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Burnaby, British Columbia V5A 156

Summary
The use of thermoluminescence (TL) for dat-
ing Quaternary sediments (both heated and
unheated) is expanding rapidly, and is poised
o become routine for deposits previously
considered barren of datable material or that
are inaccessible to other absolute chrono-
metric methods (e.g. “C, K-Ar, fission-track
dating). Especially significant advances in
procedures, applications, understanding and
technology have been made within the past
few years. Itis now possible to date the cool-
ing of airfall glass in tephra, and the last ex-
posure to light of feldspars within loess, buried
soils and in some waterlaid silts. Sand-sized
quartz from beach and dune deposits, and
silt-sized feldspar from peats, offer potential.
Perhaps outshining this substantial prog-
ress in application of Tl methods to un-
heated sediments is a potentially revolutionary
technique, demonstrated at Simon Fraser
University, that uses laser light rather than
heat to stimulate the luminescent signal in
minerals. This new technigue is expected to
be sensitive, simple and speedy. Further-
mare, it has the potential to date unheated
sediments that have received very brief (e.g.
minutes) exposure to sunlight at deposition
time.

{ntroduction

The remark of Dreimanis et al. (1978) that
“absolute dating methods beyond the radio-
carbon dating range (ca. 50,000 years or
50 ka) are urgently needed, particularly in the
Pleistocene stratigraphy of North America”
is still appropriate today. This is especially
so for Canada where Pleisiocene deposits
are largely giacial in origin, making regional
correlations difficult at best. Recent ad-
vances in the understanding of the thermo-
luminescence behaviour of minerals and in

experimental procedures now permil appli-
cation of thermally-stimulated luminescence
{i.e. thermoluminescence or TL) to several
classes of deposits previously considerad
barren of datable material, as well as to de-
posits laid down within the time window not
routinely accessible by other dating methods
(e.g.“C, K-Ar, fission-track dating). The use-
ful upper limit of TL dating is probably several
hundred thousand years.

Pre-1981 applications of TL to unheated
Quaternary deposits have been reviewed by
Oreimanis et a/. (1978) and Wintle and Hunt-
ley (1982) who pointed out that most of the
earlier work, carried out in eastern Europe
and the USSR, was unreliable because of a
lack of experimental rigour. Furthermore, lit-
tle was then understoed of the “zeroing”
mechanisms of the various unheated TL min-
eral clocks, nor of the effects of water content
and of post-depositional changes such as
reworking of sediments or migraticn of radio-
nuclides. The pioneering work of Wintle and
Huntley (1980) on deep-sea sediments has
indicated that the time of last exposure to
sunlight is an event which can be dated, and
has proposed methods for doing this. Much
of the effort since then has attempted to un-
derstand the behaviour of TL from Quater-
nary minerals and to determine the major
sources of error in applying these methods.
Progress has been made only when material
of well-known age has been studied.

Principles of TL Dating

The [uminescence emitted from a mineral
heated in the laboratory is proportional to the
number of electrons stored in traps (partic-
ular kinds of impurities or crystal defects).
These electrons migrate to traps upen ab-
sorption by the crystal of energy from natural
past ionizing radiations, mainly «, § and .
The number of elecirons in the traps is, there-
fore, a measure of the past ionizing radiation
dose (paleodose), hence, of the time elapsed
since the last event which emptied all the
traps. In principle then, a TL apparent age
involves two separate experiments: mea-
surement of the luminescence and deter-
miration of the past dose rate. The
luminescence sensitivity to ionizing radiation
is measured at the same time as the natural
luminescence signal. Simply,

TL apparent age = paleodose/dose rate.

The emphasis of this review will be on
progress in attaining accurate measurement
of the part of the luminescence which rep-
resents the post-depositional dose. Difficulty
in the accurate determinalion of this com-
ponent of the age equation has been the
principal stumbling block to successful ap-
plication of TL dating techniques to sedi-
ments. Details of the principles and practices
for determination of the dose rate have been
well reviewed elsewhere (Mejdahl and Wintle,
1984; Aitken, 1985).

