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Definition

Geomorphology is the science that studies the origin and
development of landforms and how those landforms com-
bine to form landscapes. Landforms are shaped by geo-
morphological processes, many of which involve the
weathering, erosion, transportation, and deposition of sur-
face materials (rock, sediment) by gravity, ice, wind, or
water. Both erosional and depositional landforms can be
identified, and study objectives may include establishing
(1) the initial timing of surface material movement (hence,
landform age), (2) the timings of subsequent surface mate-
rial movement (hence, landform development rate), and
(3) the nature of surface material movement (sediment
dynamics). Using a similar threefold breakdown, the
focus here is on how luminescence dating can contribute
to these objectives. Luminescence dating is a family of
techniques most suitable for investigating fine-grained
(typically silt, sand) depositional landforms. The basic
principles of luminescence dating and the various tech-
niques are explained in other entries (e.g., see “Lumines-
cence Dating”), and the emphasis here is mainly
on optically stimulated luminescence (OSL) dating,
which typically can be applied to quartz-rich sediment
ranging in age from a few years to several hundred
thousand years.

Principal applications of luminescence dating in
geomorphology

Luminescence dating relies on the exposure of transported
sediment to light prior to deposition and burial of that sed-
iment. Consequently, OSL and other luminescence tech-
niques are best suited to the investigation of depositional
landforms originating and/or developing as a result of
one or more of the following processes, all of which
involve varying degrees of sediment exposure to light:
aeolian (e.g., loess sheets, dunes), colluvial (e.g., aprons,
glacis), fluvial (e.g., alluvial fans, river terraces), and wave
and tidal action (e.g., beach ridges, spits). Luminescence
techniques have been less widely applied to the investiga-
tion of glacial, deeper marine, tectonic and volcanic pro-
cesses because of reduced exposure of sediment to light
and/or less suitable (coarser or finer) grain sizes or min-
erals, although techniques are being developed to cater
for these issues (see “Luminescence Dating, Deep-Sea
Marine and Lacustrine”, “Luminescence, Glacial Sedi-
ments”, “Luminescence, Earthquake and Tectonic Activ-
ity”). Numerous recent reviews have outlined the
applications of luminescence dating in specific areas of
geomorphological research (e.g., Duller, 2004; Singhvi
and Porat, 2008; Fuchs and Lang, 2009; Cunningham

and Wallinga, 2012), and the following provides only
a brief outline of three main, possibly interrelated,
applications.

The initial timing of sediment deposition

Commonly, luminescence dating is used to establish the
initial timing of sediment deposition, thereby providing
information on landform age. Examples include OSL dat-
ing of the timing of aeolian deposition in deserts (e.g.,
Hollands et al., 2006); in such instances, the ages for the
basal aeolian sediments provide maximum ages for the
overlying dune landforms (Figure 1a). Similarly, lumines-
cence dating of basal sediment can help establish the max-
imum ages of a variety of other landforms including
colluvial aprons (e.g., Botha et al., 1994), lacustrine beach
ridges (e.g., Nanson et al., 1998), and river floodplains and
terraces (e.g., Keen-Zebert et al., 2013). In addition, dating
of the initial timings of deposition in adjacent landforms
may be used to provide bracketing ages for geomorpho-
logical processes that partly involve erosion; for example,
the timing of river incision can be bracketed by
establishing an age for the alluvial sediments into which
a river has incised, and an age for the sediments subse-
quently deposited within the incision slot (Figure 1b).
The former provides a maximum limiting age for incision
and the latter a minimum limiting age for incision, thereby
bracketing the actual timing of incision (e.g., Keen-Zebert
etal., 2013).

