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Badlands and environmental change

Milica Kasanin-Grubin, Beigrade

1 Introduction

Badlands develop in many climatic regjons and on
a wide ränge of soils and bedrock (Bryan & Yair
1982; Howard 1994). The one general characteristic
of badlands, regardless of location, is the presence of
intensely dissected landforms accompanied by steep
slopes, rills, gullies, and frequently, extensive pipe or
tunnel erosion (Fig. la, b, c, d).

Badlands are often considered to be ideal Seid «labo-
ratories» because their rapid formation allows close
investigation of geomorphic processes (Bryan & Yair
1982). However, badlands can also be seen as ideal
areas for furthering understanding of the scale and

impact of environmental change, a factor which gen-
erally lies at the origin of badland initiation. Badland
development is either caused by land use change, such
as land clearance due to agricultural development or
due to overgrazing, or by natural events like tectonic
activity or climatic change (Table 1).

Badlands exist under different climatic conditions.
Gallart et al. (2002) distinguishes between badlands
in arid (precipitation <200 mm), semi-arid (precipita-
tion 200-700 mm) and humid climates (precipitation
>700 mm), each with a distinct set of processes, not
least due to the differing presence of Vegetation. In
arid climates which do not sustain Vegetation, geomorphic

processes are controüed by bedrock and regolith
properties, in semi-arid climates badland evolution
confines plant growth by limiting water avaüabüity in
thin regoliths, especially on south-facing slopes, while
in badlands in humid climates, freezing rather than
dryness, is important for plant growth (Gallart et al.

2002).

which evolve rapidly, have steep rüled and gullied
slopes, with mass movement as a main process on the
side-slopes. Biancana, on the other hand, have gentler
slopes with equally active surface and subsurface net-
works (pipes and subsurface cracks).They are charac-
terised not only by rill erosion, but by mass movement
and sheet wash as weü (Alexander 1982). Calanchi,
which are usually much larger landforms, generally
form in coarser Sediments like clayey silts and sandy
clayey silts, while smaüer dorne type biancana have a

very high clay content (Battaglia et al. 2002; Torri &
Bryan 1997). Biancana Sediments also have a higher
Na content (Alexander 1982; Battaglia et al. 2002).
Battaglia et al. (2002) found that although sweüing
clay content is roughly the same in materials from both
landforms, the weathering profiles differ greatly: while
they are only a few centimetres thick on biancana, a

thick weathered profile is characteristic of calanchi
(Vittorini 1977 in Battaglia et al. 2002).

As mentioned above, badlands mostly develop in
clay-rich lithologies. The relation of specific physical
and chemical properties of these materials to
erosion processes has been demonstrated in many studies

(e.g. Bowyer-Bower & Bryan 1986; Bryan et al.

1978; Bryan et al. 1984; Gerits et al. 1987; Hodges &
Bryan 1982; Imeson et al. 1982; Oostwoud Whdenes
& Ergenzinger 1998; Yair et al. 1980). Properties such
as shrink-swell capacity, slaking potential and disper-
sivity are controüed by soü texture, clay mineralogy
and chemistry, thus strongly influencing the timing and
location of runoff generation and the relative signifi-
cance of surface and subsurface erosional processes
(rill erosion and micro-piping). For this reason,
Kasanin-Grubin (2006) and Kasanin-Grubin & Bryan
(2007) have argued for the Controlling factor role that
lithological properties, and in particular clay mineralogy,

play in badland hülslope processes and especially
in rill development.

Arid and semi-arid climates are most often associated
with badlands, however, not all landscapes in this
climate develop into badlands, and badlands can form
in different climates as well. For this reason,
fundamental attention should be gjven to badland materials
(Campbell 1997). In badland areas with two or more
different lithologies, erosion rates, slope properties
and processes differ. This particular phenomenon was
highlighted in the description by Schumm (1956) of the
different processes involved in the Brule and Chadron
formations of the South Dakota Badlands, USA. It has
also been discussed in research on differences between
calanchi and biancana in badlands in Italy. Calanchi,

The main purpose of this article is to summarize
the existing knowledge on badlands as a sensitive
indicator of environmental change. Using a labora-
tory experiment as an example, a clear link is made
between lithological properties of badland materials
and environmental change.

