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T h erm o lu m in esc en ce  (TL) age es tim ates have been  ob ta in ed  on  coarse -g ra in ed  detrita l fe ld spar 
from  E em ian  beach  sand  (substage  5<?), early  W eichselian  d u n e  san d s (substages 5d  and  5b), and  
p re -E em ian  b each  san d . T he past rad ia tion  dose  is o b ta in ed  using  the ad d itiv e  dose  m eth o d . E ven  
fo r  th e  o ld es t sam p les, w hich  d a te  to 300,000 y r  B .P . by o th e r  m eth o d s, th e  T L  signal is no t in 
sa tu ra tio n  and  can  b e  doub led  by  th e  add ition  o f  la b o ra to ry  rad ia tion  doses w ithou t sa tu ra tio n  
being  ach iev ed . T his is c o n tra s te d  w ith th e  b eh av io r o f  po lym inera l, s ilt-sized  grains from  loess in 
th e  a d ja c e n t a re a . T h e  T L  age e s tim ates a re  sy s tem atica lly  u n d e restim ated  by ab o u t 40%  w hen 
co m p ared  w ith  th e  ex p ec ted  geological ages. H o w ev er, th ey  a re  in c o r re c t stra tig rap h ie  o rd e r and 
d e m o n s tra te  th a t  stage 5 b each  d ep o sits  can  be  d istingu ished  from  th o se  resu lting  from  ea rlie r high 
Sea levels using  T L  signals from  p o tassium  fe ld sp ars . © 1991 Uni vers i ty of Washingt on.

INTRODUCTION

F o r the  last tw o decades, u ran iu m -th o r­
ium , e lec tron  sp in  resonance, and amino- 
acid racem ization  dating techniques have 
provided Q u ate rn ary  geologists w ith ages 
from  w hich m ost o f  the cu rren t P leistocene 
sh o re lin e  g e o c h ro n o lo g y  h as  e v o lv e d . 
T h ese  d a ting  tech n iq u es  re ly , how ever, 
upon  finding ap p ro p ria te  m ateria l in situ  
(e .g ., m olluscs o r corals) and are therefore 
confined to fossiliferous raised beaches. By 
co n trast, the therm olum inescence (TL) da t­
ing techn ique for clastic sedim ents (W intle 
and H u n tley , 1982) is applied  to  detrital 
m inerals (e .g ., quartz  and  feldspars) and 
should therefo re  offer the potential to date

1 P re se n t a d d re ss : C am bridge  U n iv ersity , G eogra­
phy  D ep a rtm en t, U K .

ra ised  beaches th a t lack faunal rem ains. 
T he objective o f the  presen t w ork  is to test 
this hypothesis by  applying the  T L  dating 
m ethod to shallow  m arine sed im ents from 
w ell s tud ied  ea rly  W eichselian , E em ian, 
and pre-E em ian  coasta l sites, in n o rthw est­
e rn  F ran ce  and the C hannel Islands, lo­
c a te d  a long  th e  e a s te rn  m arg ins o f  the 
N orth  S ea  and th e  English C hannel.

