
LANDFORM

Landform has been basic to the study of €eomorpholoÉy since the /ate
79th century, and form component definition evolved as a central Concept
until the second half of the 2oth century when remote sensin€, G/s, DEMS
and Éeomorphometry allowed more riEorous quantitative procedures,
althouÉh this also involved a review of first principles. Land form, as land
shape, may have received more attention than landforms, involving their
genesis, and awareness of natural kinds remlnds us how both are depend-
ent upon human perception,

The word geomorphology means to write about (Greek logos) the shape
or íorm |morphe) of the Earth (ge), so that the simplest definition of
tl-re discipline is the scientific study of landforms. Every scientific disci-
pline has a central focus and for geomorphology the landforn is so cen-
tral to the discipline that many geomorphology books do not define it!
Landforms have been portrayed as natural features of the Earth's suríace,
as discrete geomorphologicaI units defined by surface form and Iocation
in the landscape, or as part of continuous or multi-faceted terrain. Thus
identified, units or elements may be categorized by characteristic physical
attfjbutes such as shape, elevation, slope, orientation, stratification, rock
exposure, and soil type, and they can range from large-scale featutes such
as plateaus to small,scale features such as fans. Each landform on the
suríace of the Earth occupies a pafticular scale in space and time, as with
Alrnert's (1981) illustration developed in a different way in Figure 4.1
lvith a hierarchical classification shown in Table 4.1,

Although the Preface of Volume 1, oí The History of the Study of
Landforms (Chorley et aI., 1964: xi) states that'After about 1860 the
study of landforms became part of both geology and physical geography
and was later known as physiography or geomorphology', it is not easy
to discover exactly when landlbrm types first became basic for the science
oí geomorphology, Baron Ferdinand von Richthofen (1833-1905), who
trained in geology and geography at Breslau (now §7roclaw), in 1886
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Figure 4.1 Landforms in relatiOn to space and time

Tablě 4.1 Hierarchical classification of geomoťphological features (time

and space scales aíe approximate; developed írom chorley et al. (1984) and
Baker (1986): http://geoinfo.amu,edu,pl/wpk/geos/geo_1/GEO_cHAPTER_1.
HTML)
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published what rnay have been the fust systematic textbook of mod-
ern geomorphology (Fairbridge, 1999). Lanáíorms gradually became
assimilated into the scientific literature (Table 4.2) on the land surface
of the Earth (Gregory,2010), notably in the course of exploration of
the American '§řest and through the contributions of §7illiam Morris
Davis (1850-1934) that formalized the importance of the landform as a
genetic entity (Davis, 1900: 158).

Landforms provide the building blocks of landscapes (4.1), whether
as genetically defined entities, or as surface form units. This involves
classification, additional concepts such as associations and hierarchies
|4.2|, and a variety of different perceptions (4.3).

4.1 Building blocks of landscape

How do we identify and describe the basic component of the Earth's
surface, analogous to the way that pedologists recognize the soil profile
and ecologists distinguish the habitat? Language includes words for par-
ticular Earth surface features. English nouns such as mountains, plains,
valleys and plateaux have equivalents in other languages, but some lan-
guages include words for Earth surface characteristics ofthe environment
distinctive to their particular countťy, so that a language of place (Mead,
1953) reflects how some vocabularies have unique words for particular
features. In Russian there are words for types of valley, Iike balki, which
cannot easily be translated into English; many descriptive words have
become used for landforms in the way that corrie, cirque or the '§řelsh

word cwm for armchair-shaped hollows have become accepted as fea-
tures oí glacially eroded landscapes, and tors are landforms found in
periglacial and tropical regions. Many of the words used for landíorms
have become technically underpinned (Table 4.3); many others, such as
valleys and hills, are common usages and are not precisely defined.