Essentially, two classes of evenis are dal-

able: (1) growth of a mineral or its last cool-
ing, and (2) the last exposure to sunlight. The
effect of the agents of heat and light is por-
trayed in Figure 1 where, within the repre-
sentational energy level diagram for a
hypothetical crystal, electrons are dislodged
from traps and migrate through the lattice
conduction band. Some of these freed elec-
trons recombine with an opposite charge
(positive holes) at luminescence centres (e.g.
trace impuritias) to emit a photon of light.

The cardinal difference between these two
detrapping processes is that after heating no
further thermoluminescence can be mea-
sured, whereas after exposure to light some
electrons still remain in traps, the number of
these residual electrons being a function of
the duration of light exposure, wavelength of
incident light (photon energy). thermal acti-
vation energy of the traps (‘depth” below the
conduction band), and mineral type. It is this
complicated dependency of the residual TL
at deposition time that has, more than any
other single aspect, hindered progress in
accurate dating of unheated sediments,

In practice,
effective dose rate
where the equivalent dose (ED} is the lab-
oratory § or y dose that produces the same
TL intensity as the paleodose (arising from
a, B and vy radiations). This equivalent dose
is less than the paleodose because o parti-
cles are only about 10% as effeclive as y or
B rays in producing TL. In separate experi-
mants the effective dose rate is determined
from measurements of U, Th and K concen-
trations — the component caiculated for the
w radiations being less than the actual « dose
rate, because of the aforementionad low ef-

@

TL apparent age =

TL ‘Zeroing’

Figure 1 A carfoon depicting the “zeroing’ of a
TL mineral clock by heat or light. Within the hy-
pothetical crystal is a representation of an energy
fevel diagram. Energy from natural ionizing radia-
tion is carried by electrons from the laftice valence
band (lower), through the conduclion band (up-
per), and may be stored finally in electron traps
fe.q. defacts), at different lavels below the con-
duction band. Heat or tight can remove many of
these alactrons (as shown), some of which emit
light upon recombining with opposite charges at
luminescence centres (e.g. trace impuritias).
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ficiency of o particles in producing TL. In ad-
dition to the a, B and y components of the
dose rate, there is a normally small cosmic
ray contribution, which can be estimated
readily from the data of Prescott and Stephan
(1982},

As the median ranges of o, B and y radia-
tions in sediments are about 20 pm, 2 mm
and 30 cm respectively, the choice of sample
grain sizes is crucial to accurate determi-
nation of the equivalent dose (e.g. Aitken,
1985). Consequently, either 2-10 pm grains
(for which o attenuation is slight) or 100-
300 um grains (for which the affects of external
a dose can be removed by acid etching) are
used.

The procedures for measuring the equiv-
alent dose differ substantially for heated and
unheated material. For the former the addi-
tive-dose technique developed for pottery
dating (Aitken, 1985) is appropriate; for the
latter the partial bleach (R-I') and regener-
ation technigues introduced by Wintle and
Huntley (1980) are required. Singhvi ef af.
{1982) proposed a special case of the partial
bleach technique, hereafter called the total
bleach method. All three methods attempt to
deal with the presence of a non-zero TL com-
ponent at deposition time, Basically, the par-
tial bleach method permits arbitrarily shon
Jaboratory light exposures to be used 1o eval-
uate the equivalent dose, whereas the other
two methods use long light exposures. Be-
cause ot their relative ease of use, the re-
generation and total bleach techniques may
be prefertred for sediments — such as some
loessic sill — that have received long light
exposures at deposition time. Low residual
TL signals, expected from such long expo-
sures, are necessary for all three methods
to give the correct age. Nevertheless. as will
be discussed below, intensive insolation is
no guarantee of a low TL signal at deposition
time. In principle, only the partial bleach tech-
nique can yield the correct age when the
residuai TL signal is not relatively low.

Two of the major difficulties in determining
accurate TL apparent ages of geological ma-
terial have been uncertainty in the extent of
“zerolng" of the TL at deposition time (un-
heated material only), and the presence of a
type of TL instability known as anomalous
fading. Recent efforts to understand and
control these factors will be discussed before
summarizing applications of TL dating to
geoclogical material.