R e c e n t a d v a n c e s  in T L  m e th o d o lo g y  
have been  com prehensively  rev iew ed by 
B erger (1988). T herm olum inescence  dating 
m ethods can be applied to e ith e r quartz  or 
fe ldspar grains. T he ex trac tio n  and m ea­
su rem en t o f fe ld spars from  burn t stones 
from  a rchaeo log ica l sites have been  d e ­
scribed  by M ejdahl (1985a). T he sam e sam ­
ple p reparation  m ethods and  a  sim ilar ap­
proach  (M ejdahl, 1985b, 1986) have been 
used for the dating o f aeolian sands in Den­
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m ark (K olstrup  and M ejdahl, 1986). Their 
study  provided ages o f  40,000 to 17,000 yr 
by com bining the da ta  for both  m inerals. 
H ow ever, they dem onstrated  that the up­
p er age limit for dating using quartz  from 
th a t environm ent was less than  70,000 yr 
b ecau se  o f  the  re latively  low  sa tu ra tio n  
level fo r the quartz signal. Only for dunes 
from  sou theastern  A ustralia, w here the ra­
dioactive con ten t o f the sands is very  low, 
has separa tion  o f interglacial deposits o f 
d ifferent ages on the basis o f T L  m easure­
m ents been achieved using quartz  grains 
(H untley  et a i ,  1985; G ardner et al., 1987; 
R eadhead , 1988). F o r sam ples o lder than 
abou t 70,000 y r in an environm ent contain­
ing several ppm  of U and Th and abou t 1% 
K 20  (as found in northern E urope), the T L  
signal from  quartz  is in saturation . Instead  
p o tassiu m  feldspars have been  used  b e ­
cause o f  the ir higher sa turation  level; this 
w ould resu lt in a  dating limit o f abou t one 
million yr in this environm ent.

M ejdahl (1988) has proposed that the  up ­
per lim it o f T L  dating applied to the alkali 
fe ldspar fraction  is determ ined by the long­
term  stability  o f  the T L  signal ra th e r than 
by its sa turation  level. In his study  o f  T er­
tiary  sands, M ejdahl (1986) found ages in 
the  reg ion  o f  300,000-500,000 y r, ra th e r  
than  700,000 to 2,000,000 y r p red icted  from  
the  s tra tig rap h y . H e conc luded  th a t the 
ages w ere underestim ated  as a  re su lt o f 
slow , long-term  therm al decay  (M ejdahl, 
1989). H e found an apparen t m ean life of 
abou t 700,000 yr for the higher tem pera tu re  
signal (300-350°C) and concluded th a t c o r­
rections o f  about 4, 8, and 20% w ould need 
to be applied to T L  ages o f 50,000, 100,000, 
and 200,000 yr, respectively. T hese  devia­
tio n s  fro m  th e  k n ow n  ag es c a n n o t be 
checked  in this tim e region because  they 
are  o f  the sam e m agnitude as the uncer­
ta in ty  in the geological age.

In a s tudy  o f potassium  feldspars from  
sandy loess in N ebraska, C anfield (1985) 
found th a t the  T L  age estim ates w ere con­
siderab ly  underestim ated  fo r sam ples re ­
lated  to  a volcanic ash bed th a t had been

co rre la ted  with the  600,000-yr-old Pearle tte  
ash .

In con trast to the  results o f K olstrup  and 
M ejdahl (1986), recen t stud ies o f younger 
sands from  D enm ark (G rün et al., 1989) and 
the N e th e rlan d s  (D ijkm ans et a l., 1988) 
gave T L  age estim ates fo r the po tassium  
feldspar ex trac ts  th a t w ere up to 40% less 
than  the geological ages based  on rad io car­
bon  dates.

W ith the above results clearly  in m ind, 
w e se t ou t to test (a) w hether we could  ob ­
tain abso lu te  ages in agreem ent w ith the  ex­
p e c te d  g e o lo g ic a l ag es  and  (b) if n o t, 
w hether we could use the T L  resu lts to  d is­
c rim inate  betw een  beach sed im ents from  
differen t interglacial periods.

