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QUATERNARY FANSAND COLLUVIUM ASINDICATORSOF ENVIRONMENTAL CHANGEAND

LANDSCAPESENSTIVITY

Michael F. THOMAS

ABSTRACT

Unconsolidated sediments in the humid tropics range from highly altered
weathering products involved in minimum, low energy transport, to coarse fans and
landslide deposits. But most can beregarded as colluvium and alluvium showing imprints
of episodic sedimentation. These deposits may span the entire Cenozoic, but 14C dating
has led to a focus on Late Quaternary sediments. Many studies have indicated
concentration of activity between the Last Glacial Maximum (LGM) and the early
Holocene‘pluvial’, but recent use of Optically Stimulated L uminescence (OSL) dating
indi cates episodic sedimentation throughout the L ast Glacial Cyclein somelandscapes.
The low resolution of most OSL studies limits attempts to construct true event
stratigraphies. But, despite this restriction, these sediments record the detailed history
of landscape sensitivity to environmental change, and this history includes the effects
of continuing weathering and pedogenesis. Bringing together studies of weathering,
landscape sensitivity to environmental change, and source-to-sink models of
sedimentation, provides a conceptual framework to understand earth surface systems
within aQuaternary timeframe.
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1 INTRODUCTION

Unconsolidated sediments blanket large parts
of the tropics. They include Tertiary deposits such
asthe Barreiras Formation of Brazil, the Continental
Terminal and Bullom Series sedimentsin West Africa,
and the Kalahari Sands of central and southern
Africa. Such formations are particularly associated
with Cenozoic denudation and the sedimentary
history of tropical cratons, and the sediments are
frequently classified asfluviatile, lacustrine, acolian
or marinefaciesdeposited at the margins of theland
massor inintra-cratonic basins. Inthe humid tropics,
the sediments are characteristically derived from
ferralitic (lateritic, bauxitic) weathering profiles often
of Mesozoic age, by erosion under conditions of
low relief. These source materials, and the mainly
low energy conditions of transport, produce
sedimentsranging typically from sandsto ‘lateritic’
clays. Their advanced weathering ensures a paucity
of carbonates and sulphates that form common
cementing materials in other environments. Silica
cementation is also rare in humid environments,
though common across Australia and southern
Africa. On the other hand, Fe cementation, forming

varieties of ferricrete and enrichment by Al, dueto
further weathering iscommon. Such sediments may
be particularly sensitive to erosion following
perturbations in the environment, arising from
whatever cause. In fact, one of the problems of
interpretation that they poseisahistory of repeated
mobilisation and redeposition, often involving only
minimum distances of transport. Another, isthe effect
of continued weathering of the sedimentsfollowing
deposition, which can obscure original sedimentary
structures.

Thisstyle of sedimentation can be considered
part of a‘ cratonicregime’ (FAIRBRIDGE & FINKL
1980), embracing prol onged periods of weathering
followed by shorter episodes of stripping of the
saprolite mantle. ERHART (1955) and MILLOT
(1964/1970) anticipated these ideas, and the
former’s concepts of biostasie and rhexistasie have
passed into the vocabulary of geo-ecology.
However, our understanding of these sedimentary
environments and their modern analogues is
limited. FAIRBRIDGE & FINKL (1980) envisaged
very long timescal esfor these events: 107-108y for
cratonic stability and weathering; 10%-10° y for
episodes of tectonic or climatic crisisand erosion.
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But more detailed studies have shown that events
on shorter timescal esinvolving Quaternary climatic
oscillationsover 10?-10*y also need to be considered
withinthisapproach (THOMAS & THORP 1985).
Many of the Cenozoic sequences are capped
by 10-20 m of apparently structurel ess sediment, such
as the yellow-brown Belterra Clay in the Amazon
Basin (TRUCKENBRODT etal. 1991), andthereare
similar materials capping weathering profiles in
Kalimantan (Indonesia) (Figure 1). In West Africa,
the Continental Terminal also displays unsorted
|ateritic sediments, which are probably in part aresult
of the local redistribution of duricrusted profiles
(MOSS 1965). A possibly comparabl e phenomenon
is seen in the ‘white sands’ of podzolising
environments. These materials can be 3-5 m thick
and are apparently homogenous. They are typical
of profiles developed on coastal plain alluvial
terraces, but they can befound on friable sandstones
within the perhumid tropics. Accounts of al these
materials describe similar groups of processes as
responsiblefor their formation. They divide between
in situ transformation of parent sediments by
leaching and chelation processes (CHAUVEL 1977,

