chosen to reflect the overall slope of the landscape 
and is thus considered to be the most suitable for the 
elucidation of widespread sub-horizontal surfaces. The 
attributes of each tract, i.e. the value (m asl) and count 
(frequency), were exported to MS Excel and reclassified 
into class intervals of 10 m. Thereafter, the altitude-fre-
quency histograms for each tract were collated in Sig-
maPlot (vers. 2001) as a series of two-dimensional hori-
zontal bar charts. Where clusters of altitude-frequency 
occurred at approximately accordant elevations across 
two of more of the histograms, the possibility of a wide-
spread sub-horizontal surface was cross-referenced with 
computationally-derived geomorphic maps (e.g. Fig 4b) 
and the Ordnance Survey ExplorerTM 213 topographic 
map (Aberystwyth and Cwm Rheidol, 1:25,000).       

Individual profiles and the derivative serial profiles

All individual topographic profiles were constructed 
through the direct extraction of elevation data from the 
gridded topographic surface using the EZ Profiler 9.0.3 
program (Huang 2005) at regular intervals of 50 m along 
the profile line; hence every grid cell along the profile line is 
included in the topographic profile. Data were exported to 
MS Excel, and plotted in SigmaPlot (vers. 2001). From the 
initial individual topographic profiles, two types of serial 
profiling techniques were derived in Sigma Plot; superim-
posed profiles and the composite profile. The individual 
topographic profile was used within British denudation 
chronology to assist in the visualization, description, and 
explanation of relief (Monkhouse & Wilkinson 1952); 
rarely has it been used to emphasize the relationship 
between physiography and geological structure. Instead, 
proponents of British denudation chronology developed 
serial profiling techniques derived from individual topo-
graphic profiles with the aim of demonstrating widespread 
altitudinal accordance; this study uses superimposed and 
composite profiles. Superimposed profiles were developed 
to allow the comparison and correlation of individual pro-
file lines extracted at regular intervals through the assimi-

lation of each profile line into a single two-dimensional 
multiple line graph (Monkhouse & Wilkinson 1952). 
Where there is a marked convergence of individual pro-
file lines, a sub-horizontal surface may be indicated. If a 
widespread sub-horizontal surface is tilted, the uppermost 
and lowermost individual profiles in the superimposed 
sequence run parallel with no conspicuous convergence of 
profile lines between the uppermost and lowermost indi-
vidual profiles. Furthermore, if sub-horizontal surfaces are 
arranged in a stepped sequence, significant zones of steep-
ening should be observed between sub-horizontal features. 
The composite profile is constructed from the highest ele-
ments of the superimposed profiles to represent the over-
all surface of a given area of relief; it is considered to be a 
view in the horizontal plane of the summit-levels from an 
infinite distance (Monkhouse & Wilkinson 1952) enabling 
sub-horizontal surfaces and zones of significant steepen-
ing to be identified across the entire landscape unit. 

 

Results
Altitude-Frequency Histograms

A stepped sequence comprised of three main sub-hori-
zontal surfaces is demonstrated from the altitude-fre-
quency histograms (Fig. 5), here termed the coastal (81-
270 m asl), intermediate (221-440 m asl), and upland sur-
faces (431-540 m asl). The coastal surface ranges in eleva-
tion from a minimum of 81 m asl in Tracts 7 and 8 to a 
maximum of 270 m asl in Tract 2, and is readily observ-
able in all tracts. The intermediate surface identified 
between Tracts 5 to 12 inclusive and ranges in elevation 
from a minimum of 221 m asl in Tract 6 to a maximum 
of 440 m asl in Tract 12. The upland surface ranges in ele-
vation from a minimum of 431 m asl in Tract 1 to a maxi-
mum of 540 m asl in Tract 8; although a maximum of 570 
m asl may be justified in Tract 6. This surface appears to 
be generally sub-horizontal in character across the study 
region, although there is a slight decrease in overall eleva-
tion towards the south. Above the upland surface, all ele-
vations (> ca. 600 m asl) in Tracts 10 to 12 are part of the 
Pumlumon hill mass, and are not part of the upland sur-
face senso stricto. There is limited evidence from the data 
for a number of minor, intermediate surfaces that may 
correlate to one another, such as those in the north of the 
study area between Tracts 8 to 12. However, any potential 
inter-relationships between these subsidiary surfaces are 
too poorly constrained to be considered significant. 