'Words are not sufficient so that mappin8, profiling and now three-
dimensional visualizations have been employed to show the character
and extent of landforms. Two approaches have been used: a morphologi-
cal approach concerned with land form, and a g€netic approach recog-
nizing landforming. Although the Eartht land surface may be regarded
as one continuously variable interface, it is usually recognized that this
encompasses patches or overlapping palimpsests of elements that may be
in sets or sequences or of different origin (glacial, fluvial, etc.). A com-
mon approach has also been to identifu the smallest units that can be
recognized, the undivided flat or slope, given that all land surfaces are
composed of a jigsaw of such morphological units (Linton, 1951). Such
units of relieí thát Linton (1951) characterized as the electrons and pro-
tons of which physical landscapes are built have much in common with
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the'site', originally described as'an area, which appears for all practical
purposes to provide throughout íts extent similar conclitions as to climate,
pl-rysiography, geology, soil' (Bourne, 1931). Landforms are composed oí
such morphological units, which may then combine to make larger-scale
entities. §íhen morphological units were first recognized, electrons and
protons Were thought to be the basic units of matter, but as with matter
morphological units can now be subdivided into smaller constituents - the
particle, or the pixel. The pixel, a term contráction from'picture element',
is the basic unit in a grid of pixels or raster as used early irr television
but now applied widely to imagery compilation. For landíorms, we n]ay
see aIluvia] phenomena tange upwards in scale from individual particles
througlr landform units (such as levees) to alluvial complexes or ensembles
sometimes characterized as al]uvial 'architecture' (Lewin and Ashworth,
2013). Landlbrms therefofe encoírpass a gleat range of spatial scales
from the undivided continent to the minrrtest slope element on tlre Eartht
suríace (Figure 4.1, Table 4.1).

Morphological maps cán be produced to show the distribr"rtion of
slopes, defining the land surface in terrns of basic flats and slopes (though
at a scale lalger than rock or soil particles). Such mapping schemes, effec-
tively slope maps, are useful because areas oí slope of particular angles
can re]ate directly to land use practices, to the angles at whiclr agricul-
tural inplenrents can operate, or to the slope angles at which mass move-
ments occut Mapping basic morphological components of the Earth's
surface required many hours of field work (e.g., Figure 4.2) but two
major developments have revolutionized the depiction of the form oí
the land: remote sensing and geographical information systems (GIS).
Technological developments enabled dramatic progress and the availabil-
ity of new data sources providing greater spatial resolution has allowed
new insights and rapid mapping to be períormed, organized after the
1960s within the framework of a Geographic Information Systems (GIS)
defined as the collection, analysis, stolage and display of data spattally
reíerenced to the surface of the Earth. There is clearly a family relation-
ship with pixelated imagery, but it also allows the identification of pat-
terns and relationships between phenomena and processes (Oguchi ar-rd
'§7asklewicz, 2011). For exanrple, numerical land classifications based on
1-km grid squares can combine many áspects of environmental chalacter
without being use-specific, Digital Elevation Models (DEMs), for larger
or smaller scale resolution, can now be used to model the shape oí the
land surface and are integral parts of GIS (Figure 4.3). Rather than decid-
ing scales or the identity of landform types (like moraines or point bars)
a priori, spatial resolution may be set numerically by permitted pixel or
sampling grid size. Experimentation to decide on the applopriate resolu-
tion for particular purposes is possible. A digital data framework for the
organization of spatial data and the co-registration of data into a single
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geodetic reference system have both been very significant, and the avail-
ability of DEMs has been at the forefront of much recent research (Smith
and Pain, 2009). 'Whilst DEMs have been generated from contours and
aerial photos Íor some time, the advent of routine space-based data col-
lection through photogrammetric processing using dedicated íore/aft sen-
sors (e,g., SPOT 5, ASTER) and interferometric synthetic apelture radar
(InSAR; Rosen et al,,2000) has enabled great progress to be made, The
move towards DEMs oí higher spatia\ resolutions and vertical accura-
cies, together with the advent of Light Detection and Ranging (LiDAR),
has given use{ul results for a whole range of landíorm studies, Further
developments can be achieved by intefactive 3D visualizatíon based upon
multiple elevation surfaces with cutting planes used to analyse landscape
structure based on multiple íeturn (LiDAR) data. Multiple surfaces and
3D animations can introduce novel concepts for visual analysis of terrain
models derived from time-series of LiDAR data using multi-year core and
envelope surfaces (Mitasova et a|.,2012).

In addition, sínce 1994 the advent oí Global Positioning Systems
(GPS) has enabled the determination of a specific location anl-where on
the surface of the Earth, employing a návigation system with a constella-
tion of 24 orbiting satellites, facilitating a revolution in the identification
of landform global location,

