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TL  dating o f both  quartz  and potassium  feldspar grains from  the Pleistocene beach o f Sangatte, 
at the southern limit o f the N orth  Sea Basin, give self-consistent ages o f  200,000 ±  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) (M artinson et al., 1987). T he existence 
of a fossil beach cliff line a t 10 m above French O.D. dem onstrates that the S trait o f D over was 
open during the penultim ate interglaciation. © 1992 University  o f W ashington.

T he S angatte  ra ised  b each , lo ca ted  a t the 
edge o f th e  S tra it o f  D over (Fig. la ) , is the 
o n ly  k n o w n  s ite  ( a p a r t  fro m  H e rz e e le ; 
Som m é et al., 1978) w here  m iddle p le isto 
cene  m arine and perig lacial d eposits  inter- 
d ig ita te  a t  th e  s o u th e a s te rn  N o r th  S ea  
coastline . Such  sites a re  im p o rtan t since 
th ey  p rov ide  an o p p o rtu n ity  to  link  the  m a
rine and  te rrestria l s tra tig raphy . In  p a rticu 
lar, dating th e  beach  sand  at S angatte  en 
ables us to  pu t a  tim e co n stra in t on  the 
opening o f  the  S tra it o f  D over.

P rev ious estim ates o f  th e  age o f  the  San
g a tte  ra ised  b each  w ere  b ased  on s tra ti
g raph ie , géom orpho log ie , and  ped o stra ti- 
g raph ic  ev idence . Initially  it w as though t to 
be E em ian  (last in terg laciation) b ecause  o f 
its height above sea  level (de H einzelin , 
1966); m ore-recen t stud ies suggested  a  pre-

E em ian  age: S tage 7 (Som m é, 1977; Ba
lescu  and  H aesae rts , 1984; H aesae rts  and 
D upuis, 1986) o r stage 9 (A nto ine, 1989). 
P rev ious T L  resu lts  from  the  loess deposits 
(unit F , Fig. lb ) overly ing the  raised  beach 
(unit B , Fig. lb ) w ere  co n sis ten t w ith  tfieir 
accum ulation  during  stage 6  (B alescu, 1988; 
B alescu et al., 1988). A  recen t T L  study  of 
po tassium  (K )-feldspar from  th e  interglacial 
m a r in e  d e p o s i t  a lso  s u p p o r te d  a  p re -  
E em ian  age; how ever, it y ielded only rela
tive T L  ages becau se  o f ap p aren t long-term  
instability  o f  the  u ltrav io le t com ponen t of 
th e  fe ld sp a r T L  signal (B a le sc u  et al.,  
1991). In  th is  s tu d y , w e p r e s e n t  se lf-  
consisten t T L  age estim ates ob tained  for 
q uartz  and fo r the  b lue com ponen t o f the 
K -fe ldspar T L  signal fo r th e  P le istocene  
m arine deposit o f  Sangatte .
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F i g .  1. (a) M ap showing location o f  sites mentioned 
in the text, (b) Schem atic lithostratigraphic succession 
o f  the Sangatte section , as observed along the present- 
day cliff (after Balescu and H aesaerts, 1984).