2 Climatic conditions: temporal and seasonal change

Climate influences Vegetation cover, soil development
and weathering processes. Erosion effectiveness of
rainfall depends on the intensity, duration, and size
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Fig. la: Dinosaur Badlands, Alberta, Canada, 2001

Dinosaur Badlands, Alberta, Kanada, 2001
Badlands de Dinosaur, Alberta, Canada, 2001

Photo: M. Kasanin-Grubin
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Fig. lb: Dinosaur Badlands, Alberta, Canada, 2003
Dinosaur Badlands, Alberta, Kanada, 2003
Badlands de Dinosaur, Alberta, Canada, 2003

Photo: M. Kasanin-Grubin



Badlands and environmental change Milica Kasanin-Grubin 17

*
m^

Fig. lc: Chinguacousy Badlands, Ontario, Canada
Chinguacousy Badlands, Ontario, Kanada
Badlands de Chinguacousy, Ontario, Canada

Photo: M. Kasanin-Grubin
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Fig. ld: Sestino Badlands,Tuscany, Italy
Sestino Badlands, Toskana, Italien
Badlands de Sestino, Toscane, Italie

Photo: M. Kasanin-Grubin
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Climate Precipitation
(mm)

Badlands Lithology Initiation Reference

Arid <200 Zin Badlands, Israel
Calcareous shale,
montmorillonite, kaolinite,
ühte, gypsum, pyrite

Geological control Yair et al.
(1980)

Semi-arid

-300
Vera Badlands,
Spain

Upper Miocene gypsiferous
marls

Dissection of Valley
controüed by
tectonics

Calvo-
Cases &
Harvey
(1996)

-300
Petrer Badlands,
Spain

Upper Cretaceous marls

-300 Monnegre Badlands,
Spain

Senonian marls

-330 Dinosaur Park
Badlands, Canada

Cretaceous sandstone,
mudrock

River incision after
deglaciation

Bryan et
al. (1978);
Bryan
(1987);
Kasanin-
Grubin
(2006)

-500
Tabernas Badlands,
Spain

Upper Miocene deep-
marine mudrock; marls,
shales, turbidites and
interbedded sandstones

Natural, but may be
man-induced because
bedrock is sensitive to
Vegetation removal

Alexander
et al. (1994)

Temperate
humid

-800 Val D'Orcia
Badlands, Italy

Pliocene marine clays
Quaternary
tectonically induced
dissection

TORRI &
Bryan
(1997)

-800
Vallcebre Badlands,
Spain

Cretaceous mudrocks Mostly man-induced
Regues et
al. (1995)

-885 Chinguacousy
Badlands, Canada

Ordovician Queenston shale Land clearance
Kasanin-
Grubin
(2006)

-1270
Sestino Badlands,
Italy

Cretaceous deep marine
varicoloured shales

Land clearance
Kasanin-
Grubin
(2006)

Tab. 1: Characteristics of some badland areas
Eigenschaften ausgewählter Badlands
Caracteristiques de quelques zones de badlands

distribution of drops, as well as their velocity The
amount and duration of wetting and drying periods
influence material infiltration rates, type of erosion
processes and weathering processes. However, material

properties can change over short time periods
between storm events, or on a more regulär seasonal
cycle due to moisture changes (Imeson & Verstraten
1988; Regues & Gallart 2004; Sirvent et al. 1997),
frost action or snowmelt (Iasio et al. 2002; Pardini et
al. 1995; Regues et al. 1995).

Temporal changes can produce marked changes in
surface characteristics, as described in Schumm &
Lusby (1963) on annual rül formation and oblitera-
tion, and seasonal change of processes on the smec-
tite-rich Mancos shale, Colorado, USA. During winter,
freezing and thawing transforms the less permeable
rüled surface into a highly permeable surface without
rüls. During spring and summer, compaction of the

surface, runoff increase and rüls re-establishment can
be observed. Scoging (1982) observed significantly
less erosion during winter than summer in the Ugjjar
badlands in SE Spain due to short, but high intensity
storms in summer months. It was also noted that the
last summer rains flush out dry surface material, reduc-
ing the amount of material that is ready for transport
by winter rainfalls.

Seasonal changes in material response have been
observed by Regues et al. (1995) and Regues & Gallart

(2004) regarding weathering and erosion in the
mountainous Vallcebre Badlands of the SE Pyrenees,
Spain. Both studies were based on antecedent moisture
and bulk density measurements. Physical weathering
was found to be strongest during the winter due to frost
action; during summer and fall, the material is easüy
removed and erosion is most active. As a consequence,
it appears that the Vallcebre Badlands' materials are



Badlands and environmental change Milica Kasanin-Grubin 19

subject to alternating periods of erosional and weathering

activity with conditions being described as stable
in autumn and spring and transitional in summer and
winter (Regues & Gallart 2004). These authors also
indicate a two-season delay between maximal weathering.