NATURE AND STRATIGRAPHIC 
POSITION OF THE SAMPLES

E arly  W eich se lian , E e m ia n , an d  p re- 
E em ian sam ples w ere  co llec ted  from  six 
key  m arine sec tio n s w ith in  fo u r d is tinc t 
geographic areas: Sangatte  and  H erzee le  in 
n o r th e rn  F ra n c e , P o rt R a c in e  in N o r ­
m andy, N anto is in B rittany , and B elcroute 
and Portele t on the island o f  Je rsey  (Fig. 1). 
The sites w ere chosen  because o f the ir geo­
graphic  p roxim ity  and sim ilarity  to sites 
prev iously  studied by B alescu (1988). A part 
from  H erzeele , the sites a re  beyond  the 
geographic a rea  covered  by the am ino acid 
study  carried  ou t by M iller and  M angerud
(1985). T he m a rin e  d e p o s its  a re , in all 
cases , in terdig itated  w ith continen ta l sed i­
m e n ts  ( e .g .,  l i t to ra l  d u n e  s a n d , lo e s s , 
heads, peat) and palaeosols (Fig. 2). Post- 
depositional décalcification  o f  th ese  m arine 
deposits, induced by the developm ent o f  in­
terglacial soils, o r the noncalcareous natu re  
o f  the bedrock  geology m eans th a t few  of 
these  P leistocene raised  beaches are  fossil- 
iferous. T heir chronology relies m ostly  on 
s tra tig ra p h ie  an d  g e o m o rp h ic  e v id e n c e  
w ith , how ever, som e references to abso lu te  
d a te s  p ro v id e d  by in d e p e n d e n t d a tin g  
m ethods (i.e ., U /T h, ESR , and  am ino acid 
d ates o f in situ  m arine shells) and to feld-
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spar T L  relative dates obtained fo r the in- 
terd ig ita ted  Saalian and W eichselian loess 
deposits using the T L  relative dating tech ­
nique developed by Balescu (1988) and  B a­
lescu et al. (1988). This relative dating tech ­
nique could not be used for this p ro jec t for 
reasons discussed later.

T he stratigraphie position o f  the sam ples 
is show n in Figure 2. We sam pled E em ian 
and  pre-E em ian  m arine deposits  at S an ­
g a tte , H e rz e e le , P o rt R ac in e , and  B el- 
c ro u te ; m ost o f w hich w ere deposited  in a 
shallow  m arine environm ent. In addition, 
we also sam pled the early W eichselian lit­
to ral dune sands o f  N antois, P orte le t, and 
B elcroute  since aeolian sedim ents are con­
sidered  the m ost reliable m aterial for T L  
dating (W intle and H untley , 1982; M ejdahl 
and  W intle, 1984; Singhvi and  M ejdahl, 
1985). Surface sam ples were also collected  
from  the m odern shallow  m arine sedim en- B3 
tary  environm ent, at P orte le t, B elcrou te , 
and Sangatte, in o rd er to  check  the near­
zero  T L  age o f beach  sand at deposition .
T he sam ples can be classified according to 
the ir presum ed age:
M odern beach  sed im ents
PO R , B ER, SAR: C oarse sand  co llected  on
the m odern  beaches o f P orte let, B elcroute,

and Sangatte from  the  fo reshore  zone. 
E em ian and  early W eichselian sed im en ts  
(130,000-74,000 yr)
Belcroute
B2 N o n fo ssilife ro u s and  n o n ca lca re -  

ous coarse  sand ; co llected  from  the 
B elcroute ra ised  beach  culm inating 
8-m altitu d e  (based on  m ean  sea  
level). The la tte r is co rre la ted  to  the 
E em ian  ( i .e .,  su b s tag e  5 e ; M an- 
gerud et a l., 1979 and M angerud , 
1989) on s tra tig rap h ie , p édo log ie  
and geom orphic ev idence (L autri- 
d o u e t  a l., 1986a). Ind irec t geochro- 
nologic con tro l is p rovided  by the 
U /Th da tes o f  trav e rtin e  and  the 
am ino acid dates of shells from  the 
adjacent “ 8 m ”  raised beach  o f  the 
Belle H ougue Cave (K een  et a l., 
1981).
N o n c a lc a re o u s  c o a rse  sa n d  c o l­
lected  from  the littoral dune sand 
lying on to p  o f  the E em ian  beach  
deposit; th is dune co n ta in s  in te r­
stratified pedogenetic ho rizons th a t 
are co rrelated  w ith S ain t G erm ain  I 
and  S ain t G erm ain  II  ( i .e . ,  su b ­
stages 5c and  5a; W oillard, 1978) 
according to  Van V liet-L anoë  (V an
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7 U n c e r t a i n  c h r o n o s t r a t i g r a p h i c  
p o s i t i o n