The most striking aspect of this tripartite division is that 
the surfaces are tilted at different angles and in different 
orientations. The southward tilt of the upland surface 
broadly reflects that of the overall Anglo-Welsh land-
mass, but the southward tilt of the intermediate surface is 
conspicuously more pronounced than that of the upland 
surface. By contrast, the coastal surface has a pronounced 
northward tilt. However, in both the intermediate and 
coastal surfaces, the tilt is towards the direction in which 
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they become narrower. Moreover, the stepped sequence 
is not possible to classify on an altitudinal basis due to the 
considerable overlap in the elevation ranges ascribed to the 
component surfaces; this has not been shown in any previ-
ous study. Two previous studies have emphasized a tripartite 
division of the north Ceredigion landscape. Miller (1938) 
proposed sub-horizontal surfaces at 151-227, 272-330 and 
454-515 m asl and Brown (1950) proposed sub-horizontal 
surfaces at 151-211, 303-394 and 515-575 m asl. However, 
no direct correlation between the results presented here and 
those of earlier studies can be made due to the considerable 
altitudinal range demonstrated here. In the tripartite divi-
sion presented, every altitudinal value between 81 and 570 
m asl may be related to at least one sub-horizontal surface; 

consequently, the contention suggested by Challinor (1930) 
of a single concave feature cannot be fully accepted at this 
point. This possibility is addressed further through the use 
of topographic profiling techniques. 

 

Superimposed and composite profiles
From the analysis of superimposed profiles (Fig. 6), four 
potential sub-horizontal surfaces are recognized in the land-
scape of north Ceredigion. These are discussed from the 
lowest to highest with respect to elevation. The most con-
spicuous sub-horizontal feature identified in the superim-

Fig. 5 Location map of the altitude-frequency histogram tracts (top). Altitude frequency histograms for west to east tracts of land with a width 
of 2 km (bottom). 
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posed profiles is that of the coastal surface. At its maximum 
width, the surface extends from the coast to the 270000 east-
ing. The surface is marked on the graph between 140 and 
200 m asl, although these elevation figures are somewhat 
arbitrarily chosen, especially with regard to the lower limit, 
as it is difficult to demarcate the boundaries with certainty 
from the graph. A second sub-horizontal feature is shown 
between 260 and 280 m asl. This may be interpreted in one 
of four ways. First, it may represent a sub-horizontal sur-
face that is entirely independent of those surfaces below 
and above it. Second, the surface, which appears to be slop-
ing from east to west, may relate to the coastal surface in the 
area east of Mynydd Bach. Third, the surface may relate to 
the widespread intermediate surface that is observed in the 
altitude-frequency histogram in Tracts 5-12. Fourth, the 
surface may relate to both those above and below; it may 
then have formed part of a more widespread sloping feature 
that connected the two adjacent surfaces. After cross-ref-
erencing with the Ordnance Survey ExplorerTM 213 topo-
graphic map (Aberystwyth and Cwm Rheidol, 1:25,000) 
this surface appears to relate to the region around Ysbyty 
Ystwyth which, in the altitude-frequency histogram, was 
considered to be a potential intermediate surface in Tracts 
3 and 4; no widespread significance was attached to it. Here 
it is considered to represent a highly dissected southern out-
lier of the widespread intermediate surface seen in Tracts 
5 to 12. The composite profiles also show that the peak of 
Mynydd Bach cannot be related to the intermediate surface 
on altitudinal accordance alone. A third surface is suggested 
by an increase in altitudinal accordance between the 269500 
and 277000 eastings. Although this surface is marked on the 
graph between the 300 and 420 m asl, these boundaries are 
again somewhat arbitrary for the reasons outlined above. 
The superimposed profiles also appear to show that the 
relative relief is greatest in the western sector of the inter-
mediate surface, between the 275000 and 276000 eastings. 
A fourth sub-horizontal surface is suggested between the 

287000 and 283000 eastings by an increase in the altitudinal 
accordance of the superimposed profiles in that region. The 
surface is delimited on the graph between 500 and 560 m 
asl, although the lower limit is not considered fixed. Above 
600 m asl the profiles are associated with the region around 
the Pumlumon hill mass.  