CHAUVEL etal. 1987, BRABANT 1987, LUCASet
al. 1988, TRUCKENBRODT et al. 1991, THOMAS
etal. 1999) and colluvial or aluvia translocation by
flowing water (HEYLIGERS 1963, MOSS 1965,
AB’SABER 1982). The action of termites has also
beeninvoked (TRUCKENBRODT et al. 1991).
Outside the present-day tropics, possibly
homologous sediments include the ‘argiles
plastiques’ of the Paris and Aquitaine Basins of
France (MILLOT 1964, BLANC-VALLERON &
THIRY 1997) overlying the Upper Cretaceous
limestones (chalk). These materialsare often regarded
as ‘remani€ sediments, following dissolution of
impurelimestones containing clay. Where evidence
for conventional fluvial transport is lacking, the
processes thought to account for such deposits
divideinto, those requiring dissolution of rockswith
the collapse of weathering profiles, and local
redistribution of weathering products by ill-defined
processes of ‘colluviation’. Where clastic transport
can be demonstrated, it has often been localised
withinalluvia fan environments. Of course, thelarger
river basins contain alluvial plains and terraces,
which are not the main subjects of thisenquiry.

Figure 1 - Section through weathered igneous rocksin NW Kalimantan. Gibbsitic profiles predominatein thislowland
equatorial environment of multi-convex ("meias laranjas") hills. The nodular gibbsite (bauxite) forms a concentrated
horizon, above which structureless, yellow-brown sandy clay attains a thickness of several metres.
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2 PEDOGENICAND GEOMORPHIC
EVOLUTION

2.1 Profileevolution and collapse

Work in NW Kalimantan has established the
presence of late Pleistocene alluvial terraces and
Holocene beach barriers (THORP et al. 1990), both
of which carry podzolised white sand profiles.
Examination of gibbsite-rich weathering profilesover
granodiorite in the same area has indicated the
possibility of lateral eluviation, and possibly
dissolution of kaolinite, with theformation of residual
white sands along the margins of river valleys
(THOMAS et al. 1999). In the Rio Negro basin, a
similar juxtaposition of ferrallitic and podzolic
residues is seen by BOULET et a. (1997), and by
DUBROEUCQ& VOLKOFF(1998), asanillugtration
of thetransformation of ferrallitic soilsinto podzols
by pedogenic processes, a theory anticipated by
CHAUVEL (1977) and discussed by DUBROEUCQ
& BLANCANEAUX (1987).

However, the story does not end with ‘soil
transformation systems’ (BOULET et al. 1997),
because the white sands, which appear to have been
formed by both chemical and mechanical eluviation
(vertical or lateral) in profile, have also become
entrained into the fluvial system by detachment of
guartz grains. All stages in weathering profile
evolution, mechanical and chemical eluviation of
claysandthecolluvial and aluvial transfer of sandy
sediment are, therefore, involved. In the absence of
abrupt environmental perturbation these processes
may be quasi-continuous and lead to structureless
sediments and alack of erosional unconformities.

2.2 Erosion and depositional episodes

By contrast, there is ample evidence for
punctuated or episodic erosional/ depositional events
from humid tropical landscapes. The same ‘white
sands' discussed above have also been considered
as indicators of environmental change and
redistribution of sgprolitemantles(HEY LIGERS 1963,
AB’SABER 1982, FAIRBRIDGE & FINKL 1984).
Wherever slopes are sensitive to environmental
perturbation, abrupt changesto the geomorphological
system arerecorded in widespread landdidesand fan
deposits, which are clearly demarcated in theterrain.
The importance of late Quaternary landslide events
has been demonstrated from eastern Brazil
(MODENESI 1983, 1988 MODENESI-GAUTTIERI
2000), and they are evident from most tropical aress,

wherever there are steep dopes. Few such eventshave
been dated, but MODENESI-GAUTTIERI (2000) found
3 major phases of deposition on the slopes of the
Camposdo Jordéo Plateau: 37-31 kaBP, 22-14 kaBP,
9-8.5kaBP Itissgnificant that theauthor noted that this
evidencefor episodic landscapeingtability conflictswith
suggestions of continuous cool-dry conditionsperssting
from 35-10 ka BP, based on pollen evidence cited by
BEHLING (1997). Alluvid fansared socommonaong
escarpment fronts, but again few have been securely
dated. The paucity of dates for these environments
reflects the problems of sampling very coarse
sediments and, often, the lack of suitable organic
material for radiocarbon dating.