*■ T L  s a m p l e s

V lie t-L anoë, 1986; L au tridou  et al., 
1986a). T he T L  sam ple cam e from  a 
layer o f  dune sand deposited  during 
the re tre a t from  the m axim um  sea 
level; it is assigned by Van Vliet- 
L anoë to M elisey I (i.e ., substage 
5 d).

P ortelet
PI N o n c a lc a re o u s  c o a rse  san d  co l­

lected  from  the early  W eichselian 
d u n e  san d  overly in g  the E em ian  
pebble beach  deposits of Porte let 
(8-m a ltitude) w hich is co rre la ted  
w ith  th e  ea rly  W eichselian  (su b ­
stage 5d) dune  o f B elcroute  (L au tri­
dou  et a l., 1986a).

P ort R acine
PRAC N o n fo ss ilife ro u s  and  n o n c a lc a re ­

ous co a rse  sand from  the  Port R a­

c ine raised beach  culm inating at 5- 
m altitude (relative to  “ N iveau Gén­
éra l F ra n ç a is”  (N G F ) o r F ren ch  
m ean  sea level). T h is  beach is as­
signed to the E em ian  (i.e ., substage 
5e) on stra tig raphie , pédologie, and 
geom orph ic  ev id en ce  (L au trid o u , 
1985; L autridou  et a l., 1986a).

N a nto is
N A N  N o n c a lc a re o u s  c o a rse  san d  co l­

lec ted  from  the early  W eichselian 
dune sand  (L au tridou  e t al., 1986a); 
th e  layer investigated  is assigned to 
M elisey II (substage 5b) (V an Vliet- 
L an o ë  in L autridou  et a l., 1986a). 

P re-E em ian  sed im ents  ( > 200,000 yr)
T he p re -E em ian  sam ples w ere  co llec ted  
from  the m iddle P leistocene m arine stra ti­
g rap h ie  u n its  o f  S an g a tte  and  H erzee le
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(northern  F rance). Both definitely predate  
the E em ian interglaciation but the ir corre­
lation with e ither stage 7 or 9 o f the deep 
sea oxygen iso tope record rem ains prob­
lem atic.
S anga tte
SA N G  G lau co n ife ro u s co arse  sand  w ith 

sparse  shell fragm ents. The sam ple 
was co llected  in the access pit for 
the  C hannel Tunnel (for exact loca­
tion  see A ntoine (1989); Figure 3, 
layer 12). The raised  beach  at San­
ga tte  (culm inating a t nearly  10 m 
above N G F) lies on chalky bedrock  
and is overlain  by a  nonpollenifer- 
ous pea t layer (Som m é, 1977; Ba­
lescu and  H aesaerts , 1984). It is as­
signed to  a  pre-Eem ian interglaci­
ation  on stra tig raph ie , pédologie, 
and  geom orphic ev idence (Balescu 
and H aesae rts , 1984). H ow ever, its 
co rre la tion  w ith stage 7 o r 9 o f the 
deep -sea  iso tope record  is no t un­
am b ig u o u s ly  e s ta b lish e d . I t  has 
b e e n  te n ta tiv e ly  c o rre la te d  w ith  
stage 7 by  H aesaerts  and D upuis
(1986).

H erzeele
T h e  H e rz e e le  m arin e  fo rm a tio n  
(culm inating at 12 m above N G F) 
rests  on  T ertiary  clayey sedim ent. ' 
T he  m arine  sed im ents are subd i­
vided in to  3 layers (I, II, and III) 
w hich are separated  by a pollenif- 
e r o u s  p e a t  l a y e r .  T h e  p o l le n  
reco rd s  co rre la te  the m iddle and 
the  upper m arine layers (II and III, 
respectively ) w ith the H olstein ian  
in terg laciation  (Som m é et a l., 1978; 
L au tridou  e t al., 1986b; V anhoorne 
and  D eny s, 1987).