“Zeroing” of the TL at Deposlition Time

The assumption that a TL mineral clock has
been effectively reset or “zeroed” at depo-
sition time has been tested directly for some
sediments by measuring the equivalent doses
for zero-age material. Such tests have been
made for some unheated sediments: sus-
pended river silts, surface soils, a peat bog,
and the upper few millimetres of dune de-
posits. These studies, discussed below, clearly

illustrate how readily one can overestimate
TL apparent ages by “overbleaching” the
samples during laboratory light exposures.

Dune deposits provide a good example of
material thought to have been exposed ex-
tensively to sunlight before final burial. Yet
studies show thal the TL has not always been
well “zerced”. On the one hand, the as-
sumption that intensive insolation has fe-
duced the TL to a very low (residual) level
seems lo have been confirmed by the mea-
surement of low equivalent dose (1.5+ 1.0 Gy)
(Gray (Gy) is the official SI unit of dose
~ 100 rads) for ¢ca. 100 um quartz from the
top one millimetre of one dune (Singhvi ef
al., 1983), when the fotal bleach methad was
used. On the other hand, for ¢a. 100 uwm quartz
grains extracted from the surfaces of other
dune deposits, Prescott (1983} and Read-
head {1984) observed that a TL signal re-
mained which, surprisingly, could easily be
diminished further by additional light expo-
sure (both natural and artificial). Huntley (1985)
inferred that such guartz has received effec-
tivety only a short light exposure, and that
zero equivalent dose values can be mea-
sured only by using the partial bleach tech-
nique with short light exposures. Use of light
exposures longer than effectively received
by the sample at deposition time will detrap
electrons that were not disturbed at depo-
sition time, producing over-gstimates of the
equivalent dose as shown in Figure 2. The
effect of this overbleaching for oider samples
can be seen by shifting the TL axis fo the
right in Figure 2.

Another way by which overbleaching can
occur is to use higher photon energies (shorter
wavelengths) than were experienced by the
sample at deposition time (Berger and Hunt-
ley, 1982; Huntley et al.. 1983, Berger et al.,
1984; Berger, 1984, 1985a; Huntley, 1985).
As explained below, shorter wavelengths can
be selectively blocked in transmission through
cloudy water. For example, Berger et al. (1984)
observed that the TL apparent age for a ma-
rine core-top was more than twice the ex-
pecled date of 1.5ka unless wavelengths
below ca. 550 nm (yellow) were blocked from
the laboratory light source. Also, Huntley
(1985) showed that the measured equivalent
doses for several suspended river silts could
be reduced to near zero (<5(x2-7) Gy)
values if wavelengths up to ca. 550 nm were
blocked. Using the partial bleach technigue
with wavelengths up to ~360 nm (UV)
blocked, Huntley (1985) measured an equiv-
alent dose of <1 Gy for the A horizon of a
surface soil.

In summary, these experiments have shown
that: (1) the TL from 100 wm quartz grains
from intensively insolated dune deposits is
not always reduced to a very low level at
deposition time, and (2) for water-lain sills
the TL apparent age will generally depend
upon the spectrum of the laboratory light ex-
posure. How can we understand these ob-

servations? The explanation probably hinges
upon an observed wavelength dependency
of the reduction in TL from feldspars and
quartz, together with the known behaviour of
light in turbid water.

Firstly, Berger (1985a) noticed that for quartz
the TL was relatively insensitive to visible
wavelengths =450 nm (indigo) (Figure 3).
This suggests that for many intensively in-
solated beach and dune deposits some fac-
tor atienuates the shorter wavelengths before
they penetrate the 100 pm quartz grains. One
such factor could be natural surface coatings
on these grains (any such coatings are
routinely removed before TL analyses).