Much of the colluvium draping the lower
slopes of hills in the humid tropics cannot be
described as either landslide debris or aluvia fan
sediment. It is more diffuse, having its origins on
neighbouring hillslopes and directly connecting to
these. However, it isnot structureless, but revealsa
complex stratigraphy. Pioneer work at Bananal in SE
Brazil has provided atype locality for this type of
sediment (DEMEISet al. 1984; MOURA et al. 1989),
and the term ‘rampa complex’ was introduced to
describe the characteristic combination of erosiona
scars (hillslope hollows) and colluvial/alluvial
apronsfoundinthisarea(DEMEIS& MACHADO
1978). In Africa, the French term ‘glacis has been
used to describe similar forms (MICHEL 1973).
COELHO NETTO (1999) has recently collated a
remarkabl e set of radiocarbon datesfor the deposits
in SE Brazil and demonstrated a concentration of
agesaround 10kaBP (*C) (11.2cal. kyr BP), witha
few datesaround the Last Glacial Maximum (LGM)
but hardly any dates between 9 kaand 1 kaBP (**C)
(10-1 cal. k yr BP). This is strong evidence for
landscape instability and sediment mobility during
the unstable, changing climates at the end of the
Pleistocene. In some of themain river valleysof SE
Brazil, copious sedimentation also occurred during
thisperiod (DE MEIS & MONTEIRO 1979), and a
few dates indicate that this material is late
Pleistocene. The detailed stratigraphy of these
depositsindicates that many episodes of deposition
were involved, and laminated sediments in certain
valleys (see THOMAS 1994, Figure 8.12) suggest
that some sediment was supplied in pulses, due either
to many individual storm events, or to a strongly
seasond flux. The possibleinfluence of neotectonics
on slope and stream sedimentation in thisareaof SE
Brazil isacknowledged by MODENESI-GAUTTIERI
(2000), but how tectonic events interacted with the
impacts of climate change on slope stability and
catchment processes remains poorly understood.
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3 LATE QUATERNARY SEDIMENTATION

Most of these sediments are attributed to the
Late Quaternary and have hitherto been dated by
radiocarbon methods. But with the advent of
thermoluminescence (TL) and OSL methods for
dating quartz grains, many deposits that could not
be dated by radiocarbon methods can now be
analysed. Moreover, the actual sedimentation and
burial of sand grains in the deposit can now be
directly dated.

In arecent study of alluvial fansfronting the
main escarpment of thetablelandsin the rainforest
zoneof NE Queendand (THOMASet al. 2001; NOTT
et al. 2001), it was established (using TL and
Accelerator Mass Spectrometry -AMS - ¥C dating
techniques) that the main period of formation was
duringtheLGM, from>27 kaBPto ca. 15kaBR after
which the fans became incised by linear streams.
This study has also rai sed a question concerning the
relationship of the alluvial fans, which are
predominantly fine-grained, to landslide lobes and
occasional coarse debris cones that occur in the
same area. Conditions for the formation of the
alluvial fans were probably reduced rainfall
(possibly to 800 mmy*at the LGM, areduction of
64%) and vegetation cover (KERSHAW 1978,
MOSS & KERSHAW 2000). Loss of runoff and
stream power, accompanied by higher sediment
yields, appear to have been the factors leading to
rapid deposition of sediment in this area. More
humid conditions may have been responsible for
the landslides, but these remain the subject of
ongoing investigation. The advanced weathering
of source-areametamorphic rocks, along the lower
slopes of the escarpment has controlled the
sediment type and also led to many small fansbeing
derived from the escarpment front.