Observed erosional response was a consequence of
the delay between the season with the strongest weathering

and the season with the strongest erosion

Slopes with different aspects have various radiation
receipts. They also receive different precipitation
inputs, which vary with each storm and are influenced
by prevailing wind conditions. Aspect-related differ-
ences in slope characteristics are likeüer to occur in
arid areas because of the more critical nature of moisture

conditions here than in areas with abundant moisture

(Churchill 1981). In the Brule Formation
Badlands, South Dakota, USA, south-facing slopes, which
are subjected to more intense wetting and drying, are
significantly shorter, steeper and generally straighter
in profile than their north-facing counterparts (Churchill

1981). In contrast, the north-facing slopes are
densely rilled with deeper regoliths due to deeper infil-
tration. In the Zin B adlands, Negev, Israel, north-facing
slopes have rough, liehen covered surfaces with deep
regoliths, while their south-facing counterparts are
smoother with greater runoff rates (Yair et al. 1980).
Similarly, in the Dinosaur Park Badlands, Alberta,
USA, north-facing slopes retain snow longer and have
moister regoliths (Harty 1984). Despite the fact that
the significance of slope aspect as a control factor of
erosion processes has been described in these and
other areas, it has not been clearly identified whether
the erosional and weathering processes are predomi-
nantly climate driven or if the critical variable are the
lithological physico-chemical properties.

3 Lithological properties: clay minerals and
weathering

Most badland lithologies are clay-rich materials and
their behaviour is controüed by the type and amount
of clay minerals present. Clay minerals are fine-grained
with size particles <2|xm. Due to their sheet shape, they
have a very large surface area.The clay minerals found
predominantly in badland materials are smectite, illite,
chlorite and kaolinite.

The properties of active clays change significantly due to
weathering at or near the surface as they progressively
become exposed (Faulkner et al. 2000; Finlayson et
al. 1987). As the crust develops, the physico-chemical

properties of the material in the weathered layers
change, thereby influencing the activity of the geomorphic

processes. Alternation of wetting and drying cycles,

presence of joints and fissures and dissolution-crystalü-

zation of soluble minerals are the three main influences
on mudrock weathering (Canton et al. 2001). Wetting-
drying cycles may cause compaction of the internal
structure and there appears to be a significant difference

in material response to precipitation depending on
whether or not it is followed by freezing (during which
more deterioration oecurs) (Pardini et al. 1995).

The weathering profiles of mudrock in the Dinosaur
Badlands Park, Alberta, Canada (Hodges & Bryan
1982), marls from the Guadix Basin Badlands, Spain
(Gerits et al. 1987), mudrocks from the Chadron
Formation, Utah, USA (Howard 1994) and mudrocks
from the Zin Valley Badlands, Israel (Yair et al. 1980)
have the foüowing typical layers: a) 1-2 cm thick
porous crust with desiccation cracks, leached of highly
soluble components; b) -10 cm subsurface compact
layer rieh in micropores; c) 10-40 cm thick transitional
layer with partly weathered shards and d) unweath-
ered material.

The crust characteristics, such as mineralogical and
geochemical composition, cracks and thickness of the
surface and subsurface layers influence the processes
on the hiüslope. The type of crust that develops on
the exposed material depends on its physico-chemical
characteristics and on the magnitude and frequency of
precipitation. Intense shrink-swell activity in smectite -
rich Sediments can produce desiccation cracks and a

loose «popcorn» regoüth that has high macroporosity
(Imeson 1986; Schumm 1956). The «popcorn» surface
can also form with repeated freezing-thawing cycles
and expansion that oecurs due to ice crystal growth.
Clay swelüng can also induce stronger alteration of
mudrock than caused with wetting and drying (Pardini
et al. 1995). The «popcorn» surface has been identified

in the Chadron formation, South Dakota, USA
(Schumm 1956), Dinosaur Park Badlands, Alberta,
Canada (Bryan et al. 1978), Vaücebre Badlands, Spain
(Regues et al. 1995) and the Val D'Orcia Badlands,
Italy (Torri & Bryan 1997). In the Zin Badlands, Israel,
the swelüng of smectite clays was suppressed due to the

presence of kaolinite and calcite. Instead of a typical
«popcorn» crust with loose aggregates, a dense crust
rieh in desiccation cracks with a subsurface coarse
shard layer developed (Yair et al. 1980). A similar crust
developed on marls in badlands in SE Spain (Canton
et al. 2001) and on smectite-poor shales in the Chinguacousy

Badlands, Canada (Kasa-nin-Grubin 2006).