Although the identification of genetic landform types requires an expc-
rienced observer, there have been attempts to develop automated and
semi-automated techniques for landform identification or feature extrac-
tion evolving to a research area of geomorphometry, or quántitative land
surface analysis (Oguchi and Vl'asklewicz, 2011). Geomorphometry is
the science of quantitative land-surface analysis, with a dedicated inter-
national society (Box 4.1). Progress in geomorphometry has included
consideration of what landform actually is (Evans, 2012) and of how the
land surface can be defined from an overabuldance of data. Addressing
operational definitions, a hierarchical taxonomy of fundamental geo-
morphometric variables has been proposed (Evans and Minar,2011)
composed of field variables and object variables (Table 4.4). New ways
oí characterízing the land surface require developing novel methods for
the classification and mapping oí landform elements from a DEM based
on the plinciple of pattern recognition rather than differential geometry.
One approach is the concept of geomorphon (geomorphologic phono-
rypes) (Jasiewicz and Stepinski, 2O1,3), a relief-invariant, orientation-
invariant, and size-flexible abstracted elementary unit of terrain. This is
expressed in terms of local ternary pátteťn that encapsulates morphol-
ogy of surface around the point of interest. Geomorphons enable terrain
analysis without resorting to differential geometry, and a collection of
498 different geomorphons constitutes a comprehensive and exhaustive
set of all possible morphological terrain types (Stepinski and Jasiewicz,
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2011). This can give a general-purpose geomorphometric map by gen-
eralizing all geomorphons to a small number of the most common land-
form elements. Such maps are suggested to be a valuable new íesource
for both manual and automated geonorplrometric analyses (Jasiewicz
and Stepinski, 2013).

Geomorphometry and geoinformatics (Box 4.2) now permit the pro-
duction of morphological maps very rapidly and accurately using con-
sistent criteria. Criteria definitions are required, but sufficient recourse
to the knowledge gained from earlier, field-based literature is also
needed. There is some similarity here to approaches to plant classifica-
tion in biology - initially morphological and based on appearances, but
increasingly involving genetics as a means towards understanding the
underlying structures to life forms. An interestin8 contrast with older
'geomorphological maps' that plot the distribution of genetic landform
types, such as moraines or point bar ridges and swáles, is that there are
no blank areas left between such mapped ur-rits. Genetically speaking,
glacial, fluvial and aeolian landscapes can often be 'feature-free' sloping
terrains of sedimentary and rock surfaces even though they have been
produced in such process domains, as well as having sets of defined
forms such as barchan dunes or U-shaped valleys.

Morphological maps in themselves may not reflect the origin of the
surface unless a unique form signature can be determined. The alterna-
tive genetic approach usually characterizes surface morphology, together
with landform origin, dates for each section of the land srrrface, and indi-
cations of rock types, sediments and soils beneath the suríace. These are
important diagnostic tools in process studies. Not al1 requiremer-lts may
be acl-rieved in a single map, and academic papers commonly have maps
and sectjons showing keyed elements to suit their own diagnostic pur-
poses. General geomorphological maps produced in particular countries
have also had their own emphases. In one oí the most successful schemes
in Poland, maps were produced at the scale of 1:50,000, Enthusiasm
for general geomorphological maps has been limited, because their pro-
duction, certainly for whole countries, has been prohibitively expensive
with constánt revision and updating required. Recently the advent of
remote sensing sources has enabled a renaissance of geomorphological
mapping (Smith and Pain,2011) surveying remote regions, in greater
(topographic) detail, over increasingly smaller time periods, accompa-
nied by the emergence of aerial and terrestrial datasets enabling new
applications. These may be very iníoímation-rich, but requife interpleta-
tion skills and procedures to inteípret them.

Taken altogether, with the availability of new tools such as satellite
imagern global positioning systems, digital elevation models and GIS, it
has been possible to have a more effective approach to the acquisition,
storage and display of geomorphological features. Geomorphologists can
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produce geomorphological models, consisting of land surface'objects',
organized into hierarchically arranged classes with spatially variable
píoperties and geometric relationships (Dramis et al.,2011). Specific
developments continue to be made. The geomorphons noted above were
used for a 30x30 m cell geomorphometlic map generated for Polar-rd
(Jasiewicz and Stepinski,2013). Elementary forms or land elements can
be grouped together into functional regions (landforms) sucli as'hill
sheds' (Evans, 2.01,2)- A so-calied InterIMAGE interpretation stlategy
proved to be effective for the extraction of landforms (Camargo et al.,
2012), By constructing a new legend at a scale of 1:10,000, combining
symbols for hydrography, morphometry/morphographn lithology and
structure with colour variations for process/genesis and geologic age, it
has been possible to produce a 'geomorphological alphabet' (Gustavsson
et al.,2006) that can be used to portray landscape configuration and
illustrate the reconstruction of its temporal development.