T w o sam ples (S A N I, SA N 2) w ere col
lec ted  from  th e  S angatte  ra ised  beach , a t a 
d ep th  o f  ab o u t 15 m  (below  th e  surface) in 
the  access p it o f  th e  C hannel T unnel (for 
th e  ex ac t location  see  A nto ine , 1989, Fig. 6 , 
lay e r 1 2 ; the  sam ples w e re  tak en  from  sub 
lay e rs  12B a n d  12D, re sp ec tiv e ly ) . T his 
glauconiferous b each  sand  y ielded  only a 
s p a rs e  an d  b a d ly  p re s e rv e d  m o llu sc a n  
fau n a  o f  b o rea l a sp ec t, u n ch arac te ris tic  o f  a 
specific in terg laciation . N o  pollen  has been  
found  in the  p e a t lay e r overly ing  the  m arine 
d e p o s it . P a la e o lith ic  L e v a llo is  a r tifa c ts  
hav e  been  rep o rte d  from  the  u p p e r 1 0  cm  o f 
th e  beach  a t th is  site  (A nto ine, 1989) and 
hav e  also  b een  fo u n d  in  an  eq u iva len t posi
tio n  along th e  p resen t-d ay  c liff (Som m é, 
1977). T he overly ing  sed im en ts con ta in  tw o 
so il h o r iz o n s  (B a le s c u  a n d  H a e s a e r ts ,
1984), the  u p p e rm o st being  H o lo cen e . A 
sam ple w as also  co llec ted  from  the  nearby  
m o d em  beach  a t Sangatte .

T he p rin c ip le s  o f  th e rm o lu m in escen ce  
(TL) d a ting  have been  describ ed  recen tly  
(A itken, 1985; B erger, 1988). W hen quartz 
o r fe ld sp a r grains are  exposed  to  sunlight, 
p rev iously  acquired  T L  inform ation  is re
duced  to  a  stab le , bu t non -zero , residual 
level. A fte r being covered  by m ore-recen t 
sed im ent, the  T L  in tensity  grow s as a  resu lt 
o f  rad ia tion  exposu re . A  T L  age is derived 
from  th e  ra tio  o f  th e  accu m u la ted  dose 
(ED ) d iv ided  by  the  dose  ra te  (D). T he ED 
is de term ined  by T L  m easu rem en ts (see be
low) and  D  is derived  from  the  analysis of 
ra d io a c tiv ity  in  th e  sam p le  an d  its su r
roundings.

T he m inerals used  fo r dating th e  shallow- 
m arin e  sa n d  a re  q u a r tz  an d  K -fe ld sp a r 
coarse  grains. Q uartz  w as sep ara ted  from  
the  bulk  sam ple using heavy  liquids (2 .58- 
2.70 s.g .) and  the grains (150-250 jxm) w ere 
e tched  w ith  co n cen tra ted  H F  fo r 1 hr. Po
tassium  fe ld sp ar grains (250-300 fxm) w ere 
also sep ara ted  using heavy  liqu id  (< 2 .58  
s.g .). T he T L  m easurem ents o f q uartz  w ere 
c a rried  o u t in C am bridge  w ith  an  au to 
m ated  T L  read er (B otter-Jensen , 1988) us
ing a b lue-transm itting  C om ing  5-60 and  a 
h ea t absorb ing  filter (340-500 nm ). T he first 
fe ld spar m easu rem en ts w ere  carried  ou t in 
C am bridge w ith  a  U V -transm itting  Schott 
UG11 filte r (280-380 nm) (B alescu  e t al., 
1991). T hey  w ere  rep ea ted  in M ontreal w ith 
a n  au tom ated  D aybreak  T L  read e r using a 
b lu e - t r a n s m it t in g  C o rn in g  7 -5 9 /S c h o tt  
BG39 filter com bination  (300-500 nm). The 
E D s w ere determ ined  by  the  to ta l bleach 
m ethod (Singhvi et al., 1982).