Regarding the second point, there is a nat-
ural mechanism which alters the light spec-
trum experienced by waterborne minerals
— absorption and scattering effects of sofid
pafticles (e.g. Jerlov, 1976). In particular, in
cloudy or turbid water the solar spectrum ap-
pears shifted toward the red by selective re-
moval of the shorter wavelengths. Thus the
TL of most waterborne quartz would notlikely
be reduced sufficiently at deposition lime for
present TL methods of dating to be suc-
cessiul. On the other hand, the TL of feld-
spars (which dominate the TL from most
polymineralic sediments (Berger and Hunt-
loy, 1982; Wintle, 1982; Berger. 1984)) is readily
reduced by all visible wavelengths (Kron-
borg, 1983; Berger, 1985a), though the longer
wavelength light is less effective than the
shorter wavelengths in draining this TL. Con-
sequently, for dating water-lain deposits it is
prudent to use only feldspars, and to employ
only long wavelengths (e.g. =550 nm) and
the partial bleach technique, because most
of the shorter wavelengths will have been
attenuated in turbid water.

The effectiveness of resetting of the TL in
large (>>100 pm) grains of quartz and feld-
spar deposited by water has not yet been
adequately investigated, though some work-
ers (discussed betow) have atternpted to use
such grains to date water-lain sediments. The
implication of the above studies on silts is
that only the feldspars may serve as suitable
TL clocks; however, itis hard to imagine large
grains of these being in suspension long
enough to have been more than slightly
bleached.

Anomalous Fading

Another factor which can drastically affect
the accuracy of the equivalent dose mea-
surement is anomalous fading. lts eftect is to
produce an underestimate of the correct age.
Anomalous fading is the type of TL instability
obsarved by Wintle (1973, 1977) in volcanic
feldspars and is generally attributec 10 a
quantum mechancial tunnelling of electrons
out of their traps. It cannot be described by
the usual kinetics theory and affects all re-
gions of the glow curves equally. its pres-
ence, however, can be detected by labora-
tory storage tests on artificially irradiated
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Figure 2 An idealized illustration of the partial bleach or R-I" mathod for measuring equivalent dases in
unheated sediments. Here the sample is of zero age. The upper line is the usual additive-dose TL build-
up curve one would construct (and extrapolate to zero TL) for heated rmaterial. The topmost lower curve
represents subsamples given a short laboratory light exposure. if this light exposure is lass than that
experianced by the sample at deposition time, the additional laboratory exposure will not reduce the TL
of the unirradiated sample significantly below the residual intensity (Iz) remaining at deposition time, but
will reduce that of the laboratory irradiated subsamples; the resulting intersection is on the zeroc dose axis.
On the other hand, an excessive laboratory light exposura will “overbleach’” the subsamples, producing
an equivalent dose which is too large (after Huntley, 1985).
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Figure 3 Glow curves for unirradiated fina-grained quartz (N) exposed to a Hy-based "'sunlamp’ for
different Jengths of time and with different parts of the spectrum blocked. The two curves, 24 hours and
10 days, were oblained when wavelengths baelow ~360 nm (UV) were biocked (filter CS0-52). One curve
represants a 24-hour exposura when wavelengths below ~420 nm (violet) (CS3-73) were biocked. A 14-
day axposure with wavelengths below ~550 nm (yellow} biocked {not shown) left the N curve unchanged
(after Barger, 1985a).
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samples. Typically, the laboratory-induced TL
intensity of a sample exhibiting anomalous
fading will decrease by several percent or
more within a few weeks of irradiation.

Generally, quartz does not exhibit anom-
alous fading, and whenever fading is ob-
served in polymineralic sediments it is
attributed to the feldspars, which usually
dominate the TL. Because a variety of non-
volcanic feldspar types can be expected in
sediments, when fading is observed it is not
known whether it is due to a few grains that
fade strongly or to a fading component com-
mon to all of the feldspar grains in that
particular sample.

Two approaches to this problem have been
tried: isolation of a non-fading mineral, and
exploitation of the TL behaviour of the fading
minerals. For the first purpose, quartz is com-
monly extracted from both coarse-grained
(Aitken, 1985) and fine-grained material
{Wintle, 1982; Lamothe, 1584, Berger, 1984),
Nevertheless, quartz presents two problems
of its own — not only inefficient resetting of
the TL at deposition time (discussed above),
but also onset of non-linearity in TL build-up
curves at relatively low doses. Recently, the
fine-grained magnetic fraction of polyminer-
alic siits has been discovered to exhibit little
or no angmalous fading (Berger, 1884),
potentially providing a useful antidote to the
problem. For tephra, Berger (1985b) has
shown that the glass component exhibits no
fading and so can be used to circumvent the
ill effects of fading observed in the bulk
fractions of such material.