Recognizing that geonorphological rnapping plays an essential role in
understanding Earth surface pIocesses, geochronology, natural resouIces,
r-ratural hazards and landscape evolution, new spatio-temporal data and
geo-computational approaches now allow Earth scientists to go far
beyond traditional and subjecrive mapping. permitring a quanrirative
characterization oí landscape morphology and the integration of varied
landscape thematic information that extends beyond pure form (Bishop
et aI.,2012). Consequently recent progress in landform identification
using new sources and techniques prompted a suggestion (Smith and
Pain, 2011) that geomorphology really is an 'interface' discipline - not
just physically, in the sense of studying the Earth's land-air or land-water
surface, but also berween pure and applied sciences that seek to derive
greater benefit írom integrating Earth's surface processes and landforms
into their analyses. Geomorphology can be a necessary key integrating
discipline for the geosciences, analogous to geological mapping as a key
underpinning resource for societal development.

4.2 classiíication, hierarchies and associated
cOncepts

Since landforms were first systematically identified (Table 4.1), clas-
sifications have been necessaly, augmented from geomorphometry,
remote sensing and G]S, all enabling relationships of landforms to be
analysed, and their association with othel concepts understood. The six
major ways of classifying landforms (Table 4.5, column 2) suggested by
Beckinsale and Chorley (1991: Chapter 11) overlap somewhat and so
four major categories are developed in Table 4.5 in order to indicate the
present status of different approaches.



Table 4-5 Approaches to the classiíication of landforms

Type oí cla§sifi€atiOn Example, citation current status

1, Genetic Encyclopedic Peschel (1870) see Tabie 4,1. Was basis for
sUbseqUent recognitjon oí range of landíormS
classiíied according to genesis, RecogniZed from
mid 2Oth centUry on 8eomorphologiCal maps.

Landíorms associated With exogenetic geomorphic
processes (Weathering, SIope, fluVial, coastal, Aeolian,
glaciaj, peíiglacial), With endogenetic geomorphic
processes (tectonic, voicanic), and With structUřai
controls (karst): 498 difíerent geomorphons constitute
a comprehensive and exhaustive set oí al1 oossible
morphologicai terrain types,

Soil classif ication approaches
terrain segmentation (Romstad and Etzelmúller, 2012)

GeomorphiC provinces
Geomorphons
Ecological patches (Bravard and Gilvear, 1996)

Hill Sheds (Evans, 20]2) and iandíorm geomorphometry.
Gls,
Applied to alluvial landforms (Lewin and Ashworth, 2013),

Terrain units,
Glacial, paraglacial land systems,
Hazard and risk zoning maps
Landslide djstribution Zoning maps (calvello et al,, 2013),

2, Morphological subdivision

3. Process based DrainaBe basin
hierarchies
s]ope Sequence
Sedimentary
archjtecture

4. Applied Practical

Complex
regionaliZation

site: an area with similar Iocal conditions oí
climate, physiography, geology, Soil (Bourne,
1931). Naiure oífers two inescapab|e
morpho|ogical Units: at the one extreme the
undjvidable f]at or slop€, at the other the Undivided
continent (Linton, 1951; Mabbutt, 1968),
Hieralchy of diVisions recognized by Unstead,
1 933| stows+tracts,+regions.
Woo]dridge (1932): slopes and ílais; the ultimate
units of relief ar€ flats and slopes (Linton, 1951);
Gregoíy and Brown (1966): morphologjcal units.
Stream ordering: Horton (1945); Strah]er (1952);
and subsequent methods,
Nine unit model (Dalrymple ei al., 1969),
Unit hierarchi€s (Miall, i 996),

Land Systems: an area With a recurrjng pattern of
topography, Soils and Vegetalion, CSlR0 (Christian
and Siewart, 1953).
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employed in recent GIS approaches, For slopes a nine-unit hypothetical
landsurface model (Dalrympl e et al., 1969) showed how nine larticular
slope components could occur on landsurface slopes any-whire in the
world, with each component associated with a particular assemblage of
processes. A similar approach was applied to pedogeomorphic research
(Conacher and Dalrymple, 1977) where a simple five-unit slope may
be sufficient (e.g., Birkeland, 1984). Alluvial systems may smiLrly be
seen as both hierarchical and consisting of meso-scale elements such as
channel bars, levees, overbank deposits and infilling palaeochannels,
with all being developed simultaneously but at different rates (Lewin
and Ashworth, 2013).