The timings of subsequent sediment deposition

Typically, establishment of the initial timing of deposition
is coupled with the investigation of the timings of subse-
quent deposition, thereby providing information on land-
form development rate. Examples include using multiple
luminescence ages from sediment bodies to establish ver-
tical accretion rates (Figure 1), but sampling strategies
also can be designed to establish dune lateral migration
and/or forward extension rates (Figure 2a), meander bend
growth rates (Figure 2b), or coastal progradation rates
(Figure 2c) (e.g., Bristow et al., 2005; Rodnight et al.,
2005; Hollands et al., 2006; Roberts and Plater, 2007;
Rink and Lopez, 2010; Telfer, 2011). In cases where single
or multiple bracketing ages for river incision can be
established (e.g., across a flight of alluvial terraces), these
can be coupled with the depth of incision to provide
a mean long-term incision rate (Figure 1b). Establishing
OSL ages for relatively unmodified sediments above and
below paleosols can also help to bracket soil formation
rates (Figure 2d), as has been demonstrated in studies of
loess, aeolian dunes, and sand ramps (e.g., Roberts,
2008; Fujioka et al., 2009; Telfer et al., 2012).

The nature of sediment movement

Some recent applications of luminescence techniques
have focused less on the timing and rates of landform
development and more on sediment dynamics. For
instance, OSL dating has been used in combination with
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Luminescence, Geomorphological Processes, Figure 1 Examples of possible strategies for luminescence sample collection and
the insights into geomorphological processes and landform dynamics that may result: (a) Cross-sectional view of aeolian linear dunes
(b) Cross-sectional view of an incised river and flanking alluvial deposits.

hydraulic modelling to provide fundamental insights into
the nature of storage and flushing of fine-grained matrix
sediments in small mountain streams in southeast Austra-
lia (Thompson et al., 2007), and investigations of down-
stream quartz sensitivity (brightness) change in larger,
lower gradient Australian rivers potentially may provide
information on river style and associated fluvial processes,
including bedload transport rate, and water depth and tur-
bidity (Pietsch et al., 2008). In other geomorphological
contexts, a variety of analytical approaches have been
employed to investigate other aspects of local sediment
dynamics, including bioturbation and its implications for
depositional stratigraphy and luminescence chronologies
(Bateman et al., 2007).

Key issues in applications of luminescence dating
in geomorphology

The following outlines some overarching considerations
that arise from applications of luminescence dating in
geomorphology.

Sampling design and age consistency

Careful sampling designs can help to provide an internal
check on luminescence age consistency. For instance,
luminescence ages for the underlying sediments upon
which the basal aeolian or fluvial sediments have been
deposited provide a maximum limiting age for subsequent
development of the dune or floodplain and clearly should
be older than the maximum ages established by dating of
the basal aeolian or fluvial sediments underlying the land-
form of interest (Figure 1). In addition, where several sam-
ples have been collected in vertical, lateral, or longitudinal
sequence within or across landforms, normal stratigraphic
principles apply; the luminescence ages for sediment that
is superimposed upon, laterally adjacent to, or cross-
cutting pre-existing sediment should be younger than the
ages for the preexisting sediment (Figure 2b).

Comparison with independent geochronometers

Confidence in the veracity of luminescence ages also can
be provided by comparisons between different
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Luminescence, Geomorphological Processes, Figure 2 Examples of possible strategies for luminescence sample collection where
the focus is on establishing landform development rates: (a) Cross-sectional and plan view of a laterally migrating and longitudinally
extending aeolian linear dune (b) Cross-sectional and plan view of a laterally migrating meander, with scroll bars formed on the
inside bend. OSL ages for scroll bars and the oxbow lake infill are derived from Rodnight et al. (2005) and Tooth et al. (2009) (c) Plan
view of a prograding coastal spit and back barrier complex (d) Side view of a vertically accumulated loess-paleosol succession.

luminescence techniques and by comparison with
other geochronometers. For Australian fluvial sediments,
comparisons have been made between OSL and TL
ages (see “Luminescence Dating, History”, for TL); in
these instances, the ages commonly overlap within error
and have been used to argue for the veracity of TL ages
in those settings (Nanson et al., 2005; Maroulis et al.,
2007). More commonly, luminescence ages have been
compared with chronologies obtained using different
techniques on the same sediment layers or from

underlying or overlying sediment layers (e.g., Madsen
et al., 2005; Rodnight et al., 2006). For instance, in
the Klip River wetlands, South Africa, OSL dating was
used to establish the age of sandy paleochannel sedi-
ments, while '*C dating (see “Radiocarbon Dating”)
was used to establish the age of post-abandonment,
organic-rich infills (Rodnight et al., 2006). As expected,
the '*C ages tended to be younger than the OSL
ages (Figure 3), thus providing support for the
OSL analyses.
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Luminescence, Geomorphological Processes, Figure 3 Schematic comparison between OSL ages for bedload sand in
paleochannels of the Klip River, South Africa, and the generally younger "*C ages for overlying organic-rich sandy muds (modified

from Rodnight et al. 2006).