Exploitation of the TL behaviour of the fad-
ing minerals has also recently been appar-
ently successful. Berger (1984) and Lamothe
(1984) have demonstrated that acceptable
TL ages can be cbtained if the TL readout
is delayed saveral weeks or months after lab-
oratory irradiations to permit any minor or
short-term fading component to decay. For
zircons extracted from zircon sands, Templer
(1985) has shown that the decay of any short-
term fading component can be accelerated
selectively by storage at suitabiy chosen el-
evated termpsratures. Such a procedure holds
great promise for polymineralic feldspar-
dominant samples that contain no volcanic
feldspars, or perhaps only a miniscule frac-
tion of them. For volcanic feldspars, however,
neither the delayed-glow approach (Berger,
1985b) nor the use of elevated temperatures
(Wintle, 1977) seems to eliminate the fading
component in practicable time intervals.
Tempier (1985} has also observed that long
wavelength light (e.g. >600 nm) can accel-
erate the short-term fading component in zir-
cons, but this technigue is unlikely o be useful
for feldspars, the stabie TL of which is known
to be sensitive to all visible wavelengths (unlike
zircons).

Another way to exploit the TL behaviour
of the fading minerals has recently been im-
plied by the work of Akber and Prescott (1985},
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They have suggested that strong anomalous
fading is associated with the Ca-rich feld-
spars, and have begun a study of the TL
emission spectra of plagioclase containing
different proportions of Na and Ca. They ob-
served a trend in TL sensitivity and emission
spectra which parallels the trend in fading
behaviour. The implication of their observa-
tions is that by recording only the longer
wavelength emissions (ca. 550 nm) during
the readout, one may be able to selectively
block the signals from the strongly fading
feldspars, which emit little or no tight in that
wavelength region — a very promising
approach.

Applications to Tephra

In this review the only Class 1 (“growth of a
mineral or its ast heating™) appiication to be
discussed will be the dating of tephra. Ap-
plications to other heating events are sum-
marized elsewhere (Aitken, 1985). As the TL
of the primary constituents in volcanic ash is
expected to be zeroed by heat immediately
before deposition, the TL additive-dose tech-
nique which was developed for pottery dating
can be applied.

Tephra deposits frequently provide a pro-
nounced time-stratigraphic rmarker horizon,
yet, within the time window ~50-300 ka, can-
not be accurately and directly dated, unless
they are near their source. For proximal ma-
terial, coarse-grained sanidine can some-
times be extracted for accurate K-Ar dating
of deposits as young as — 100 ka (e.g- Naeser
et al., 1981). For both proximal and distal
tephra >>200 ka old, fissicn-track dating can
be used, though it is very imprecise for de-
posits up to ~500 ka old if only glass is avail-
able. Furthermore, giass usually provides only
a minimum date, due lo track anneaiing.

In studies of several well-characterized
North American tephra, Berger and Huntley
(1983) and Berger (1985b) demonstrated that
the 4-10 um-sized airfall glass provides a new
absolute clock for dating the deposition of
such material. This glass is often homoge-
neous and transparent, has good TL sensi-
tivity and exhibits insignificant anomalous
fading. The glow curves for some well-known
Holocene tephra are shown in Figure 4. Of
these, only the Mazama and St. Helens Wn
samples were accurately dated by TL. Berger
(1985b) has discussed why the technique
might better be applied to older deposits.

For older tephra, the main limitation to ac-
curacy appears to be anomalous fading as-
sociated with the presence of feldspars.
Preliminary experiments by the author have
shown that such anomalous fading can be
eliminated by isolation of the 4-10 um-sized
glass from crystals, with the use of heavy
liquid separation procedures.

Appiicatlons to Unheated Sediments

Attemmpts have besn made to date the last
exposure to sunlight of several types of un-
heated sediments: heach and dune sands,

loessic silts, water-lain silts and sands, bur-
ied soils, peat and a lodgment till. Only those
applications on independently dated mate-
rial, or applications extending original studies
on such matenial, will be discussed here. For
this reason | shall bypass beach and dune
sands; rigorous studies have only just begun
{(see discussion of “zeroing” above). Efforts
by Singhvi ef al. (1982, 1983) and Hutton et
al. (1984) have produced reasonable TL ap-
parent ages for such sands. but it is difficult
1o assess their accuracy in view of the pauc-
ity or absence of independently known
deposition ages.