The composite profile highlights many of the major facets 
of the north Ceredigion landscape. Those features observed 
are the widespread coastal and intermediate surfaces, the 
subsidiary intermediate surface, the apparently anomalous 
hills of Mynydd Bach and Pumlumon, and two zones of 
marked steepening. The composite profile does not show 
the upland sub-horizontal surface as the Pumlumon hill 
mass masks the feature. In order to characterize the shape 
of the topographic surface prior to widespread erosion, 
two theoretical solutions have additionally been placed on 
the graph that excludes the residual hills of Mynydd Bach 
and Pumlumon. One solution assumes that the landscape 
is derived from a stepped sequence, whilst the other solu-
tion assumes that the landscape is derived from a single 
concave surface; neither is assumed to be an accurate rep-
resentation of the initial land surface but they do illustrate 
a key point: in between the coastal and upland surfaces, 
the topography simultaneously allows for both solutions 
to be recognized. This apparent conflict is considered fur-
ther in the analyses of four individual topographic profiles 
in relation to the major regional structures.   

 

Interpretation of topography in relation 
to structure
Four individual topographic profiles, spaced 5 km apart, 
are analysed in relation to known faults and major geo-
logical structures (Fig. 7; for tract locations see Fig. 4b). 

Fig. 6 West to east superimposed profiles (thin contiguous lines) and composite profile (thick contiguous line) across the north Ceredigion study 
area. Four possible sub-horizontal surfaces are indicated by the stippled shading. Two solution surfaces (dashed and dotted lines) are included 
for reference in the results section.  
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Due to the intensity of folding and its disassociation with 
the observed topography, the position of fold structures 
has not been included in profile analysis unless they 
appear to provide a fundamental control on topographic 
evolution, such as the Teifi anticline. In addition, lithol-
ogy has not been incorporated onto the profiles as it is 
generally uniform throughout the study area. 

West-east profile A along the 288000 northing

Profile A confirms that the width and overall elevation of 
the coastal surface is significantly narrower and lower in 
the north of the study area, and only one small section is 
observed along this profile line. The Allt y Crib and Glandyfi 
Faults delineate the boundaries of the Glandyfi Lineament 
in this profile, and this structural feature is coincident with 
a considerable change in the overall topography. Four peaks 
occur in the profile between the Glandyfi Lineament and 
the Teifi anticline, and it is not possible to be certain as to 
their interrelationships. No upland surface exists along this 
profile; instead the summit of Pumlumon rises above the 
overall elevation of the upland surface.       

West-east profile B along the 283000 northing

Profile B shows two distinct regions of marked topo-
graphic accordance and one less well constrained surface, 

separated by two zones of steepening. The coastal surface 
is represented in three separate sections and is noticeably 
wider than that seen in Profile A. The Glandyfi Linea-
ment marks a distinct change in the topography, with the 
Camdwr Fault intersecting the lineament in this profile; 
this fault is not associated with any other marked topo-
graphic contrast along its length and is therefore not con-
sidered to have a primary role in topographic evolution. 
There is a steady rise in topographic gradient that may be 
continued to the peak of Banc Trawsnant; this may have 
initially formed part of a single slope. Accordant eleva-
tions are recognized that correlate with an intermediate 
surface. It has been postulated that a north-south flow-
ing proto-Teifi river would have exploited the Teifi anti-
cline (e.g. Brown 1960) before capture by the headward 
retreating Afon Rheidol, which presently follows the 
anticlinal structure. The upland surface is recognized in 
the profile as a series of three accordant features promi-
nent above deeply incised valleys.     

 
West-east profile C along the 278000 northing           

Profile C shows three distinct regions of marked topo-
graphic accordance, separated by two zones of steepen-
ing. The coastal surface is represented in three separate 
sections due to local dissection. No association can be 
made between surface faults and the topographic profile. 

Fig. 7 Four individual topographic profiles across the study region. 
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The Glandyfi Lineament marks the eastern edge of the 
coastal surface. A distinct step in the topography sepa-
rates the coastal surface from an adjacent region of altitu-
dinal accordance, the intermediate surface. This surface is 
deeply incised by the Afon Rheidol along this profile. To 
the east, the Teifi anticline is being exploited by the Afon 
Rheidol, with no intermediate surfaces found to the east 
of the Teifi anticline. The upland surface forms a wide-
spread feature along this profile.