L uminescence techniques also extend the
timescal e of investigationswell beyond the limits of
radiocarbon dating (ca. 40 k yr BP), and this has
aready offered fresh insights into the evolution of
landscapes during the Quaternary. Illustration of
thishasrecently comefromwork in central Africa. In
Eastern Zambia, around the town of Chipata, in a
savanna woodland environment (P=1100 mm y*)
near the border with Malawi, agroup of prominent
landslides occur around residual hill masses
comprised of weathered granulite and quartzite. On
the basis of evidence for the grouping of landslide
eventsin other areas at times when the climate was
thought to be wetter, around the Pleistocene-
Holocenetransition and in the early Holocene humid

period (post 11 cal k yr BP) (SHRODER 1976,
RENEAU et al. 1986, THOMAS 1998), it was
speculated (THOMAS, 1999), that these features,
which are very fresh in the landscape, might date
from the terminal Pleistocene or early Holocene.
However, subsequent dating of intercalated alluvial
sedimentsat onelanddidesite, using OSL methods,
has shown that at least some of these events took
place before 200 k yr BP(THOMAS & MURRAY
2001). If al smilar didesinthisareaareof comparable
age, then the landscape experienced a major crisis
before the Last Glacial Cycle, and slope failure on
thisscale has not been repeated since. Thelanddlides
involved deep-seated failures in the weathered
granulite (schist) and the residual forms and debris
|obes have experienced very little modification since
that time.

Alluvid fans and colluvium are also found in
this field area, and are widespread in the savanna
environments of eastern and southern Africa
(WATSON et al.1983, GOUDIE & BULL 1984,
MEADOWS 1983, 1985, ERIKSSON et al. 1999;
SORENSEN et al. 2001; THOMAS 1994, 1999;
THOMASand MURRAY 2001) and in theforested
areas of central Africa(RUNGE 1992, 1996, 2001).
But few recorded sequences have been securely
dated. ERIKSSON et al. (1999) indicated two colluvid
episodesin central Tanzanig, onefrom14.5-11.4k yr
(OSL) and the other post 1 k yr (OSL). Onthe Nyika
Plateauin Maawi, MEADOWS (1983, 1985) recorded
aperiod of rapid stream sedimentationin small dambo
valleys, commencingin 12k yr BP (**C) (14 cal. k yr
BP) and continuing for 7 k yr, while SHRODER (1976)
obtained adateof 10.2k yr BP(*C) (11.4ca kyr BP)
from asample buried by alanddidein the same area
Late Quaternary colluvium has been identified from
many other parts of the tropics including the NW
DeccaninIndia(JOSHI & KALE 1997).

Tworecent OSL dating projectsin central Africa
have, however, demonstrated that not all colluvial
deposits date from this concentrated period at or
following the end of the Pleistocene. In the Chipata
area of Zambia, previously discussed, a series of
fans and broad sheets of colluvium extend for up to
1 kmfrom thebase of the hillslopestowardstheriver
valleys, sloping at 2-5°. Gullying has exposed one
4.8 m section through mainly sandy colluvium
containing discontinuous thin beds of pebbles and
cobbles. Sands sampled from this section range in
agefrom65kyr (OSL) (at4.1m)to9kyr (OSL)a0.3m
(Figure2). Inanother section two distinct sedimentary
eventsdatedto 45k yr (OSL) and 90k yr (OSL), and
coarse basal sediments could be at least 100 ka in
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Figure 2 - Simplified diagram of gully section through
colluvium in Eastern Zambia. OSL samples taken from
sandy sediments with at least 30 cm separation from
surfaceand from cobble-gravel beds. Ratesof accumulation
have been low but high-energy pulses have brought cobble-
sized clasts to the section intermittently. The landform
resembles a low-angled fan or depositional ‘glacis’
extending 1 km from source hillslope (see Thomas &
Murray, 2001).

age(THOMASet al. 2001). Comparableresultswere
obtained inasimilar environment, fromal2m section
inMorogoro Didtrict, Tanzaniaby SORENSEN et al.
(2001), but herethe upper layerswere Late Holocene
inage(4.5-35kyr,OSL).

