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TL dating of both quartz and potassium feldspar grains from the Pleistocene beach of Sangatte,
at the southern limit of the North Sea Basin, give self-consistent ages 0f200,000 £ 45,000, 205,000
+ 14,000, and 229,000 + 18,000 years, respectively. These results allow the beach deposits to be
correlated with oxygen isotope stage 7 (244,000-190,000 yr) (Martinson et al., 1987). The existence
of a fossil beach cliff line at 10 m above French O.D. demonstrates that the Strait of Dover was

open during the penultimate interglaciation.

The Sangatte raised beach, located at the
edge of the Strait of Dover (Fig. la), is the
only known site (apart from Herzeele;
Sommé et al.,, 1978) where middle pleisto-
cene marine and periglacial deposits inter-
digitate at the southeastern North Sea
coastline. Such sites are important since
they provide an opportunity to link the ma-
rine and terrestrial stratigraphy. In particu-
lar, dating the beach sand at Sangatte en-
ables us to put a time constraint on the
opening of the Strait of Dover.

Previous estimates of the age of the San-
gatte raised beach were based on strati-
graphie, géomorphologie, and pedostrati-
graphic evidence. Initially it was thought to
be Eemian (last interglaciation) because of
its height above sea level (de Heinzelin,
1966); more-recent studies suggested a pre-
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Eemian age: Stage 7 (Sommé, 1977; Ba-
lescu and Haesaerts, 1984; Haesaerts and
1986) or stage 9 (Antoine, 1989).
Previous TL results from the loess deposits
(unit F, Fig. 1b) overlying the raised beach
(unit B, Fig. Ib) were consistent with tfieir
accumulation during stage 6 (Balescu, 1988;
Balescu ef al., 1988). A recent TL study of
potassium (K)-feldspar from the interglacial
marine deposit also supported a pre-
Eemian age; however, it yielded only rela-
tive TL ages because of apparent long-term
instability of the ultraviolet component of
the feldspar TL signal (Balescu et al,
1991). In this study, we present self-
consistent TL age estimates obtained for

Dupuis,

quartz and for the blue component of the
K-feldspar TL signal for the Pleistocene
marine deposit of Sangatte.
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Fig. 1. (a) Map showing location o f sites mentioned
in the text, (b) Schematic lithostratigraphic succession
ofthe Sangatte section, as observed along the present-
day cliff (after Balescu and Haesaerts, 1984).

Two samples (SANI, SAN2) were col-
lected from the Sangatte raised beach, at a
depth of about 15 m (below the surface) in
the access pit of the Channel Tunnel (for
the exact location see Antoine, 1989, Fig. ¢,
layer 12;the samples were taken from sub-
12B and 12D, respectively). This
glauconiferous beach sand yielded only a
sparse and badly preserved molluscan

layers

fauna ofboreal aspect, uncharacteristic ofa
specific interglaciation. No pollen has been
found in the peat layer overlying the marine
deposit. Palaeolithic Levallois artifacts
have been reported from the upper 10 cm of
the beach at this site (Antoine, 1989) and
have also been found in an equivalent posi-
tion along the present-day cliff (Sommé¢,
1977). The overlying sediments contain two
soil horizons (Balescu and Haesaerts,
1984), the uppermost being Holocene. A
sample was also collected from the nearby
modem beach at Sangatte.
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The principles of thermoluminescence
(TL) dating have been described recently
(Aitken, 1985; Berger, 1988). When quartz
or feldspar grains are exposed to sunlight,
previously acquired TL information is re-
duced to a stable, but non-zero, residual
level. After being covered by more-recent
sediment, the TL intensity grows as a result
of radiation exposure. A TL age is derived
from the ratio of the accumulated dose
(ED) divided by the dose rate (D). The ED
is determined by TL measurements (see be-
low) and D is derived from the analysis of
radioactivity in the sample and its sur-
roundings.

The minerals used for dating the shallow-
marine sand are quartz and K-feldspar
coarse grains. Quartz was separated from
the bulk sample using heavy liquids (2.58-
2.70 s.g.) and the grains (150-250 jxm) were
etched with concentrated HF for 1 hr. Po-
tassium feldspar grains (250-300 fxm) were
also separated using heavy liquid (<2.58
s.g.). The TL measurements of quartz were
carried out in Cambridge with an auto-
mated TL reader (Botter-Jensen, 1988) us-
ing a blue-transmitting Coming 5-60 and a
heat absorbing filter (340-500 nm). The first
feldspar measurements were carried out in
Cambridge with a UV-transmitting Schott
UGI11 filter (280-380 nm) (Balescu et al.,
1991). They were repeated in Montreal with
an automated Daybreak TL reader using a
blue-transmitting Corning 7-59/Schott
BG39 filter combination (300-500 nm). The
EDs were determined by the total bleach
method (Singhvi et al., 1982).