West-east profile D along the 273000 northing

Three distinct surfaces can be observed in Profile D, sep-
arated by two notable zones of steepening. The coastal 
surface forms a wide feature in the landscape. It is cut 
by a number of minor faults including the Carreg Val-
ley Fault, but none are seen to have a pronounced sur-
face expression. The eastern margin of the coastal surface 
is proximal to, but not coincidental with, the Glandyfi 
Lineament. There is then a marked change in elevation 
that is coincident with an unnamed fault. Thereafter the 
intermediate surface forms a further distinctive step in 
the landscape. The eastern margin of this surface is termi-
nated by the Teifi anticline. A further topographic mini-
mum is correlated to the Ystwyth Fault, where the Afon 
Ystwyth has exploited the course of this structure. The 
second marked change in elevation leads to the south-
ern section of the upland surface, and this is a prominent 
sub-horizontal feature in the profile.    

In summary, two conclusions can be drawn from the indi-
vidual topographic profiles. First, the eastern margin of the 
sub-horizontal coastal surface is generally concurrent with 
the Glandyfi Lineament. Second, the Teifi anticline marks a 
distinctive boundary between the intermediate and upland 
surfaces. These two structures are considered fundamental 
to the landform morphogenesis of the region.

 

Discussion
Methods of landform analysis

Although altitude-frequency histograms have been used 
to elucidate geomorphic characteristics since Baulig 
(1935), the advent of the digital gridded topographic 
dataset has given far greater accuracy to the recorded 
data than had been previously possible. However, diffi-
culties still exist with regard to data interpretation due to 
the complexity of the physical landscape. For example, it 
has not thus far proved possible to correlate statistically 
altitudinal peaks in the histograms between the different 
tracts; of course, any statistical correlation may only add 
artificial objectivity to the interpretation that cannot be 
substantiated in the landscape. Therefore, cross-referenc-
ing altitudinal peaks in the histogram with topographic 
maps and correlating peaks between the different tracts 
remains the most suitable method of data interpretation, 

and this method was used by Ringrose & Migo  (1997).   
Most studies of long-term landscape morphogenesis in 
the Welsh region that have used topographic profiling as 
a fundamental research tool have failed to relate physiog-
raphy and geological structure, despite it being clearly the 
most appropriate method with which to emphasize such 
relationships. Instead, individual profiles have usually 
been assimilated into various derivatives with the purpose 
of demonstrating marked altitudinal accordance. The 
superimposed profiles are not able to define the number 
or form of sub-horizontal surfaces in the study area with 
any degree of certainty, largely because there is little way 
of discriminating between different physiographic fea-
tures (e.g. sub-horizontal surface or upland valley bot-
tom) within such a welter of profile lines. The composite 
profile is not able to define sub-horizontal surfaces in the 
study area with certainty because of the disproportional 
influence that isolated hill masses have over the shape of 
the overall profile line; for example the Pumlumon mass 
entirely masks the upland sub-horizontal surface. Conse-
quently, it is suggested that an alternative approach would 
be that adopted in a number of studies of Scandinavian 
landscape morphogenesis that stress the importance of 
topographic profiling using a ‘tract’ approach (e.g. Lid-
mar-Bergstrom 1988; Fjellanger & Etzelmüller 2003; 
Bonow 2005). These studies have preferred to investigate 
the topographic properties (i.e. minimum, mean and 
maximum elevation) of a given area in preference to rely-
ing on the interpretation of a single line, whether alone or 
in series. This approach has the considerable advantage of 
not obscuring the salient landscape features within a mass 
of local detail, especially important in areas where dissec-
tion has been considerable. 

 