4 Lithological properties and climatic conditions:
laboratory experiment

Kasanin-Grubin & Bryan (2007) investigated dif-
ferences in appearance of surface conditions in the
Badlands of Dinosaur Park, Canada, during research
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which was carried out in May, 2001 and May, 2003 (Fig.
la, b; 2a, b). On both occasions, the geometrie
characteristics of rüls and rüls Systems were measured. Even
though the number of sites in 2001 was substantially
smaller than in 2003, differences in geometrie properties

were still evident. Rill width and width/depth
ratio on mudrock slopes decreased, while rill depth
increased during the two years. The limited number
of sites investigated and the high Standard deviation
of the 2001 data prevented direct comparison of rill
network properties between the two years. However,
field observations aüowed the conclusion to be drawn
that the riü Systems on mudrock appeared to not only
be more incised but also denser and characterised by
longer first order Channels.

Besides the form of rül Systems, the difference in
appearance of the surface crust on the mudrock slopes
between 2001 and 2003 was even more striking (Fig.
2b). In 2001, conspieuous «popcorn» surface crust
characterized many of the mudrock surfaces. It formed
on active smectite-rich clays and led to great local
Variation in microrelief and material properties (De
Boer & Campbell 1990). In 2003, the «popcorn» crust
was almost completely absent; surfaces were sealed,
had less microrelief and were denser, with wider and
deeper desiccation cracks.

Thus it appears that for Alberta mudrocks, although
climatic seasonal Variation may not appear to be par-
ticularly significant during an average year, dramatic
changes can oeeur under extreme precipitation conditions.

This includes the transformation of the surface
from its «popcorn» characteristic to a dense, Hat and
compacted surface. Similarly, in Mediterranean
climates, seasonal distribution of precipitation was found
to be more important than the total amount of rain
(Yaalon 1997). For example, on simüar material in
the Petrer Badlands, Spain, Calvo-Cases & Harvey
(1996) observed more changes between seasons than
between years.

If the Alberta mudrocks are susceptible to «seasonal»
changes, then the same could be assumed for smectite-
rich shales in other regions due to their similar minera-
logical composition. To test this assumption, Kasanin-
Grubin (2006) tested smectite-rich and smectite-poor
lithologies by means of weathering experiments.
Mudrock shards (average 1 x 1 x 0.5 cm) were placed
in circular aluminium sample trays (radius 12.5 cm,
depth 4 cm). They were subjeeted to 10 cycles of simu-
lated rainfall at 45 mmh4 intensity with duration ranging

from 10 to 60 min.

In the smectite-rich lithologies a marked difference
in surface crust and desiccation crack development
was noticed (Fig. 3a).The shard structure with defined

margins was maintained throughout the experiment
under rainfall durations of 10 and 20 minutes. This
could be due to shard swelüng potential being limited
by water availability and the short duration of the wetting

period. During drying cycles, minute cracks of
< 1 mm in width often appeared on the shard surfaces.
In contrast, the effect of water availability could be
seen on the samples subjeeted to 50 and 60 minutes of
rainfall. Here, maximum swelüng appeared after the
first cycle of rainfall (Fig. 3a). After this swift swell-
ing, samples became unstable and dispersive, and after
the third rainfall cycle, dispersion became dominant,
resulting in flatter surfaces, thinner crust development
and narrower desiccation cracks. From the weathering
experiments it would seem that even rainfall of very
short duration (10-20 min) can lead to swelüng of clay
minerals during wetting and formation of «popcorn»
surface during drying periods. During subsequent
wetting-drying periods, the crust becomes flatter and
denser, and desiccation cracks become wider and
deeper. Depending on size, continuity and reappear-
ance after wetting, cracks can become flowpaths and

may evolve into rüls. The rate at which cracks re-
appear after sealing is very important for runoff gen-
eration, particularly in typical infrequent rainstorms of
low intensity and duration (Bryan et al. 1978).