These results demonstrate recurrent landscape
ingtability throughout the Last Glacia Cycle(125k yr).
The alternative explanation, of a slow, incremental
evolution of slopes lacking evidence for
environmental crises is contradicted by the nature

— Multiple Sequence: 104 yr

Sequence: 103 yr

Singe event: 10-1 yr
25034k Muitiple event: 10-1-10-2 yr

Figure 3 - Timescale relationships within colluvial
sediments fed by (quasi-alluvial) wash processes. Single
events may be traceable as single-clast gravels fining
upward into sands, but defining theseisdifficult. Multiple
(storm) events are more likely to lead to thicker gravels
with discontinuous bedding. Dating with OSL is most
likely to achieve 10° yr (millennial) resolution.

of the stratigraphy, in which cobble beds interrupt
the accumul ation of fine sandy sediment throughout
the sequence. Theseallow theidentification of single
and multiple events and sequences, which at present
we cannot date accurately (Figure 3). But thereisno
evidence from these deposits of a major sediment
flux concentrated at the onset of the Holocene, nor
is there a clear signal at these sites of increased
sedimentation inthelate Hol ocene, reflecting human
occupation and land use. It should be stated,
however, that a younger colluvium (undated) is
found on some neighbouring slopes. Interpretation
of these findings in palacoenvironmental terms is
difficult. Theareain E Zambialiesat latitude 13°40' S
(long. 32°40'E), and it has been suggested by GASSE
(2000) that, in Africa beyond 10° S latitude, the
distinctive tropical rhythm of a cold, dry LGM
followed by arapid, if erratic, increase in rainfal,
culminating in an early Holocene ‘pluvial’ was
effectively reversed (wet LGM; dry early Holocene).
Former water levelsin nearby Lake Maawi havebeen
dated and interpreted as showing a high stand at
the LGM, falling subsequently (FINNEY &
JOHNSON 1991, SCHOLTZ & FINNEY 1994).

It istempting to suggest that pul ses of sediment
in this landscape represent the impacts of sudden
warming (DANSGAARD-OESCHGER) eventsinthe
Quaternary record, but thelow resolution of available
dated sequences precludes such an analysis. It is,
however, important to recognise that landscape
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activity in the Quaternary reaches far beyond the
eventsof thelast 22 k yr., and with the avail ability of
luminescence techniques for dating quartz grains
we have apotential tool for understanding thislonger
history. In addition, the use of cosmogenic isotope
dating of rock surfaces exposed by erosional events
hasthe potential to add further to our understanding.

4 DISCUSSION

4.1 Weathering and sediment sources

The notion of an almost steady-state
transformation of ferrallites into podzols under a
humid tropical regime in alandscape of low relief
and high watertables, without significant mechanical
transfers of sediment, remains controversial. But,
equally, the accumulation of sedimentsasaresult of
episodic erosion does not take place without the
intervention of active weathering processes, and in
thetimeavailable during aglacia-interglacial cycle
(125 k yr) significant ateration of regolith mantles
will occur (in both autochthonous and all ochthonous
materials). Some pedogeni c changes produce major
profile discontinuities, imitating erosional
unconformities, while deep, homogeneous surface
horizons may reach to depths of several metres
(Figurel).

The same factor also means that episodes of
erosion and deposition spaced in time across 10*
108 yr, will derive sediment from re-weathering of
source rocks. It is, therefore, mistaken to assume
that the store of saprolite along scarp frontsor within
residual hill masses is entirely inherited and static
when viewed in relation to sediment generation. On
the other hand, weathering profilesinvolved in deep-
seated landslides are likely to be inherited from the
geological past, and renewed weathering following
major slope failures will often be shallow in
comparison. Thus many major landslides that
occurred during the Pleistocene are found as relict
features in the landscape and subsequent slope
instability has often been superficial.

Inthe casescited, thedeep ferralitic profilesin
the granulites of eastern Zambia are associated with
residua hills standing 200-300 m above an ancient
planation surface (ca. 1200 m ad), and theregolithis
probably early Tertiary or Cretaceous in age. Low
rainfall (ca. 1200 mmy*) hasalmost certainly limited
the potential for further weathering in thislandscape.
Ontheother hand, many of thefansin NE Queendand
derivefine-grained sediment from the escarpment front
(the source area is 200-400 m below any ancient

planation surface), where weathering might be
considered relatively recent and active within awet
(3000+ mmy™*) monsoon (forest) climate.