Figure 2 shows the results for the quartz.
Aliquots were each irradiated with increas-
ing 7-doses (62, 186, and 310 Gy); higher
doses were applied but the form of the
curve indicated trap creation above 500 Gy
(Chawla and Singhvi, 1989). Glow curves
(Fig. 2a) were obtained using a heating rate
of 5°C/sec in a nitrogen atmosphere. The
residual level was reached after 4 hr expo-
sure to a Honle sunlight simulator (Fig. 2b).
Each data point consists of 20 repeated
measurements. The ED was determined ev-
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F1G.2. (a) Glow curves for natural TL and that induced by additional doses of 62, 186, and 310 Gy
for quartz extracted from the Sangatte raised beach (SAN 1). Coming 5-60 filter; 5°C/sec heating rate,
(b) Natural TL (as in Fig. 2a) and glow curves showing the effect of exposure to the solar simulator for
0.5, 1, 2, and 4 hr compared with the signal from quartz from the recent beach at Sangatte (lowest
curve), (¢) ED for quartz from SAN-1 obtained as a function of glow curve temperature, (d) Additive
growth curve for integrated TL (265°-405°C).

ery 6°C by exponential fitting (Apers et al, the half height of the TL signal of the nat-
1981; Berger et al., 1987) (Fig. 2c); the ED  ural sample. This region was used since it
value for the age equation was obtained us- contained two TL peaks that overlap (com-
ing the integral range of 265° to 405°C (Fig. monly referred to as the 325° and 375°C
2d) which corresponds approximately to peaks with lifetimes of .MOs yr; Aitken,
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1985). No preheating treatment was per-
formed. No anomalous fading was ob-
served in this temperature range after ¢
months.

Similar irradiation and TL measurement
procedures were carried out on the K-feld-
spar grains in both Cambridge (Balescu et
al., 1991) and Montreal (Balescu and
Lamothe, in press). Figure 3 shows the re-
sults for the K-feldspars obtained in Mon-
treal. For each sample, SAN1 and SAN2,
replicate ED determinations have been per-
forated. Representative glow curves and
growth curve for K-feldspars are shown in
Figures 3a and 3b, respectively. The resid-
ual TL level was reached after 8 hr expo-
sure to natural sunlight. The ED value for
the age equation is averaged in the temper-
ature range between 290° and 340°C. No
anomalous fading was found. No correction
for long-term fading (Mejdahl, 1988, 1989)
has been made.

The results of the radioactivity and TL
analyses are reported in Tables 1and 2, re-
spectively. Similar measurements for the
quartz from the modem beach at Sangatte
gave an age of <400 yr which agrees with
an age of <600 yr obtained using the re-
cently developed optical dating method for
a recent beach sand from the same site
(Smith et al., 1990). This confirms the as-
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sumption that Pleistocene beach sands are
easily bleached down to a residual level
which is very close to the levels observed in
a modern sample (Fig. 2b). This was
achieved in quartz after about 4 hr expo-
sure with a sunlight simulator (which cor-
responds to about 18 hr sunlight) and in
K-feldspars after 8 hr exposure to natural
sunlight. Longer bleaching did not signifi-
cantly affect the residual level. The natural
TL of the modern feldspar sample from
Sangatte was less than 6% ofthe natural TL
for the older beach sand. This was also
found for other sands in this areca (Balescu
et al., 1991).

The external B-dose rate and the environ-
mental 7-dose rate were deduced from 7
spectrometric analysis, neutron activation
analysis, or plasma-emission analyses (Ta-
ble 1). Dose rates were obtained using con-
version factors (Nambi and Aitken, 1986).
Allowances were made for B attenuation
(Mejdahl, 1979). Dose rate values were cor-
rected for measured water contents (10 =+
5%) and cosmic dose rates were estimated
from the burial depth of the samples (Pres-
cott and Hutton, 1988). The internal U and
Th contents of the quartz grains were de-
rived from neutron activation analysis; the
internal K content of the K-feldspar grains
was determined either using a Riso GM

R - Residual (8 hrs)

500 1000

EDsi0.c -141 £ 13 Gy Y dose (Gy)

Fig. 3. (a) Glow curves for natural TL and that induced by additional doses of 144, 383, 766, and
1153 Gy for K-feldspar from SAN-1; R indicates residual TL signal after 8 hr exposure to natural
sunlight. Coming 7-59/Schott BG39 filter combination; 2°C/sec heating rate, (b) Additive growth curve
for the same K-feldspar subsample as in a. The TL signal is measured at 320°C.
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multicounter system (Botter-Jensen and Me-
jdahl, 1988) or by plasma-emission analysis.