This 'process-based' approach íollows a much earlier, and now more
controversial, one adopted by Vř.M. Davis who characterized streams
as 'consequent', 'subsequent', 'obsequent' and 'resequent' according to
their sequence and origin in his theoretical cycle of erosion. A difficulty
has been that such nomenclature depended on inference about landscape
evolution rather than being readily determined from observable stream
attributes. If an alternative evolutionary model becomes preferred, then
the form elements require an identity revision, with some confusion

' between observarion and interpretation.
A fourth category of applied approaches (Table 4.5) includes the

land system developed by Christian and Stewart (l953) as areas with a
recurring pattern not only of topography but also of soils and vegeta-
tion providing an approach for resource evaluation. Resource surveys
in undeveloped parts of Austrália and Papua New Guinea, initiated in
1946 b,y the Australian Commonwealth Scientific Industrial Research
Organization (CSIRO), originated this approach. A further applied
approach described as complex regionalization is illustrated by Russian
work which includes recognition of the urochischa as a basic physical-
geographical unit of landscape with uniform bedrock, hydrological co.r-
ditions, microclimate, soil and meso-relief (Ye Grishankov, 1913) which
could then be grouped into progressively larger units often character-
ized according to their use and potential and used for land evaluation.
§7hereas landscape ecology is the study of pattern and process át the
landscape scale (Forman, 1995), focusing on what systems in the land-
scape can generally be used for, landscape evaluation is the estimation
oí the potential of land for specific kinds of use which can include pro-
ductive uses such as arable farming, livestock production and foreitry,
together with other uses that provide services or benefits such as water
catchment areas, recreation, tourism and wildlife conservation (Dent
and Young, 1981). Such approaches have been refined with the advent
of information systems (Cocks and §íalker, 1987), advanced develop-
ments in remote sensing and the development of geographical informa-
tion systems (e.g,, Heywood et al., 1998). Two major contemporary
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developments have occurred: first in geomorphometry and GIS, and
second through the recognition of specific geomorphological land sys-
tems (see Chapter 2, pp. 1,6-1,7| especially for glacial and paraglacial
landscapes, Thus six paraglacial landsystems were identified (Ballantyne,
2002a): rock slopes, drift-mantled slopes, glacier forelands, and alluvial,
lacustrine and coastal systems; each containing a wide range of paragla-
cial landforms and sediment facies.

Many potential links exist between the four major categories of
Table 4.5, such as ecological patches íorming a mosaic connected by
corridors in any scale of landscape that can be employed in hydrology,
analogous to a patchwork of geomorphological units nested at different
scales (Bravard and Gilvear, 1996).

Landforms should be seen in the context of place and landscape,
Place is used to refer to that particular part of space occupied by organ-
isms or possessing physical environmental characteristics (Gregory,
2009), whereas landscape comprises the visible features of an area oí
land, including physical elements such as landforms, soils, plants and
animals, weather conditions, and also any human components, such as
the presence of agriculture oI the built environment. Physical places, as
enshrined in place names or ťypes of landscape, are not easy to define but
progress was made by recognizing physical or natural regions. Phillips
(2001) contends that historical and spatial contingencies are responsi-
ble for the character of places. Historica1 contingency means that the
State of a system or environment is partially dependent on one or more
process states or upon events in the past, arising from inheritance, con-
ditionality and instabiliry: inheritance telates to íeatures inherited írom
previous conditions (see Chapter 15). Conditionality is when develop-
ment might occur by two ol more different pathways according to the
intensity of a particular phenomenon, for example whether a threshold
is exceeded to instigate diíferent trajectories of development. Instabiliry
refers to dynamical instabilities whereby small perturbations or varia-
tions in initial conditions vary or grorň/ over time giving divergent evo-
lution, Spatial contingency occurs where the state of an Earth surface
system is dependent on local conditions that relate to local hisrories,
landscape spatial patterns and scale contingency.

4.3 Contempora]y perceptions oí ]eality and
interptetations

The identification of physical environments is now realized to be cul-
turally determined: so do people from different cultures see physical
landscape, and therefore landforms, in the same way? Thus Harrison
et a|. |20041 10) contended that 'landforms have traditionally been seen
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as discrete entities (as things in themselves). Geomorphological maps
employ solid black lines around landforms, yet in the field the bounda-
ries between (and within) landforms are often very far from clear. The
identiíication of geographical landforms, therefore, involves a clear set
of assumptions not only about the nature of landform, but also about its
history (both as a landform and as an intellectual category, since these are
intertwined)'. Furthermore there áIe many cases when interpretations of
landform have changed according to scientific thinking at the time, as in
the case of landscape elements identified in terms of the Davisian cycle
of erosion as weil as later interpretations involving planation surfaces
and residuals oí variously identified origins (Table 4.6). At the other end
of the spectrum is use of the term'rock glacier'; Allison and Brunsden
(2008) showed how 21 terms from 33 authors were utilized until just the
one term became generally accepted,