Comparison with other paleoenvironmental
datasets

Luminescence dating can establish the timing, rates, and
nature of sediment movement, but a common aim of geo-
morphological enquiry is to identify the drivers of change.
Drivers of change may be intrinsic to the system dynam-
ics; for example, vertical accretion, lateral migration,
and/or forward extension of aeolian dunes, meander
bends, or coastal spits (Figure 2a—c) can occur under con-
ditions of constant sediment supply and steady wind
regime, discharge, or wave energy. Commonly, however,
drivers of change are extrinsic to the system and result
from wider paleoenvironmental changes, including those
related to climatic, sea level, tectonic, volcanic, or anthro-
pogenic  perturbations. Where paleoenvironmental
changes lead to marked increases in the magnitude and
frequency of river flooding, for instance, this may lead to
increased rates of floodplain vertical accumulation or
meander bend migration. These changed rates may be
established by OSL dating, but inferences regarding the
drivers of change require comparison with independently
dated paleoenvironmental datasets. Uranium-thorium-
dated (see “U-Series Dating”) or 4C-dated lacustrine,
cave, or marine deposits, for instance, are commonly used
to derive proxy records of paleoclimate change (e.g., past
precipitation, temperature, and/or vegetation, or some
combination thereof, such as indices of moisture availabil-
ity). A lack of close correspondence between the timing
and rates of landform changes established by lumines-
cence dating and the changes in these proxy records might
suggest that the dynamics have been driven independently
of paleoclimate, such as by intrinsic system dynamics or
by some other paleoenvironmental factor (e.g., past tec-
tonics). Where close correspondence exists, however, this
provides a basis for paleoclimatic interpretation of the
landform changes, and this line of reasoning has been
widely adopted in geomorphological enquiries.

Limitations of luminescence dating in
geomorphology

Although the comparison of luminescence chronologies
with other paleoenvironmental datasets is common in

geomorphological enquiry, potential problems may
impinge on this objective. Two common problems are
outlined below.

An inability to establish finite luminescence ages

Where the sediment being dated has a depositional age
that approaches or exceeds the age range of the lumines-
cence technique, then saturation of the luminescence sig-
nal may occur (see “Luminescence Dating, Uncertainties
and Age Range”). In such instances, it may not be possible
to determine a finite age, and only a minimum age for
deposition can be reported (e.g., >XX years). Although
this may provide useful information — for instance, in
confirming that basal sediments have minimum ages older
than finite ages for overlying sediments — it does not allow
calculation of finite vertical accumulation, lateral migra-
tion, or forward extension rates and precludes detailed
comparison with other paleoenvironmental datasets.

Limited precision of luminescence ages

Luminescence ages are reported with errors that reflect ran-
dom and systematic uncertainties; for OSL ages, errors at
one sigma (68 % confidence interval) are typically around
5-10 % of the sample age (e.g., see Figures 2b and 3).
Hence, although the central age is the most likely, there is
actually a 68 % chance that the sample age lies within the
reported error range. In some instances, this means that
OSL ages for adjacent landforms will overlap within error,
causing uncertainty when calculating rates of change. For
instance, across a scroll bar sequence in the Klip River
floodplain, South Africa, most OSL ages were in the correct
order and did not overlap, thereby indicating an approxi-
mately steady lateral migration rate of ~0.16 m/year over
the last ~1 kyr. Two ages in the middle of the sequence, how-
ever, overlapped within error (Figure 2b — samples 3 and 4).
In such situations, it may be unclear whether the overlapping
ages reflect increased analytical uncertainty associated with
particular ages or whether they reflect a short-term increase
in the lateral migration rate, although the latter explanation
was preferred in the Klip River case (see Rodnight et al.,
2005). The limited precision of OSL ages also limits
the potential for comparison with high-resolution
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Luminescence, Geomorphological Processes, Figure 4 Hypothetical but realistic illustration of the problems in attempting to
correlate luminescence ages (in this instance, from fluvial samples) and associated error bars with the paleoenvironmental changes
(paleomoisture index) recorded in higher-resolution datasets for the last 50 kyr. Errors associated with OSL ages generally increase
farther back in time and so may encompass one or more peaks and troughs in the paleomoisture index. Consequently, it may not be
clear whether periods of fluvial activity identified by the OSL ages have been driven primarily by relatively wet, relatively dry, or