H SC  C alcareous and fossiliferous silty- 
sand  co llected  from  unit 4 in the  up­
p er m arine layer III. This sedim ent 
is ch arac terized  by the  abundance 
o f  m ollusc shells (C ardium  edule) 
and  is considered  to  have been  de­
p osited  in a  nearshore  m arine envi­
ronm ent (tidal flat). U nit 4 is show n

by pollen  analysis to  be o f  H o lste in ­
ian  ag e . T h e  ab so lu te  d a te s  o b ­
ta ined  fo r shells co llected  from  unit 
4 are  still con troversial. S am thein  
e t a l. (1986) and  B a rab as  e t  al. 
(1988) o b ta in e d  U /T h  a n d  E S R  
da tes o f 300,000 to 350,000 yr B .P. 
w hich  suggest a  co rre la tio n  w ith 
stage 9. F u rth e r E S R  da tes w ere 
o b ta in e d  fo r  the  sam e sh e lls  by 
S c h w a rc z  and  G rü n  (1988) w ho 
co n c lu d e d  th e  d e p o s it w as from  
stage 7 w ith an age o f  ca. 260,000 yr 
B .P. O n the  o ther hand , m olluscs 
from  u n it 4 o f  H e rz e e le  y ie ld  a 
m ean D /L  ratio  of 0.31 (M iller and 
M angerud, 1985) w hich im plies that 
they are corre la tive  w ith the H ol­
ste in ian  m arine deposits (“ C ardium  
san d s” ) o f no rthw estern  G erm any 
w h ich  h a v e  b e e n  d a te d  to  c a . 
200,000 y r by E SR  (L inke e t al., 
1985). O n the basis o f  these  co n ­
flic ting  ab so lu te  ag es , the  u p p e r 
m arine layer III (H SC) o f  H erzeele  
h as  b e e n  c o r re la te d  w ith  e i th e r  
stage 7 o r  9.

H SV  G lauconiferous co arse  sand , non­
c a lc a re o u s  an d  n o n fo ss ilife ro u s , 
co llected  from  the  lo w est m arine 
layer I. T his shallow  m arine sand 
has not p rovided  a  reliable pollen 
re c o rd  b u t has b e e n  te n ta tiv e ly  
c la s s i f ie d  as C ro m e r ia n  (?) by 
Som m é et al. (1978).

PRINCIPLES OF 
THERMOLUMINESCENCE DATING 

OF SEDIMENTS

T he basis of the  T L  dating m ethod  is th a t 
d e trita l m inerals such  as q u artz  and feld­
spars are  deposited  w ith a reduced  T L  level 
(i.e ., residual T L  level) as a  resu lt o f ex p o ­
su re  to  sunlight during  tra n sp o rt (W intle 
and  H untley , 1982). A fter deposition , the 
T L  level in the m ineral grow s again as a 
re su lt o f  ex p o su re  to  the  n a tu ra l b a c k ­
ground radiation resu lting  m ainly from  the
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rad ioactive decay  o f  U, T h , and  K  presen t 
w ith in  the m ineral and  its su rround ings. 
The resulting T L  level consists o f a  com po­
nent that is easily b leached o r easily  re­
m oved by light exposure  and a sm all resid­
ual T L  level that cannot be reduced  to zero. 
A ssum ing a co nstan t natural background 
ra d ia tio n  in te n s ity , th e  in c re a se  o f  T L  
above the residual level will be a m easure o f 
the radiation dose received by the m inerals 
since deposition  and th ereb y  o f the  age. 
The T L  age in IO3 yr is given by the ratio

dose received since deposition
or equivalent dose (ED)

T L  age =  -— ——     ,
effective dose ra te  ■

w here ED  is expressed  in grays and the 
dose ra te  in grays per IO3 yr.
T he equivalent dose (ED) is defined as the 
a rtific ia l lab o ra to ry  ra d ia tio n  d o se  th a t 
yields the sam e T L  level as the natural ra­
d iation  dose received since deposition .