Due to the very low radioactive content
of the Pleistocene beach sand, the natural
TL level of the quartz grains has not yet
reached saturation, and thus an age of
229,000 + 18,000 yr can be obtained. This
contrasts with the previous underestimated
TL age estimate (130,000 + 17,000 yr) ob-
tained by Balescu et al. (1991) for the San-
gatte raised beach, using the UV compo-
nent of the K-feldspar TL signal. This prob-
lem of age underestimation has been
recently overcome by the use of a blue-
transmitting filter (Balescu and Lamothe, in
press). As shown in Table 2, the blue com-
ponent of the K-feldspar TL signal for both
samples (SAN1 and SAN2) yielded signifi-
cantly higher TL age estimates (200,000 +
45,000, and 204,000 £ 14,000 yr, respec-
tively). They are self-consistent and show
good agreement with the quartz TL age es-
timate. This clearly demonstrates that in-
ternally consistent TL ages may be ob-
tained from the quartz and the K-feldspar
fractions of a Middle Pleistocene beach
sand.

Moreover, these new self-consistent TL
age estimates suggest a clear correlation of
the Sangatte raised beach with oxygen/iso-
tope stage 7. However, the associated er-
rors do not allow a further classification
into one of the substages. These results
confirm the investigations of Sommé (1977)
and Balescu and Haesaerts (1984) who at-
tributed these deposits to the penultimate
interglaciation, but contradict Antoine
(1989) who derived a stage 9 assignment on
the basis of the occurrence of an additional
soil horizon which was also found at a
nearby site. There is no evidence that this
soil is interglacial and it may be equivalent
to the Vaux soil (Haesaerts et al., 1981) re-
ported from the mid-Weichselian at Har-
mignies, Belgium.

These TL results suggest a correlation of
the Sangatte raised beach with the strato-
type for the stage 7 high sea-level event in
southern Britain represented by the raised
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TABLE 2. ED and TL Age Estim ates

Mineral Filter
SANI1
K-feldspar Schott UG11
Coming 7-59 + Schott BG39
Quartz Coming 5-60
SAN2
K-feldspar Coming 7-59 + Schott BG39

TL age estimates

Laboratory ED (Gy) (I03 yr)
C 105 + 12° 130 + 17°
M 165 + 35 200 + 45
C 93 + 5 229 + 18
M 196 + 5 205 + 14

a Previously reported in Balescu and Lamothe (in press), uncorrected for the residual level. C or M: Cam-

bridge or Montréal.

beach of Minchin Hole Cave (Gower) along
the Bristol Channel, dated to stage 7 by the
amino acid geochronology (Bowen et al.,
1985; Bowen and Sykes, 1988). Other
beaches that have stage 7 amino acid ratios
are Portland West (Davies and Keen, 1985)
and'Hope’s Nose Torquay (Bowen ef ai,
1985; Mottershead et al., 1987) whose sug-
gested sea levels (11 and 10.5 m, respec-
tively) are close to that of Sangatte.

The present study confirms the pre-
Eemian age of the Sangatte raised beach
and demonstrates the existence, along the
southeastern coast of the North Sea Basin,
of a high sea-level stand that can be corre-
lated with oxygen isotope stage 7. The pres-
ence of a stage 7 beach at Sangatte demon-
strates that the Strait of Dover was already
open by this time, in agreement with the
proposal by Somm¢ et al. (1978) and Gib-
bard (1988) of a middle Pleistocene age for
the channel opening. Moreover, this study
demonstrates, for the first time, the possi-
bility of obtaining self-consistent quartz
and feldspar TL ages on middle Pleistocene
beach sand. Thus, TL dating of both quartz
and K-feldspar opens the way for establish-
ing a chronology for nonfossiliferous Pleis-
tocene raised beaches, provided that the
TL signals are not in saturation and that the
blue emission of K-feldspars is used for dat-
ing.
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