transitional (wet-dry, dry-wet) conditions.

paleoenvironmental datasets derived from, say, lacustrine,
cave, or marine sediments; errors on OSL ages may overlap
with identified fluctuations in past precipitation, tempera-
ture, vegetation, or moisture availability (see Figure 4), even
those occurring over multimillennial scales, such that
paleoenvironmental drivers are hard to establish. In the case
of alluvial fans in Death Valley, California, USA, Dorn
(1996) has argued that imprecision in many
geochronometers means that climatic hypotheses of fan for-
mation are not testable; with some caveats, this argument
could be extended to OSL analysis of other landforms.
Commonly, however, the lack of precision is acknowledged,
and correlation with paleoenvironmental datasets is made
using the central ages (e.g., Macklin et al., 2010).
Awareness of these limitations is important when
considering the applicability of luminescence dating in
geomorphological enquiry, and some may be partially
overcome by future developments. For instance, ongoing
analytical work using thermally transferred OSL (TT-
OSL) is attempting to extend the luminescence dating
age range (Rhodes, 2011); in future, this may enable com-
parisons with longer paleoenvironmental datasets, possi-
bly including those extending back ~500 kyr or farther,
although any finite ages are still likely to be associated
with large errors. In other instances, the use of lumines-
cence dating in combination with other geochronometers
may provide the best approach. In central Australia, for
instance, relatively young luminescence saturation ages
(typically <100 ka) mean that OSL cannot be used to
determine the age of aeolian linear dunes that may be
many hundreds of thousands or even millions of years
old. Hence, Fujioka et al. (2009) combined cosmogenic
burial dating (see “Terrestrial Cosmogenic Nuclide
Dating”) and OSL dating to investigate histories of dune
building; cosmogenic ('’Be—2°Al) burial dating of the
basal sediments helped to determine that the first dunes
formed in the western Simpson Desert ~1 Ma, while dat-
ing of younger, overlying sediments using OSL indicated
that episodic dune reworking and building occurred dur-
ing late Quaternary glacial intervals. Similarly innovative

sampling designs that employ complementary geochrono-
logical techniques may be a hallmark of future geomor-
phological enquiries.

Conclusions

Over the last few decades, luminescence dating has contrib-
uted to a revolution in our understanding of the timing, rates
and nature of many geomorphological processes, and their
implications for landform and landscape development.
Despite some limitations, this increased understanding has
occurred in parallel with increasing insight into the
paleoenvironmental drivers of change. Further innovations
in luminescence sampling approaches (e.g., adoption of
“range-finder” OSL dating — Durcan et al., 2010) and ongo-
ing analytical advances (e.g., wider application of single
grain OSL dating, the increasing use of feldspars as chro-
nometers, and the development of TT-OSL — Rhodes,
2011) mean that luminescence dating is likely to remain
an essential part of the geomorphologist’s “toolkit” in the
decades to come. This will provide fertile ground
for interdisciplinary work in scientific and applied contexts,
such as in archaeology, paleoanthropology, paleoseismicity,
and environmental management (e.g., Rittenour, 2008;
McCarthy et al., 2010; Barré et al., 2012; see also
“Luminescence Dating of Archaeological Sediments™).
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Definition
Glacial. Of, or pertaining to, ice masses of sufficient
magnitude that they are able to deform under their
own mass.
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