F igure 2 show s the  resu lts  fo r the  quartz . 
A liquots w ere  each  irrad ia ted  w ith  increas
ing 7 -doses (62, 186, and  310 G y); higher 
d o ses  w ere ap p lied  bu t th e  fo rm  o f  the 
cu rve  ind icated  trap  c rea tio n  above 500 G y 
(C haw la and  Singhvi, 1989). G low  curves 
(Fig. 2a) w ere ob tained  using a  heating  ra te  
o f 5°C/sec in a  n itrogen  a tm o sp h ere . The 
residual level w as reached  a fte r 4 h r expo
sure  to  a  H önle sunlight s im ula to r (Fig. 2b). 
E ach  d a ta  p o in t co n sis ts  o f  20 re p e a te d  
m easurem ents. T he E D  w as de te rm ined  ev
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F ig . 2. (a) G low  curves for natural T L  and th at induced by additional doses o f 62, 186, and 310 Gy 
fo r qu artz  ex tracted  from  the Sangatte raised  beach (SAN 1). C om ing 5-60 filter; 5°C/sec heating rate, 
(b) N atural T L  (as in Fig. 2a) and glow curves showing the  effect of exposure to the  solar sim ulator for 
0.5, 1, 2, and 4 h r com pared with the signal from quartz from  the recent beach at Sangatte (lowest 
curve), (c) E D  fo r quartz  from SAN-1 obtained as a function o f glow curve tem perature, (d) Additive 
grow th curve fo r integrated T L  (265°-405°C).

e ry  6 °C by  exponen tia l fitting  (A pers et a l ,  
1981; B erger e t al., 1987) (Fig. 2c); th e  ED  
value  fo r th e  age equation  w as ob tained  u s
ing th e  in teg ral range o f  265° to  405°C (Fig. 
2 d) w h ich  c o rre sp o n d s  ap p ro x im ate ly  to

th e  h a lf  height o f the  T L  signal o f the  n a t
ural sam ple. This reg ion  w as u sed  since it 
con ta ined  tw o T L  peaks th a t overlap  (com 
m only re fe rred  to as th e  325° and  375°C 
peaks w ith  lifetim es o f  .MO8 y r; A itken ,
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1985). N o  p reh ea tin g  trea tm en t w as p er
fo rm e d . N o  a n o m a lo u s  fad in g  w as o b 
se rv ed  in th is  te m p e ra tu re  range a fte r 6  

m onths.
Sim ilar irrad ia tion  and T L  m easurem ent 

p rocedures w ere  carried  ou t on the  K-feld- 
sp ar grains in b o th  C am bridge (B alescu et 
a l . ,  1991) a n d  M o n tre a l  (B a le sc u  and  
L am othe , in p ress). F igu re  3 show s the  re 
su lts fo r the K -fe ld spars ob tained  in M on
trea l. F o r  each  sam ple, SAN1 and  SA N 2, 
rep licate  ED  de te rm ina tions have been  p er
fo ra ted . R e p re se n ta tiv e  glow  cu rv es and 
grow th cu rve  fo r K -fe ldspars are  show n in 
F igures 3a and  3b, respective ly . T he resid 
ual T L  level w as reach ed  after 8 h r expo
su re  to  na tu ra l sunlight. T h e  ED  value for 
the  age equation  is averaged  in the  tem per
a tu re  range b e tw een  290° and  340°C. N o 
anom alous fading w as found . N o  correc tion  
fo r long-term  fading (M ejdahl, 1988, 1989) 
has been  m ade.

T he resu lts  o f  the  rad ioactiv ity  and  T L  
analyses a re  re p o rte d  in T ab les 1 and  2, re
spectively . S im ilar m easu rem en ts  fo r the 
q u artz  from  the  m o d em  b each  at Sangatte 
gave an  age o f  < 4 0 0  yr w hich  agrees w ith 
an  age o f  <600  y r ob ta ined  using the  re 
cen tly  developed  optica l dating  m ethod  for 
a  re c e n t b e a c h  san d  from  the  sam e site  
(Sm ith e t al., 1990). T h is confirm s the  as

sum ption th a t  P le istocene  beach  sands are 
easily  b leach ed  dow n  to  a  res id u a l level 
w hich is v e ry  c lose to the  levels ob serv ed  in 
a m o d e rn  sa m p le  (F ig . 2 b ). T h is  w as 
ach ieved  in q u artz  a fte r abou t 4 h r expo
sure w ith a  sunlight sim ulato r (w hich co r
responds to  ab o u t 18 h r sunlight) and  in 
K -feldspars after 8  h r  exposu re  to  natural 
sunlight. L o n g er b leaching did no t signifi
cantly  affect the  residual level. T he natural 
T L  o f th e  m odern  fe ld sp ar sam ple from  
Sangatte  w as less th an  6%  o f  th e  natu ra l T L  
fo r th e  o ld e r b each  sand . T his w as also 
found  fo r o th e r  sands in th is a rea  (Balescu 
et al., 1991).