In the smectite-poor materials there was no apparent
difference in samples as a result of rainfall duration
(Kasanin-Grubin 2006). When exposed to rainfall,
smectite-poor shale shards broke apart after each
drying cycle (Fig. 3b). During repeated cycles of wetting

and drying, large smectite-poor shards broke
down into smaller shards due to differential swelüng
of üüte and chlorite. Once they were reduced to tiny,
flaky shards (0.5 cm x 0.2 cm), the surface became
compacted. As indicated above, this process appears
to be characteristic of Mancos shale in Utah (Fam &
Dusseault 1998).The Mancos shale decomposes after
a few tens of hours with only slight sweüing into flaky
shards (Howard 1997). These materials are salt-rich
and each time shards disintegrate they yield a yellow-
ish liquid rieh in Na and Ca sulphates (Laronne 1981).
If salt leaching does not oeeur, shard disintegration
will not oeeur (Howard 1997). The mixed-layer non
swelüng clay minerals can cause pressure to increase
under repeated wetting and drying conditions, possibly
leading to brittle failure of material (Wust & McLane
2000). Cracks that form during slaking promote fur-
ther permeability and expose more rock surface to
water (Sadisun et al. 2005).

Furthermore, smectite-rich and smectite-poor lithologies

appear to differ not only in their response to wetting

periods, but to drying periods as well (Kasanin-
Grubin 2006). Lithologies that have thin regoliths,like
Alberta badland sandstone and smectite-poor litholo-
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Fig. 2a: Difference between riü network and surface characteristics on the same site in 2001 (left) and 2003 (right)
Unterschied zwischen Rillsystem und Oberflächeneigenschaften am selben Ort, 2001 (links), 2003 (rechts)
Difference entre le reseau de rigoles de ruissellement et les caracteristiques de surface sur le meme site en 2001

(gauche) et 2003 (droite)
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Fig. 2b: Photos and SEM images of «popcorn» surface in 2001 (left) and surface crust in 2003 (right)
Fotos und SEM (Scanning Electron Microscope) Aufnahmen einer «Popkorn»-Oberfläche, 2001 (links) sowie
einer Oberflächenkruste, 2003 (rechts)
Photographies et images SEM (Scanning Electron Microsope) d'une surface en «popcorn» en 2001 (gauche) et
croüte de surface en 2003 (droite)
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Fig. 3a: Incremental weathering experiment on smectite-rich lithologies. Samples subjeeted to three wetting
(45 mainfall intensity) cycles of a) 10 min. and b) 60 min. rainfaü.
Stufenweises Verwitterungsexperiment mit Smektit-reichen Gesteinen. Die Proben wurden drei aufeinanderfolgenden

Beregnungen (45 mm h1 'Niederschlagsintensität) von jeweils a) 10 Min. und b) 60 Min. unterworfen.
Experience climatique incrementale sur des lithologies reiches en smectite. Echantillons sujets ä trois cycles
d'arrosage (intensite depluie de 45 mm h1) de a) 10 min. et b) 60 min. depluie.
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Fig. 3b: Incremental weathering experiment on smectite-poor lithologies. Samples subjeeted to three wetting
(45 mm h4 rainfall intensity) cycles of a) 10 min. and b) 60 min. rainfall.
Stufenweises Verwitterungsexperiment mit Smektit-armen Gesteinen. Die Proben wurden drei aufeinanderfolgenden

Beregnungen (45 mm h1 Niederschlagsintensität) von jeweils a) 10 Min. und b) 60 Min. unterworfen.
Experience climatique incrementale sur des lithologies pauvres en smectite. Echantillons sujets ä trois cycles
d'arrosage (intensite de pluie de 45 mm h1) de a) 10 min. et b) 60 min. de pluie.
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gies, do not respond to moisture input/output varia-
tions. In contrast, smectite-rich lithologies release up
to 4 times more Sediments when moisture inputs occur
over long periods (60 min) with drying periods in
between than during short rainfalls (10 min) of same
intensity. This indicates the importance of drying for
smectite-rich materials which can differ with slope ori-
entation. Furthermore it also implies more profound
differences that occur with sensu stricto seasonal
climatic changes. Even more importantly, this Observation

highlights the importance of the response of the
material to climatic variations, a response which does
not necessarily occur on a regulär cycle.
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Abstract: Badlands and environmental change
Badlands develop in many climatic regions, on a wide
ränge of soüs and in various bedrock types. The physical

triggers for development of badlands can be natural,

such are tectonic activity and climate change, but
more frequently they are human induced, e.g. land
clearance to change use of land. The research pre-
sented here clearly indicates that clay mineralogy and

type and amount of clay in the bedrock play a critical

role in the development of surface crust and hill-
slope morphology and ultimately of badlands. Labora-
tory experiments on smectite-rich samples subjeeted
to simulated rainfall have established a correlation
between phased development of surface crust and
desiccation cracks and duration of rainfall. A similar
correlation could not be found for smectite-poor materials.