North Ceredigion in a regional geo-
morphological and geological context
Since the 1980s, growing appreciation of the impor-
tance of inherited landscape features to studies of land-
form morphogenesis has considerably aided geomorphic 
reconstructions in Britain (e.g. Jones 1980, 1999; Small 
1980; Hall 1991). In Wales, inherited surficial sediments 
and in situ deep palaeoweathering profiles have been 
described by Greenly (1919), Ball (1964) and Battiau-
Queney (1980, 1984); karstic solution subsidence phe-
nomena have been described by Morawiecka et al. (1996) 
and Walsh et al. (1996); and relict landforms such as tors, 
inselbergs and pediments have been described by Bat-
tiau-Queney (1980, 1987). The available data regarding 
inherited features in the Welsh landscape have been col-
lated and mapped (Fig. 8). Unfortunately, none of these 
sites occur in north Ceredigion and the nearby example 
of ferruginization at Llanidloes, noted by Jones (1961), 
has never been investigated in detail. The absence of 
inherited features in this area may be explained by the 
dominant lithologies; it is rare to find weathering profiles 
present in mudstones or shales. Exceptionally, a 30-50 
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cm weathering profile may form, comprised of a 70-90 
% clay/silt fraction that is easily removed by active slope 
processes (Battiau-Queney, 1980, pers. comm., 2006). 
The implications of this growth in understanding allow 
particular inferences regarding Welsh landscape mor-
phogenesis to be made with greater certainty than previ-
ously possible. For example, palynological evidence from 
the Trwyn-y-Parc karstic solution subsidence complex 
in Anglesey (Morawiecka et al. 1996; Walsh et al. 1996) 
and from the Flimston Basin in Pembrokeshire (Dixon 
1921; Jenkins et al. 1995), suggest that both these sub-
horizontal coastal surfaces, the “Menaian Platform” of 
Anglesey and the “Castlemartin-Bosherton Platform” of 
Pembrokeshire, were in existence by end-Miocene and 
were formed under terrestrial conditions (for a thor-
ough review, see Walsh et al. 1999). This demonstrates 
that it is no longer possible to sustain the traditionally-
held view in British geomorphology (e.g. Brown 1960; 
George 1974) that suggests the sub-horizontal surfaces 
close to present-day sea level around Wales were either 
(i) formed by marine abrasion, or (ii) are of Pleistocene 
or Pliocene age. It has recently been suggested that the 
“Menaian Platform” of Anglesey and the “Castlemartin-

Bosherton Platform” of Pembrokeshire were part of a 
single macro-landform of terrestrial origin (Walsh et al. 
1996) and that this widespread feature would have also 
included the proved Miocene surfaces of Brittany (Lar-
sonneur 1972), Cornwall (Walsh et al. 1987), and Ireland 
(see Coxon & Coxon 1997). The development of this sur-
face would have been terminated by renewed post mid-
Miocene crustal movement (Walsh et al. 1996). Here, it is 
supposed that the sub-horizontal coastal surface in north 
Ceredigion was formed contemporaneously and by iden-
tical processes; thus it is considered to be of terrestrial 
origin and fully formed by end-Miocene. 

By contrast, almost nothing is known regarding the 
morphogenesis of any upland sub-horizontal surfaces 
in Wales due to the lack of correlative deposits in such 
areas; thus evidence comes from morphology only. Two 
possible hypotheses pertinent to the development of such 
surfaces are forwarded here. The first is underpinned 
by traditional British denudation chronology theory, 
which suggests that if the Welsh massif has undergone 
discontinuous tectonic uplift since Variscan (Hercyn-
ian) tectonic movements, any sub-horizontal surface 

Fig. 8 Summary 
map of the inhe-
rited landscape 
features in Wales. 
Data collated from 
Greenly (1919), 
Ball (1964), Bat-
tiau-Queney (1980, 
1984, 1987), Walsh 
(1999, 2001) and 
references therein. 
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at elevations greater than approximately 100-150 m asl 
must be appreciably older than the Miocene. However, 
attempting to date the upper surfaces will remain futile 
until it is possible to accurately constrain their age. The 
second possibility is underpinned by a mobilist approach 
to the evolutionary geomorphology of western Britain 
(e.g. Reffay 1972; Battiau-Queney 1980; Coque-Del-
huille 1987). Within this framework, uplift of the Welsh 
massif is thought to be far more recent than assumed 
by British geomorphologists, with morphogenesis con-
trolled by block tectonic movements. Consequently it 
would be possible to suggest that the upland surface of 
north Ceredigion is coeval with the coastal surface and, 
implicitly, the upland surface may be contemporaneous 
to the “Menaian” and “Castlemartin-Bosherton Platform” 
sub-horizontal surfaces of Anglesey and Pembrokeshire. 
If this were the case, it would be intrinsically futile to 
attempt a reconstruction of a widespread ‘staircase’ sys-
tem for Wales as required by conventional British denu-
dation chronology theory.