T he ex ternal ß -dose ra te  and the  env iron
m ental 7 -dose ra te  w ere  deduced  from  7  

spectrom etric  analysis, neu tron  activation  
analysis, o r p lasm a-em ission  analyses (Ta
ble 1). D ose ra tes  w ere  o b ta ined  using con
version  fac to rs (N am bi and  A itken , 1986). 
A llow ances w ere  m ade fo r ß a tten u a tio n  
(M ejdahl, 1979). D ose ra te  va lues w ere  cor
rec ted  fo r m easu red  w a te r co n ten ts  ( 1 0  ±  
5%) and  cosm ic dose  ra tes  w ere  estim ated  
from  the  burial dep th  o f  the  sam ples (Pres
co tt and  H u tto n , 1988). T he in ternal U  and 
T h con ten ts o f  the  q u artz  grains w ere  de
rived from  neu tron  ac tiva tion  analysis; the 
in ternal K  co n ten t o f  the  K -fe ldspar grains 
w as d e te rm in ed  e ith e r using  a R iso  GM
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F ig . 3. (a) Glow curves fo r natural T L  and that induced by additional doses o f 144, 383, 766, and 
1153 Gy fo r K -feldspar from  SAN-1; R indicates residual T L  signal after 8  h r exposure to natural 
sunlight. C om ing 7-59/Schott BG39 filter com bination; 2°C/sec heating ra te , (b) A dditive grow th curve 
for the sam e K -feldspar subsam ple as in a. The T L  signal is m easured a t 320°C.
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m ulticounter system  (Botter-Jensen and  M e
jdah l, 1988) or by plasm a-em ission analysis.

D ue to  the  v e ry  low  rad ioactive conten t 
o f  the  P leistocene beach  sand , th e  natural 
T L  level o f the  q u a rtz  grains has no t yet 
re a c h e d  s a tu ra tio n , and  th u s  an  age o f 
229,000 ±  18,000 y r  can  be ob tained . This 
co n trasts  w ith  the  prev ious underestim ated  
T L  age estim ate  (130,000 ±  17,000 yr) o b 
ta ined  by  B alescu et al. (1991) fo r the  S an
gatte  ra ised  b each , using the  U V  com po
nen t o f th e  K -feldspar T L  signal. T h is p ro b 
lem  o f  ag e  u n d e re s t im a t io n  h a s  b e e n  
recen tly  overcom e by the  use o f  a  blue- 
transm itting  filter (B alescu and L am o th e , in 
press). A s show n in T able 2, the  b lue  com 
ponen t o f  the  K -feldspar T L  signal fo r both  
sam ples (SAN1 an d  SAN2) yielded signifi
can tly  h igher T L  age estim ates (200,000 ±  
45,000, and  204,000 ±  14,000 yr, resp ec
tively). T hey  are self-consisten t and  show  
good agreem ent w ith  the q uartz  T L  age es
tim ate . T h is clearly  dem onstra tes th a t in
te rn a lly  c o n s is te n t T L  ages m ay  be o b 
ta ined  from  th e  q u a rtz  and the  K -feldspar 
frac tio n s  o f a  M idd le  P le is to cen e  b each  
sand.