METHODS

Sam ple  Preparation

In our dating techn ique, the T L  is m ea­
sured  using feldspars, ex trac ted  from  the 
150-250 and  250-300 fxm grain-size fra c ­
tions. T hey  w ere obtained by dry sieving 
and w ere subsequen tly  trea ted  w ith HC1 
(10%) to  rem ove calcium  ca rb o n a te  and  
H 20 2 to rem ove organic m atter. The heavy 
l iq u id  s e p a r a t io n  o f  K - f e ld s p a r  w as 
achieved using sodium  po ly tungstate  w ith a 
specific gravity  o f  2.58 (M ejdahl, 1985a). 
T h e  se p a ra te d  K -fe ld sp a rs  w ere  e tc h e d  
w ith 10% H F  for 40 min to rem ove the ou te r 

l a y e r  w hich has received  a lpha  rad iation  
from  external sources.

TL M easurem ent

All T L  m easurem ents w ere  perfo rm ed  on 
an  au to m ated  T L  read e r (B o tte r-Jen sen , 
1988). T he T L  signals w ere de tec ted  using a 
pho tom ultip lier tu b e  (E M I 9635B) and  a 
S ch o tt UG11 filter (transm ission  w indow  
280-380 nm). B ecause o f  the  large am ount 
o f  light generated  by the sam ples, a neu tral 
density  filter (ND1) was also  used. A co n ­

s ta n t h ea tin g  ra te  o f  10°C/sec w as em ­
ployed. Sam ple cups contain ing 20 mg of 
K -feldspar grains were heated  in N 2 after 
initial evacua tion  o f the glow  oven. T L  in­
tensities w ere norm alized  by the  second 
glow T L  response  to co rrec t for sm all vari­
ations in weight betw een sam ple cups.

ED D eterm ination

The ED  w as determ ined  by the additive 
gam m a d o se  te c h n iq u e . T h e  p ro c e d u re  
used is illustrated  in F igures 3a and  3b: al­
iquots o f  the sam e natural (un irrad iated) K- 
feldspar sam ple are given artificial gam m a 
radiation doses. A saturating  exponen tia l is 
then fitted to the experim ental data  points 
(M ejdahl, 1985c). The ex trapo la tion  tow ard
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F ig .  3. (a) R e p re s e n ta t iv e  g lo w  c u rv e s  fo r  K- 
fe ld sp a rs  (150-250 pm ) from  an early  W eich se lian  
d une san d  (sam ple  P I). N : n a tu ra l T L  signal (unirra- 
d ia ted  sam ple); a, b, c , and d: T L  signals o f  sim ilar 
sam ples th a t have been  g iven add itional lab o ra to ry  7  

do se s . T h e  sam ples have been  p re h e a te d  fo r  62 h r  at 
140°C p rio r to glow ing, (b) T L  g row th  c u rv e  for K- 
fe ld spars from  the sam e sam ple P I ,  using  th e  add itive 
7  dose  tech n iq u e . 7  doses a re  add ed  to th e  natu ra l 
level. T h e  T L  signal is in teg ra ted  o v e r  th e  tem p era tu re  
range 257-437°C. A n exponen tia l function  is fitted  to 
th e  poin ts. T h e  in te rsec tio n  o f  th e  c u rv e  w ith  th e  dose 
ax is y ields th e  equ ivalen t dose  (E D ), (c) P la teau  test: 
E q u iva len t d o se  (accum ulated  do se ) v e rsu s  te m p e ra ­
tu re  fo r K -fe idspars from  the sam e sam ple  P I.
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the dose axis provides the ED in tercept. No 
correction for the residual level has been 
m ade (i.e ., no residual subtraction  has been 
perform ed) in view  o f the very low T L  sig­
nal yielded by equ ivalen t m odern beach 
sands, as show n in the following section.