The influence of sediment sources on the
sedimentary record isnot always considered fully in
discussions of Quaternary history. The linkage
between deep weathering profiles of advanced
alteration and sediments derived by erosion of this
mantlewasrecognised, long ago, by BAKKER (1957),
in a paper that merits greater recognition than has
been accorded to it. BAKKER worked in Surinam
and noted that the juxtaposition of bare-rock
inselbergs and zones of lateritic (ferrallitic)
weathering meant that standard correlative
techniques for understanding sedimentary
sequences would not apply to these landscapes.
But the nature of tropical saprolites and their
commonly abrupt transitionsto fresh rock has meant
that sediment fluxes have been bi-modal: either fine
grained quartz sands, silts and clays or very coarse
rock fragments of cobbleto boulder size, asseenin
Zambia. TRICART (1959, TRICART & CAILLEUX
1965) was one of many geomorphologists who
viewed this situation in terms of the alternating
weathered plains and rocky cataracts (sulas) found
along the thalwegs of tropical rivers. But the
implications are the same: many tropical landscapes
contain large stores of highly weathered saprolite,
eveninterrainswherethere are many rocky outcrops.
The saprolite may be Mesozoic in age or can be
Quaternary, in either caseit may remain stable under
forest on slopes of >20°. But it is sensitive to
environmental perturbation, and can be redistributed
across piedmont slopes over extended periods of
timewithout changein facies.

4.2 Abrupt environmental change and
landscape sensitivity

Most studies of Quaternary sediments have
tried to answer the question: ‘when did erosion and
sedimentation take place', without considering
carefully the nature and magnitude of the
environmental changes necessary to bring about the
observed chronology. In this regard
geomorphologists are often seen as dependent on
other proxy data, often from palynology, for evidence
of climate and vegetation change. But most pollen
corescomefrom miresand lake sediments, and both
occupy low points in the landscape, whereas
piedmont sedimentary coversarederived from upper
hillslopes. Thus, when pollen spectra show
continuity of woodland cover during climate
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changes, these forests may not have survived on
drier sitesinthelandscape. KADOMURA (1995) has
pointed out that forest-savanna mosaics or catenas
may have resulted from the drying of late glacial
climates and forest regression and fragmentation in
tropical Africa. Such landscape patterns are not
addressed by the interpretations of most available
pollenrecords. Furthermore, it has been pointed out
that hiatuses occur at many pollen sites at the time
of theLGM (LEDRU et d. 1998), sothat bothtemporal
and spatial resolution based on this type of proxy
dataare much lower at critical timesthanisgenerally
recognised. High-resolution data from ice-cores
(such as GI SP2) and marine sedimentsincreasingly
reveal theimportance of short-term climatevariability
and the abrupt nature of climate change over periods
of centuries (perhaps decades). Attaining a
comparable resolution from land-based sediment
records has proved elusive.

* Themeaning of ‘abrupt’ environmental change

Theimportance of geomorphological evidence
for the record of climate change lies mainly in the
impact such changes have had on the visible
landscape. Two issues can be focussed in this
discussion. First, what dowe mean by ‘ abrupt’ climate
change in the context of the Quaternary record? It
can be argued that this concept is timescale
dependent. Whenwe consider the Last Glacial Cycle
(100k yr), then an abrupt change may have occurred
over aperiod of 1k yr, but over the 10k yr of Holocene
timewelook for evidence of change over periods of
0.1 k yr (centuries). This also applies to recorded
changes, and abrupt change within a period 10 yr
may be envisaged astaking placewithin 0.01 yr (days)
(Figure4). Theimplications of these perceptionsfor
the understanding of process, using different
timescal es of enquiry aresignificant. High resolution
studies, for example, invoke individual events to
account for landscape change and sedimentation, and
attempt to establish an ‘ event stratigraphy’ . Over the
longer timescales such an approach is usually
impossible and periodsof (relatively) rapid landscape
change are identified that lead to accumulations of
sediment. Such sedimentation will be punctuated or
episodic, but we are often unable to place these
events in a secure chronology. Unfortunately OSL
dating cannot help, because for sediments 10 kain
agethetypical error of 5-10%is0.5-1.0ka. Thisisan
experimental reason why our perception of abrupt
changefor older depositsisoften different from that
applied to modern sediments.