The techniques proposed by Wintle and
Huntley (1980} have been extensively ap-
plied to loessic silts. For the potymineralic
{feldspar-dominated) fine (<210 um}) grains,
Wintle (1981, 1982), Wintle and Brunnacker
{1982) and Wintle et a/. (1984) have obtained
satisfactory TL ages up to - 40 ka using the
partial bleach technigue, while Proszynska
{1983) and Wintle et al. (1984) repont ac-
ceptable ages up to -~ 100 ka with the regen-
eration method. Though Wintle (1981, 1982)
obtained reasonable dates, no indepen-
dently measured ages were compared. Gen-
erally, the sensitivity of teldspar TL to light
and the intensive insolation of such material
have permitted uncomplicated application of
the regeneration technique, and allowed
spectral sensitivity effects to be ignored. These
authors have not used the partial bleach
technique for silts older than —40 ka be-
cause of observed non-linear TL growth
curves. One interesting result of these stud-
iss has been the observation of Wintle et al.
(1984) that loess deposition at a Normandy
site was rapid and occupied only about

0% of the sampled time interval
(~10-120 ka). Norton and Bradford (1985) re-
port several TL apparent ages obtained by
the partial bleach technique for loess from
lowa having associated radiocarbon dates ot
14,000-30,000 years B.P. Though there are
several good agreements, two TL ages are
significantly low, while four are excessively
high; no satisfying explanation is given for
these discrepancies.

Recently a serious problem has been en-
countered with European loess older than
--100 ka, for Wintle (1985) and Debenham
{(1985) have been unable to obtain apparent
ages (using the regeneration technique) be-
yond ~ 120 ka with silts up to ~700 ka in age.
Al present this issue is unresolved, but the
possibility that uncorrected sensitivity changes
invalidated the regeneration technigque needs
to be tested. Large sensitivity changes can
accur with the use of the regeneration tech-
niqus (Rendel et af., 1983). Preliminary re-
sults for some North American loess (Jehnson
et al., 1985) seem to confirm that such sen-
sitivity changes are significant. Additionally,
the partial bleach technique should be ap-
plied to the problematical European sam-
ples. An alternative is to utilize only the fine
grains of quartz, though they have some un-
desirable properties, as discussed above.

Much progress has been made in the TL
dating of fine-grained water-lain sediments
through several detailed studies of known
age materiai. For example, Berger et al. (1984}
and Berger (1984, 1985a) have shown that
for such material, quartz TL was ineffactively
“zeroed” (see above discussion} whereas
feldspars were very sensitive to light. Fur-
thermote, of the present technigues, only the
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Figure 4 Additive-dose glow curves for four wall-known Holocene tephra depesits. Different v doses (in
Grays, the Sf unit of dose) have been added to unirradiated (N) samples of butk 4-11 um grains The
accepted (corrected radiccarbon) deposition ages are: 7.4-8.0 ka (Mazama}, 3.7 ka (St. Helens Yn), 1.9 or
2.5 ka (Bndge River), and A.D. 1480 (St. Helens Wn). For two of these, acceplable TL apparent ages
were measured — 7.8 = 0.5 ka for Mazama and 480 = 50 yr for Wn — partly because tor only these were

the 4-11 wm grains almaost 100% giass.
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partial bleach technique with long wave-
lengths of light (namely >550 nm) was reli-
abis. Moreover, the partial bleach technique
was able to measurs the equivalent dose
accurately only for fine-grained feldspars de-
posited at rates of about 5 mm/year or less
(e.g. Figure 5); at rates above ~10crm/year
the feldspar TL was not reset sufficiently for
this technigue to be successful (Berger,
1985a, ¢). These conclusions about the lim-
itations imposed by deposition rate must be
qualified. The 0.5c¢m and 10 cm varves of
these studies represent deposilion over a
probable interval of 4-5 months, rather than
one year, and even a rate of 24 cm/year im-
plies about 30 um/hour — sufficiently slow,
it would seem, for the TL of 5-10 um feldspar
grains to be significantly reduced. The im-
plication is that for the =10 cm silt band stud-
ied by Berger, some sedimentation process
has contrived to shield the fine-grained feld-
spars from light. Several processes — such
as flocculation, interflows and underflows —
have been suggested (Berger, 19854, c). Thin
clay bands, however, are datable.