The ED was obtained for the glow  curve 
area cen tered  around  the h igh-tem perature 
p e a k s  ( i .e . ,  in th e  te m p e ra tu re  ran g e  
257-437°C). F or each  sam ple, up to 10 rep­
licate ED determ inations have been  p e r­
form ed, in o rd er to test the reproducibility  
of the results. In general, the precision  of 
the m ean ED value is about ±  10-15% at the 
1er level.

D ose R a te  E valuation

T he gam m a dose rate was e ith e r m ea­
sured in situ  w ith a  portable gam m a spec­
trom eter or estim ated  from  the co n cen tra ­
tions o f U , T h, and K m easured by gam m a 
spectrom etry . T he ex ternal be ta  dose rate 
was m easured for the bulk sam ple by thick 
source beta  counting (Sanderson, 1988); it 
has been  c o rre c ted  fo r b e ta  a tten u a tio n  
(M ejdahl, 1979) and w ater a ttenuation  (Ait- 
ken, 1985). T he K con ten t o f  the potassium  
feldspar grains w as determ ined  using the 
R iso  GM  m u ltic o u n te r  sy s te m  (B o tte r-  
Jensen  and M ejdahl, 1988). W ater conten ts 
w ere calculated  using the 'p resen t-day  range 
of w ater up take, since, although th ey  were 
w ater-laid , the fossil beach  sands would 
have been well above sea level during W ei­
chselian tim e. A  cosm ic dose ra te  o f 0.03 
g ray s /IO3 yr w as used fo r all anc ien t sam ­
ples w hich had p resen t day depths o f about 
8 m . F o r Sangatte 0.01 grays/103 y r w as cal­
cu lated  (Prescott and  S tephan , 1982).

RESULTS

TL C haracteristics o f  the Sam ples

T herm olum inescent m inerals are charac­
terized  by their glow curves, i.e ., plots of 
T L  signal in tensity  versus tem p era tu re . A 
rep re sen ta tiv e  glow  cu rve  o f  K -fe ld sp ar 
from  one o f the  sam ples dated  is show n in 
F igure 3a. It generally  exhibits tw o natural

overlapping p eak s  occurring  a ro u n d  320° 
and 350°C, w hen  a  140°C p reheating  fo r 62 
hr is used p rio r to glowing.

Saturating B ehavior

R epresen ta tive  grow th cu rv es (i.e ., plots 
o f TL  signal v e rsu s  added gam m a dose) for 
K -feldspar from  all the nonm odern  sam ples 
are plotted in F igure 4. It should  be stressed  
that their natural T L  levels hav e  not yet 
reached satu ration .

Bleaching B ehavior

T he bleaching ch arac teris tics  have been 
studied using a sunlight s im ula to r (SO L  2 
from  Dr. H önle, M artinsried , FR G ). A c­
cording to the m anufactu rer, th is lam p has 
a sim ilar spectra l d istribu tion  to sunlight 
and produces a constan t in tensity  up to  6.5 
tim es that o f na tu ra l sunlight.

T he natural T L  (N) and the  residual glow 
cu rv es  o f  K -fe ld sp a r from  tw o  m o d ern  
beach sam ples (F igs. 5a and  5b) show  th a t 
both sam ples (B E R  and  POR) ap p ea r to  be 
well bleached. T he natural T L  o f the  m od­
ern  sam ples is no t m ore than  6%  o f  the sig­
nal from the natu ra l T L  o f the  o lder sands

P R A C .  H S V6 0
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5 0 H S C