Efforts to reconstruct the tectonic, geological and pal-
aeogeomorphic history of the Welsh region during the 
Mesozoic and Cenozoic were largely speculative until the 
1970s due to the general absence of onshore post-Silu-
rian lithologies; thus the timing and magnitude of uplift 
and erosion events has been poorly constrained. Since 
then, data derived from deep seismic reflection profil-
ing (e.g. Brewer et al. 1983; Matthews & BIRPS Group; 
1990; Blundell 1990) in the adjacent offshore basins 
have demonstrated continuing and long-term instability 
within, and between, sedimentary depocentres. As high-
lighted by Walsh (2001), this is fundamentally irrecon-
cilable with the long-held belief in British geomorphol-
ogy that assumed widespread tectonic stability within, 
and between, the sediment-supplying massifs and the 
sediment-accumulating basins. Greater appreciation of 
regional continental deformation during the Mesozoic 
and Cenozoic has developed over the past thirty years 
(e.g. Muir Wood 1989).  Presently, highly significant 
data are now being obtained from the Irish Sea basins 
through the application of apatite fission track analysis 
(ATFA) and vitrinite reflectance (VR) data (Fig. 9; for a 
thorough review, see Holford et al. 2005b). Furthermore, 
this geophysical research is looking increasingly toward 
basin margins for new data and AFTA ages are being 
assimilated from onshore Wales for the first time (Green 
et al. 2006). These fundamental advances must be incor-
porated into any coherent synthesis regarding the evo-
lutionary geomorphology of the region. The following 
review focuses primarily on published studies of Ceno-
zoic deformation in the region as this timescale is more 
applicable to studies of landscape morphogenesis.     

Valuable data are recorded from the Cardigan Bay Basin 
and onshore north Wales (Holford et al. 2005a, 2005b; 
Green et al. 2006) in the region bounded by the Menai 
Strait Fault System to the northwest and the Bala Fault 
to the southeast. Data from onshore north Wales sug-

gests that the main phase of uplift and erosion occurred 
during Triassic-early Jurassic times (230-185 Ma) in this 
region (Green et al. 2006). Thermal history data from the 
offshore Irish Sea basins show no evidence for a similarly 
timed period of cooling (Green et al. 1997; Holford et al. 
2005b). This phase is explained as a response to footwall 
uplift around the margins of a subsiding Cardigan Bay 
Basin (Holford et al. 2005b) and is indicative of active 
block tectonics in the region. In the Cardigan Bay Basin, 
an early Cretaceous episode (120-115 Ma) of uplift and 
erosion removed up to 3 km of mid-Jurassic to early Cre-
taceous sediments (Holford et al. 2005b). This coincides 
temporally with a number of important rifting events 
along the incipient NE Atlantic margin (Doré et al. 1999) 
suggesting a causal link between events (Holford et al. 
2005b). During the Palaeogene there is strong evidence 
to suggest the approximately southeasterly Anglo-Welsh 
regional tilt developed (Cope 1994) and this period 
is often regarded as the most important phase of post-
Palaeozoic uplift to have affected the region (e.g. Gib-
bard & Lewin 2003). However AFTA data do not reveal 
direct evidence for significant uplift and erosion dur-
ing late Cretaceous-Palaeogene in either the onshore or 
offshore areas, although these data do suggest onshore 
north Wales experienced km-scale uplift and erosion 
at an unresolved time during the Cenozoic (Holford 
et al. 2005b). Muir Wood (1989) identifies two periods 
of continental deformation which affected the Welsh 
region during the Cenozoic. The first period occurred 
between 30-25 Ma due to a proposed late Oligocene sub-
plate boundary that connected the back-arc basins of 
the western Mediterranean with the northern Atlantic 
spreading ridge that passed through the Irish Sea region. 
This period saw the initiation and rapid deepening of a 
number of onshore lacustrine or fluvio-lacustrine sedi-
mentary basins throughout western Britain that devel-
oped along a zone of lithospheric weakness developed 
in the Palaeocene immediately prior to the formation 
of the North Atlantic rift (Muir Wood 1989). Age dates 
from Tremadoc Bay (Dobson & Whittington 1987) and 
Flimston, Pembrokeshire, (Jenkins et al. 1995) tie with 
the regional pattern of rapid late-Oligocene sediment 
accumulation. At Mochras, 525 m of Cenozoic sedi-
ments have been proved (Wood & Woodland 1968) to lie 
uncomfortably on Liassic deposits. Deposition occurred 
under shallow water conditions (Edwards 1976) with 
contemporaneous fault movement ensuring that sedi-
mentation was equal to subsidence (Murray 1992). It was 
during the Oligocene that rapid mountain building was 
postulated to have started in northwest Wales (Greenly 
1938), a view more recently echoed by Battiau-Queney 
(1984). The second period of continental deformation 
occurred during the late-Miocene, approximately 6 Ma. 
Muir Wood (1989) attributes this period of deforma-
tion to a sub-plate boundary that passed from the West-
ern Alps to the northern Atlantic spreading ridge. This 
compressional zone included the majority of southern 
and western Britain. Due to the widespread uplift that 
characterized the Miocene, it is the most poorly repre-
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sented Cenozoic epoch. However, new data from the Irish 
Sea suggests that in the Cardigan Bay Basin this episode 
led to the uplift and erosion of approximately 1.5 km of 
section that Holford et al. (2005a) postulate to be of post-
early Miocene age. Compressional deformation played an 
important role in this Miocene episode with localized tec-
tonic shortening superimposed on the regional pattern of 
Neogene uplift observed in many Atlantic margin settings 
(e.g. Thompson et al. 1999; Japsen et al. 2002, 2006).  