The above wavelength dependency of
measured equivalent doses helps to explain
the unexpectedly high TL apparent ages ob-
tained for two fine-grained feldspar-domi-
nated samples by Bryant et a/. (1983), and
for one such sample of zero age by Belperio
et al. (1984).

For a fine-grained lodgment till, Berger
{1984) was unable to obtain an accurate TL
age, and concluded that this till had been
exposed to little or no light at deposition time.,
The implication is that such tills cannot be
dated by technigues which exploit the light
sensitivity of electron traps.

Some workers have applied the regener-
ation technique to 100-300 .m feldspar grains
extracted from water-lain silts and sands
(Kronborg, 1983; Mejdahl at af., 1984). Though
they obtained TL apparent ages up to
~300 ka, often in reasonable agreement with
expected deposition ages, some of these
agreements could be fortuitous because nei-
ther anomalous fading {which can lower ap-
paremt ages} nor the effects of laboratory
optical bleaching conditions (which can raise
apparent ages) were discussed. Further-
more, rigorous study of the effectiveness of
“zeroing” of the TL of such large grains in
water-lain sediments has not yet been
attempted, unlike for silt-sized material.

Large quartz grains {100 um) from coastal
maring sediments have been analyzed by
Belperio ef ai. (1984) in a comparative study
with the radiocarbon and amino acid tech-
niques. The quartz yielded excessive TL ap-
parent ages for three samples, but reasonable
apparent ages for two others. Interpretation
was hampered by a complicated sample his-
tory; some samples existed possibly as an
eclian blanket on the gulf floor before marine
inundation, while others were probably
redeposited by bottom currents from older
material of uncertain genesis.

The chronostratigraphic and paleoclimatic
importance of many buried soils and peats,
as well as the absence of direct dating tech-
niques for them beyond ~50 ka, are strong
incentives for the development of reliable TL
procadures for dating their deposition ages.
In these deposits the useful TL clocks are
the detrital feldspars. Several studies {Ber-
ger and Huntley, 1982; Divigalpitiya, 1982;
Huntley et af. 1883; Huntley, 1985) have shown
the fine silt grains from peat and the A ho-
rizans of seils to be datable with the partial
bleach technique. Generally, correction lo the
dose rate calculations for attenuation of ra-
diation by the high organic content must be
made (Divigalpitiya, 1982), in a fashion sim-
ilar to the correction for water content (e.g.
Wintle and Huntley, 1980). As well, only the
partial bleach technique should be used, with
long wavelengths of light, though Huntley
(1985) reported success for one sample
(HaRk-1) for which wavelengths as short as
~-360 nm were employed. Two serious prob-
lerns remain: how to correct for expected past
changes in walter content in peats (due to
compaction), and for past changes in U con-
centration (due to enrichment by complexing
on organics). Notwithstanding these poten-
tial limitations, a realistic minimum TL age of
480+90 ka (the sample showed uncor-
rected anomalous fading) was calculated by
Divigalpitiva (1982, see also Huntley et al.,
1983} for a thick peat layer having a enriched
radiocarbon date of ~72 ka. This sample was
about one metre above a tephra layer having
a zircon fission-track age of 840+210ka
(Easterbrook et al., 1981}

Other workers (Kronborg, 1983, Wintle et
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al., 1984; Wintle and Catt, 1985) have also
reporied TL ages for soils. Kronborg used
the 100-30 pm feldspar grains and the total
bieach technique, but did not consider anom-
alous fading nor laboratory optical bleaching
effects. Wintle and co-workers, using the fine-
grain regeneration technique with a UV com-
ponent, reported reasonable TL ages for two
soils developed on loess, though firm inde-
pendent age estimales were lacking. In the
study of Wintle and Catt (1985), however, the
burial time of one horizon was known
{~5-6 ka); the associated TL age of
4.6+0.4 ka is in reasonable agreement.