It is quite generally accepted that scientific disciplines divide the par-
ticulars they study into kinds, which are groupings or orderings thai do
not depend on humans. Theorization about kinds may follow (http://
plato.stanford.edu/entries/natural-kinds/#NatKinChe) as part of essen-
tialism, a general theory oí natural kinds in philosophy. Essentialism
concerning natural kinds has three main tenets: first, all and only the
members of a kind share a common essence; second, this essence is a
pfoperty, or a set of properties, that all the members of a kind must
have; and third, a kindt essence causes other properties associated with
that kind. The essence of the natural kind.gold', for example, is gold's
atomic structure (Ereshefsky, 2009). Richards and Clifford (201 1 ) sug-
gest that the philosophical issue is whether these categories and the
classificatory structures of which they are a part are .real' (i.e., are .natu-
ral kinds'; see Rhoads and Thorn, 1996|, or simply convenient men-
tal constructs to impose some degree oí regularity on the apparently
diverse character of surface forms, with implications for thó manner
of enquiry and type oí explanatory process which follows the initial
description (Harrison,2001). k the landscape naturally constructed of
discrete entities for which we require names - drumlins, cirques, barch-
ans, yardangs, inselbergs, etc. - or is it simply a continuous 3-D surface,
to some of whose topographic attributes we arbitrarily assign these
names? Furthermore, as shown in the next chapter, the notion of equi-
finality implies that a given landform may result írom more than one
process regime or process history.

Thinking about landíorms as natural kinds underlines the need for
the description and classification of landforms to be more detailed,
rigorous, and genetically based. However, genetic inteípretations are
liable to change (Table 4.6|, so that landform identity can change also.
Ánd what may have been identified in effect as.kinds'may not col-
lectively cover the whole Earth surface. §í'ithout digressing ioo far to
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Table 4.6 Examples of changing interpretation of particular landforms

LandlOím 0riginaI lnteřpretátion DevelOpments and curíent lnteípretatiOn

Erosion surface/
planation Suríace

Erosion surface Used especially in Britain
in mid 20th century to describe flattish
pIain produced by sUbaerial erosion.
oíten reconstructed from smaJ] remnants
in the landscape.

ln the first half of the 20th century most
channels interpreted as overfIoW channels
and explained as prodUced by dralnage
overfloWing from proglacial lakes.

ln the fiíst half of the 20th century
regarded aS Weathering residuals typical
of areas such as Dartmoor in the uk.
originally applied by G,K.GiIbert (1880)
to alluvial íans on the margins oí Lake
Bonneville, Utah,

Until mid 20th century thou8ht to
be confined to limestone areas, and
possessing all the characteíiStics of riVer
VaIleys but no stream channel evident,

Planation Suíace sUbseqUently preferred term because such surfaces
could be produced by range of processes, including marine erosion,
and usuaily regarded as the product of an erosion cycle or a prolonged
period oí erosion Under particular erosional conditions,

Research on contemporary glaciers enlightened interpretation oí
former Blacial draina8e systems lhat Were appreciated to be composed
of channelS,lhat ílowed on, in and Under ice as Well as at its
mar8ins. Hence the term 'glacial drainage channel'was employed to
encompass a ránge of superglacial, engiacial, and subglacial routes,

sUbseqUentIy the sUb]ect of debaie because it Was appreciated that
they could be produced as integral parts oí deep tropical Weathering
or dUring periglacial conditions,

NoW thought of as smooth concave upward erosion surface that is part
of the piedmont zone in arid and semi arid aíeas. N4ay hav€ alluvial
cover and have also been recognized in temperate areas,

Later realized that dřy Valleys not confined to limestone outcrops, can
occur on other liiholo8ieS, and reflect Ťormer more extensive drainage
networks,

Glacial drainage
cha n ne ls

TorS

Pediment

Dry Valleys
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consider such questions as 'Do mountains exist?' (Smith and MaIk,
2003), we have to remember the difference between land form and
landforming approacl-res in the past and the need to understand how
landform, materials and processes (considered in the next chapter) are
integrated to comprise geomorphological understanding. And if we do
not appreciate just what we mean by the 'form' of the land sufficiently,
how can we suggest how landforms should be remodelled or designed
as an integral part of landscape conservation (Gran 2009)?
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