In summary, these studies clearly indicate that the Irish 
Sea region, including onshore Wales, has experienced a 
complex multi-phase history of uplift and erosion dur-
ing Mesozoic and Cenozoic times (Fig. 9). Consequently, 
the traditionally-held geomorphological view of ubiqui-
tous, uniformly-paced, epeirogenic crustal evolution in 
Wales during the Neogene is unsustainable. The spatially 
restricted nature of results obtained from the Irish Sea 
basins and onshore north Wales is suggestive of major 
heterogeneities in the pattern of regional uplift and ero-
sion. This is highly significant for studies of long-term 
landscape evolution in the region. By demonstrating the 
non-uniformity of uplift and erosion episodes across the 
Irish Sea region, these studies lend credence to the criti-
cal parallel geomorphic concepts of structural compart-
mentalization (Jones 1999) and morphotectonic equilib-

rium (Battiau-Queney 1999) as it may be expected that 
similar, spatially restricted crustal movements occur in 
the onshore area.

 

A model of landform evolution in north 
Ceredigion
A three stage model is presented that aims to provide an 
explanation of the main geomorphic features of north 
Ceredigion (Fig. 10). Although forming only a work-
ing hypothesis, it is the first model to consider the evo-
lutionary geomorphology of the study area since that of 
Brown (1950). The model is underpinned by a mobilist 
approach to landform development. This framework is 
used in preference to one that emphasizes British denu-
dation chronology for two reasons. First, it is more suited 
to succinctly account for the main features of the north 
Ceredigion landscape. Second, as many models already 
exist that emphasize the traditionally-held perspective, 
this is presented as an alternative explanation of the 
observed landscape.   

The principle geomorphic features of the north Ceredi-
gion landscape are:

Fig. 9 Summary of map 
of the main periods of 
uplift and erosion that 
have affected the Welsh 
region as derived from 
AFTA and VR studies 
(redrawn with permis-
sion from Holford et al. 
2005b). Compartmen-
talization of the crust 
is controlled by crustal-
scale lineaments, and 
the reactivation of these 
structures has influenced 
the pattern of uplift and 
erosion in the region.    
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• The widespread sub-horizontal coastal surface 
• A zone of steepening that is spatially coincident to the 

Glandyfi Lineament 
• A widespread sub-horizontal intermediate surface 
• A zone of steeping that is spatially coincident to the 

Teifi anticline and the proto-Teifi river 
• The widespread sub-horizontal upland surface 
• The apparently anomalous summits of Mynydd Bach 

and Pumlumon 

Battiau-Queney (1984) cites a number of examples, based 
on field evidence, of major escarpments in the Welsh 
landscape formed through lithospheric flexure and/or 
differential fault movements during the Cenozoic. From 
the data presented in this paper, the Glandyfi Lineament 
is considered to be the primary structural control in the 

geomorphological development of the region despite its 
negligible surface expression. Here we propose that the 
altitudinal contrast between the lowland and upland sur-
faces is due to the differential response of the Glandyfi 
Lineament to such Cenozoic tectonic events.   

Stage One

· The Welsh region undergoes a period of rapid uplift 
focused on the area between the Menai Strait Fault 
System and the Bala Fault, which forms the overall 
north-west to south-east tilt observed in the Anglo-
Welsh region at the present-day. This episode is ten-
tatively linked to the 30-25 Ma episode of continental 
deformation described by Muir Wood (1989) and the 

Fig. 10 A model of the 
evolutionary geomorp-
hology of north Cere-
digion (see text for fur-
ther explanation).
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temporally accordant episode of mountain building in 
Snowdonia (Greenly 1938; Battiau-Queney 1984).