In addition, evidence was collected on the different
responses of smectite-rich and smectite-poor lithologies

to wetting and drying periods. Thus, it appears in
particular that drying periods play an important role
in badland development on smectite-rich materials, an
aspect which is directly linked to slope orientation and
strongly sensitive to differences that occur with sensu
stricto seasonal climatic changes.

Keywords: badlands, environmental change, lithological

properties, clay mineralogy

Zusammenfassung: Badlands und Umweltwandel
Badlands haben sich in mehreren Regionen entwik-
kelt, auf einer Vielzahl von Böden und auf verschiedenen

Festgesteinen. Die physikalischen Auslöser der
Badlandentwicklung können natürlich sein, wie etwa
tektonische Aktivität oder Klimawandel, jedoch wird
sie häufiger durch den Menschen verursacht, z.B. durch
Abholzung aufgrund einer anderen Landnutzung.
Diese Arbeit hat klar aufgezeigt, dass die Tonmineralogie,

die Tonart und Tonmenge im Festgestein eine
entscheidende Rolle bei der Entwicklung einer
Oberflächenkruste sowie der Hangmorphologie und
letztendlich von Badlands spielen. Experimente im Labor
an Smektit-reichen Proben, welche simuliertem Regen
ausgesetzt wurden, haben gezeigt, dass eine Beziehung
zwischen der schrittweisen Entwicklung einer Oberflä-
chenkruste, Trockenrissen und der Dauer des Regen-
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falls besteht. Hingegen haben Regenexperimente an
Smektit-armen Materialien keine ersichtliche
Empfindlichkeit auf die Dauer des Niederschlags gezeigt.
Diese Untersuchung hat ebenfaüs deutlich gemacht,
dass Smektit-reiches und Smektit-armes Festgestein
unterschiedlich auf Feucht- und Trockenperioden
reagieren. Der Einfluss von Trockenperioden wurde
anhand der Smektit-reichen Materialien deutüch;
hierbei hat die Hangorientierung eine direkte Auswirkung,

aber auch andere, weitgreifendere Unterschiede,
welche senso stricto bei saisonalen Klimaveranderungen

vorkommen, haben einen Einfluss.

Schlüsselwörter: Badlands, Umweltwandel,
Gesteinseigenschaften, Tonmineralogie

des echantillons riches en smectite, sujets ä des simu-
lations de pluie, ont montre une correlation entre les
differentes phases du developpement des croütes de
surface, les crevasses de dessiccation et la duree des

pluies. De simüaires experimentations menees sur des
echantillons pauvres en smectite n'ont montre aucune
sensibilite ä la duree de la pluviosite. Cette etude
montre egalement que les lithologies riches ou pauvres

en smectite repondent differemment aux periodes
humides et seches. Limportance des periodes seches a

ete clairement demontree dans le cas des materiaux
riches en smectite, avec des implications directes sur
Torientation de la pente, mais aussi sur de plus profon-
des differences qui surviennent dans des conditions de

changements climatiques saisonniers au sens strict.

Resume: Badlands et changement environnemental
Les badlands se developpent dans des regions climatiques

diverses ainsi que sur un grand nombre de types
de sols et de soubassements rocheux. Le facteur declen-
cheur du developpement des badlands peut etre naturel

(activite tectonique et changements climatique)
mais le plus frequemment, il est produit par Tactivite
humaine, ä travers la denudation des terres produite
par un changement d'affectation des sols. Ce travail
demontre clairement que la mineralogje de Targile
ainsi que le type et la quantite d'argüe dans le soubas-
sement rocheux jouent un röle critique dans le
developpement des surfaces de croüte, dans la morphologie
des bassins versants et finalement dans la formation de
badlands. Les experiences menees en laboratoire sur

Mots-cles: badlands, changement environnemental,
proprietes lithologjques, mineralogje des argiles
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