All of these studies demonstrate that bur-
ied soils and peats are very promising ma-
terials for TL dating, but the “'zeroing”
processes are not understood. It has been
suggested that the mineral grains in A hori-
zon matetial are exposed to light while they
are turned over during bioturbation (Huntley
et al., 1983). Whether that mechanism dom-
inates is unknown; very likely eolian silts are
added during the soil formation process. For
peats, mineral grains can be added to the
deposit by wind or water. The potential of
B horizon material in soils for TL dating has
not yet been adequately investigated. Wintle
and Catt (1985) observed apparent-age re-
versals in a profile of B subhorizions. The
possibility that these reversals are experi-
mental artifacts {overbleaching) needs testing.

Dating Unheated Sediments with Lasers
An exciting new technofogy for dating un-
heated sediments has recently been dem-
onstrated at Simon Fraser University (Huntley
et al., 1885). Rather than detrap electrons
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Figure 5 The measurement of equivalent dose (D,,) by the partial bleach technique lor the 2-4 pm
polymineralic grains {feldspar dominated) from a thin winter varve of a glaciolacustrine deposit. From the
plateau of Dy, values for the giow-curve temperature interval 260-320°C, a TL apparent age of 14 +2 ka

was calculated (affer Berger, 1955c¢).
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thermally (TL), this has been done optically
(Figure 8). The instant the argon ion laser
was switched on, an intense luminescence
signal was observed which decayed rapidly.
and non-exponentially. Two remarkable fea-
tures of this optically-stimuiated lumines-
cence {OSL) technique are its sensitivity and
pase of use. Extremely light-sensitive elec-
tron traps are direclly sampled; in one ex-
periment ~80% of them corresponded to
about 10 seconds of unattenuated sunlight
axposure, implying that samples with as litile
as —30 seconds of light exposure may be
datable.

The implication of this behaviour is that this
technique can measure deposition ages for
very rapidly deposited sediments, whereas
the conventional partial bleach technique (e.g.
Figure 5) is apparently restricted to material
deposited at less than a centimetre per year.
The OSL technique may also permit the use
of quartz for dating water-lain silts if the proper
laser wavelength is chosen. Even without
these possible benefits, the optical technique
is polentially revolutionary because it may
permit rapid and automated sample analysis.

Concluding Remarks
The past few years have brought several im-
portant advances lo the dating of Quaternary
deposits by luminescence: a new application
of the TL technique developed for pottery
dating, new understanding of the TL behav-
iour of minerals, refined procedures to con-
trol some of the major sources of error, and
a new technology {using lasers) for dating
unheated sediments.

it is now feasible to dale the deposition
age of tephra by utilizing the glass compo-
nent with the additive dose technique origi-
nally developed for pottery dating. For
unheated sediments such as loess, lacus-
tring silts, buried soils and peats, the last
exposure to sunlight can be dated provided
attention is paid to laboratory bleaching con-
ditions, minerat type, and the proper fitting
of curves to TL build-up data (Berger and
Lockhart, 1986). The new use of laser light
to directly sample the most light-sensitive
electron traps within unheated minerals may
displace the current use of thermally stimu-
lated luminescence (TL) and thereby revo-
lutionize the dating of unheated sediments.

Nevertheless, several problems remain.
Additional and more firmly grounded tech-
niques are needed to circumvent the peren-
nial problem of anomalous fading in some
feldspars. Work in progress may provide such
techniques. A demonstration of the useful
upper age limit of TL dating has not yet been
given for several types of sediment. Poten-
tially this limit is several hundred thousand
years, but could be greater for some, as yet
untried, minerals. Present pessimism about
the use of feldspars and quariz beyond 100-
200 ka needs to be dealt with. Finally, littie
has been said here about problems in dose-
rate calculations, but it is clear that for peats

and coarse-grained deposits such as beach
and dune sands, the dose rate could easily
vary with time. Work in progress may dem-
onstrate means to cope with this problem.
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