· At this time, a proto-Teifi river followed an approxi-
mately north to south course. The river may pre-date 
or be coeval with the uplift. If it pre-dates uplift, the 
river may already be adapted to geological structure. 
Alternatively, if the river was initiated upon uplift it 
would only now be beginning to exploit the course of 
the Teifi anticline.      

· Uplift in the study area is controlled by lithospheric 
flexure. In north Ceredigion the hinge-line structure 
is the Glandyfi Lineament. Minimal uplift occurred to 
the west of that structure.

Stage Two

· A slope is formed between the upland and lowland 
regions to the east of the Glandyfi Lineament formed 
through lithospheric flexure and/or differential fault 
movements, and this gives the observed concave slope 
profile. The course of the proto-Teifi runs parallel to 
the western edge of the uplifted zone; the river does 
not change course because it is adjusted to the geologi-
cal structure.  

· The proto-Teifi river continues to incise towards a new 
base-level to the south of the study area as uplift slows. 
As the river incises, the western interfluve is always 
lower in elevation than its eastern counterpart because 
of the initial position of the river above the main slope,    

· As the uplifted slope is controlled by a deep crustal 
structure, it is undergoing constant rejuvenation and 
therefore relatively unaffected by slope retreat. 

 

Stage Three

· The overall downwearing of topography ensures that 
the upland and coastal surfaces retain their sub-hori-
zontal characteristics. Downwearing of the western 
interfluve of the proto-Teifi river leads to the progres-
sive flattening of the feature, until it becomes more 
readily identifiable as a sub-horizontal surface, i.e. the 
intermediate surface. Thus the landscape takes on a 
stepped appearance. 

· In the region of the Pumlumon anticline and Mynydd 
Bach syncline, downwearing has exposed the more 
resistant Ordovician lithologies. Pumlumon and 
Mynydd Bach are therefore believed to have formed as 
a residual hill above the upland surface. 

· Headward fluvial erosion of the escarpment leads to 
the formation of a number of sub-parallel streams that 
flow from east to west. These streams have successively 
captured sections of the proto-Teifi river and caused 
significant drainage reconfiguration. In addition, selec-
tive glacial erosion has widened a number of valley 
floors, leading to extensive destruction of the coastal 
surface in the northern part of the study area. 

 

Conclusions
This study presents independent geomorphological evi-
dence for three sub-horizontal surfaces at between 51-
280, 221-440 and 400-540 m asl in north Ceredigion 
from morphometric analyses of a DEM dataset. These 
surfaces, it is proposed, have developed from an initial 
single concave slope developed as a consequence of at 
least one pan-Wales uplift event, but because of the lim-
ited spatial extent of the study area it is not possible to use 
the landscape record as a proxy with which to determine 
the number and magnitude of any such uplift events; a 
regional study would be better suited to achieve that 
objective. The most striking aspect of this tripartite divi-
sion is that the sub-horizontal surfaces are tilted at differ-
ent angles and in different orientations. The southward 
tilt of the upland surface broadly reflects that of the over-
all Anglo-Welsh landmass and could be anticipated. The 
conspicuously more pronounced southward tilt of the 
intermediate surface is assumed to reflect the decreasing 
width of the surface from the north towards the south; 
thus the surface lowers more rapidly in the direction it 
becomes narrower. Using the same rationale, the coastal 
surface has assumed a northward tilt that reflects the 
decreasing width of the surface from the south towards 
the north. As such, this is a tentative reversion to Challi-
nor (1930), where it was suggested that altitudinal accor-
dance could be produced by the uniform distribution of 
erosional forces and equal stream spacing.

That a single concave surface could develop into a tri-
partite feature is explored through the presentation of 
a model of landform morphogenesis for the study area 
based on the integration of the evidence presented here 
with disparate lines of evidence provided from other 
associated earth science disciplines. AFTA and VR are 
able to constrain better the timing of uplift events in 
studies of long-term landscape evolution, but the land-
scape record provides reliable and detailed informa-
tion regarding the magnitude and spatial extent of such 
events. A well constrained landscape record allows stud-
ies of long-term landscape evolution to be valuable across 
a range of associated earth science disciplines. It is criti-
cal that proponents of long-term landscape evolution are 
both aware of developments in associated subject areas, 
and are prepared to use their own independent conclu-
sions as a tool with which to assess the conclusions of 
these associated studies.
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