M oreover, these  new  self-consisten t T L  
age estim ates suggest a  clear co rre la tion  of 
the  S angatte  raised beach  w ith oxygen/iso
to p e  stage 7. H ow ever, the  assoc ia ted  e r
ro rs  do no t allow  a  fu rth e r classification  
in to  one o f  the  substages. T h ese  resu lts  
confirm  th e  investigations o f  Som m é (1977) 
and  B alescu  and H aesaerts  (1984) w ho a t
tribu ted  th e se  deposits to  the  penultim ate 
in te rg la c ia tio n , b u t  c o n tra d ic t  A n to in e  
(1989) w ho  derived a  stage 9 assignm ent on 
the  basis o f  the  o ccu rrence  o f an additional 
soil h o rizo n  w hich  w as a lso  fo u n d  a t a 
nearby  site . T here  is no ev idence th a t this 
soil is interglacial and  it m ay be equivalen t 
to  the  V aux soil (H aesaerts et al., 1981) re 
po rted  from  the  m id-W eichselian a t H ar- 
m ignies, Belgium .

T hese  T L  resu lts suggest a  co rre la tion  o f 
th e  S angatte  ra ised  beach  w ith th e  strato- 
ty p e  fo r th e  stage 7 high sea-level even t in 
so u th ern  B ritain  rep resen ted  by  th e  raised
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TA B LE 2 . ED  a n d  T L  A g e  E s t i m a t e s

M ineral Filter L aboratory ED  (Gy)
T L  age estim ates 

(IO3 yr)

SAN1
K -feldspar Schott UG11 C 105 ±  12° 130 ±  17°

C om ing 7-59 +  Schott BG39 M 165 ±  35 200 ±  45
Q uartz C om ing 5-60 C 93 ±  5 229 ±  18

SAN2
K -feldspar C om ing 7-59 +  Schott BG39 M 196 ±  5 205 ±  14

a Previously reported  in Balescu and Lam othe (in press), uncorrected  for the  residual level. C or M: Cam 
bridge o r M ontréal.

b each  o f  M inchin  H ole  C ave (G ow er) along 
th e  B risto l C h anne l, da ted  to  stage 7 by the 
am ino acid  geochrono logy  (B ow en et al., 
1985; B o w en  a n d  S y k e s , 1988). O th e r  
b each es th a t hav e  stage 7 am ino acid ratios 
a re  Portland  W est (D avies and K een , 1985) 
a n d 'H o p e ’s N o se  T o rq u ay  (B ow en et a i ,  
1985; M o tte rsh ead  e t  al., 1987) w hose sug
g ested  sea  levels (11 and 10.5 m , resp ec
tively) a re  c lo se  to  th a t o f  Sangatte.

T h e  p re s e n t  s tu d y  c o n firm s  the  p re- 
E em ian  age o f  th e  S angatte  ra ised  beach  
and  d em o n stra te s  the  ex istence , along the 
so u th eas te rn  co a s t o f  the  N o rth  Sea B asin, 
o f  a  high sea-level s tan d  th a t can  be co rre 
la ted  w ith  oxygen  iso tope  stage 7. The p re s
ence  o f  a  stage 7 b each  a t  Sangatte  dem on
s tra te s  th a t the  S tra it o f D o v er w as already 
open  by  this tim e , in ag reem ent w ith the 
p ro p o sa l by S om m é et al. (1978) and Gib- 
b a rd  (1988) o f  a  m iddle P leistocene age for 
th e  channel open ing . M oreover, this study 
d em o n stra te s , fo r th e  first tim e, the possi
b ility  o f  o b ta in in g  se lf-co n s is ten t q u artz  
and  fe ld sp ar T L  ages on m iddle P leistocene 
b each  sand . T h u s, T L  dating o f bo th  quartz  
and  K -fe ld spar open s the w ay fo r estab lish 
ing a  chrono logy  fo r nonfossiliferous Pleis
to cen e  ra ised  b each es , p rov ided  th a t the 
T L  signals a re  no t in sa tu ra tio n  and  th a t the 
b lue em ission o f  K -fe ld spars is u sed  fo r da t
ing.
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