Perception of 'rapid' change

1ky /

100 \\ /
10 0.1ky
1 \ 0.01ky /

0.001 ky

Timescale

ky

0.1

Figure 4 - Perception of ‘rapid’ changeis often related to
the timescale of enquiry. 1 k yr appears as a period of
rapid changein the context of aglacial cycle, but over the
10 k yr of Holocene time a century of rapid change is
commonly sought. Over recorded time of 100 yr, arapid
changewould be seen astaking placewithinasingleyear,
perhaps over weeks or months.

* Theimportance of ‘landscape sensitivity’

Connected to these problems are questions
about ‘ landscape sensitivity’ (THOMAS2001). This
is because high-resolution studies of sedimentary
sectionsor coreswill usually assumethefollowing:

1 That the record is complete and contains no
episodes of erosion (unconformities)

2. That each depositional event reflectsaccurately
themagnitude of every climatic event (intensity,
duration)

3. That sediment at each stage comes from the
same source area(s)

4. That the sourcearea(s) exhibit equal sensitivity
to erosion throughout the period.

But none of these conditions can be
guaranteed because:

1 Theprocessof sedimentation itself may disturb
underlying deposits

2 Many factors caninfluencethe flow magnitude
at the site during deposition, including pre-
event catchment conditions, such as regolith
saturation, and status of vegetation cover

3. Potential source areas for sediment within a
catchment are many, and unless the source-to-
sink pathway is short and unambiguous, may
change from one event to the next, partly asa



Revista do Instituto Geolégico, S&o Paulo, 23(1), 1-11, 2002.

consequence of spatial variability in rainfall
intensity across the catchment

4. Underlying these ambiguitiesisthe variability
in space and time of the sensitivity of all source
areas to erosion.

Sensitivity can vary spatially because of
inherent landscape patterns (rocks, soils, atitude,
slopes, plant cover) and over time because of factors
such as sediment exhaustion, active weathering, soil
profile development, and increasing (or decreasing)
biodiversity of the land cover. Perturbations in the
external environment, in rainfall patterns and
intensities for example, are superimposed on the
inherent spatial variability of thelandscapein ways
that complicate further the resultant patterns of
landscape response in terms of erosion and
sedimentation (see PHILLIPS1999). Theremay bea
stochastic element in the spatial distribution of high
intensity rainfalls, while there may also be systematic
changes in the frequency of high magnitude events
over periodsof 10%-10%yr.

Combinations of these factors can lead to
apparent inconsistencies in landscape response,
between adjacent catchments or hillslopes for
example, and may mean that isolated studies do
not reveal a full history of environmental and
landscape change at a regional level. The major
landslides of eastern Zambiaareinteresting because
they affect all hillsof similar geology in aregion of
102 km? and record events of considerablerarity on
a Quaternary timescale (10° yr). The landscape has
not been sensitive to major slope failure over the
last 200 k yr. On the other hand, sediment has been
shed from these same slopes frequenly throughout
the Last Glacial Cycle and has accumulated as
colluviumand alluvium forming adistinct piedmont
slope underlain by fine sediment interspersed with
discontinuous beds of quartzite cobbles.
Sensitivity has, therefore, to beinterpreted in terms
of major process domains: from channel response
to slope erosion and failure.

The concentration of landscape change
within comparatively short periods of intense
activity, as at Bananal in southeastern Brazil or in
the formation of fans in NE Queensland, poses
interesting questions for geomorphology. One
such question concerns the magnitude/frequency
relationships of formative events needed to
accomplish the observed changes. In the ‘wet
tropics’ of northern Queensland failure of the
monsoon during the LGM possibly led to loss of
stream power and also forest protection of slopes.
This led to copious sedimentation along the

coastal piedmont plain (THOMAS et al 2001). In
Eastern Zambiathe climate is drier and sediment
production may have accompanied abrupt
warming episodes throughout the Last Glacial
Cycle(THOMAS& MURRAY 2001).

There is a need to develop regional models
describing landscape sensitivity and response to
Quaternary and contemporary climate changes.
These will come about through increased effortsto
understand the Quaternary record of slope activity
and the formation and duration of sediment stores
in the landscape. The coupling of such sediment
stores to stream channels is also an essential
component of such models but this lies beyond the
scope of the present discussion.
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