CO
N A Nc3
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IOO

4 0

3 0
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0)  2 0  
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B  2
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1 2 4  3 1 0 6 2 0 9 3 0 1 2 4 0
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F i g . 4. C o m p a ra tiv e  T L  g ro w th  c u r v e s  fo r  K- 
fe ld spars from  early  W eichselian , E em ia n , an d  pre- 
Eem ian san d  sam ples. T L  in tegral 257°-437°C; UG11 
+  neutral d ensity  (N D 1) filters.
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F ig . 5. R esidual T L  signal in K -fe ld spars a f te r  dif­
fe re n t e x p o su re  tim es to  a S O L  2 lam p. (N ) n a tu ra l T L  
signal; (1) 5 m in o f  lam p  ex p o su re ; (2) 10 m in; (3) 20 
m in; (4) 40 m in; (5) 80 m in. (a  and b) m od em  beach  
sa n d s; (c and  d) E em ian  and  p re-E em ian  beach  sands, 
re sp ec tiv e ly . UG11 filte r , 62 h r p reheating  a t 140°C 
p rio r  to glow ing.

from  th e  sam e s ite s  ( i .e ., in B elc ro u te , 
P orte le t, and  Sangatte).

F igure 6 com pares the K -feldspar b leach­
ing cu rves (i.e ., p lo ts o f residual T L  level 
versus b leaching tim e) o f  E em ian and pre- 
E em ian  sand  sam ples. T he T L  signal is re­
m oved very  rapidly  a t first, such that about 
70 to 80% is lo st in the first 5 min o f lamp 
exposu re , correspond ing  to  about 30 min o f 
d ire c t su n lig h t. T h e  re s id u a l T L  lev e l, 
w hich m akes up only 6% o f  the natural T L  
signal, is reached  after abou t 80 min in both 
cases . T h ese  experim ents dem onstra te  that 
the co arse  fe ld sp ar grains from  the fossil 
beach  sands a re  easily  bleachable and are 
likely to  have been  well b leached at depo­
sition . T his s tudy  confirm s the  m easu re­
m ents m ade on  fine grains (4-11 p,m) from  
m odern  litto ra l sed im en ts in S p itsbergen  
(F orm an , 1988).

O  3 0

°  2 0  -

P R A C H S V

N 5 1 0  3 0 6 0 1 8 0

B l e a c h i n g  t i m e  ( m i n )

F ig . 6 . B leach ing  o f  th e  T L  level in K -fe ld sp ars , 
using  a S O L  2 lam p. S am ples PR A C  (E em ian ) and 
H S V  (p re -E em ia n ). T h e  resid u a l T L  signal, averaged  
o v e r  the te m p e ra tu re  range 323°-347°C, is p lo tte d  as a 
function  o f  b leach in g  tim e (in m in u tes); (N ) N atu ra l 
T L  signal. U G ll  filte r; 62 h r p reh ea tin g  a t 140°C prior 
to  glow ing.

A n o m a lo u s F ading

All K -fe ld spar sam ples have been  p re ­
heated  a t 140°C fo r 62 hr, ju s t  after gam m a 
irrad iation  (in o rd e r to  rem ove the unstab le  
com ponen t o f the T L  signal) below  320°C 
(G rün e t al., 1989). P reheated  fe ld spar sam ­
ples have been  sto red  at room  tem pera tu re  
fo r 3 to 6 w eeks; no significant increase  of 
the  ED  w ith the  sto rage  tim e has been  ob­
served .

TL  A g e  E stim a tes  O bta ined  fo r  Feldspars

T he estim ated  m ean ED values, the  ra­
d io a c tiv ity  d a ta , and  the  re su ltin g  dose  
ra tes  are  listed  in T able 1 toge ther w ith  the 
calcu la ted  T L  ages for each  sand  sam ple 
investigated . The to tal dose ra tes are  in the 
range 0.81-4.11 grays/103 yr. T he m ean  ED 
values o b ta ined  fo r the P le istocene  sed i­
m ents a re  in the  range 105-453 g rays; the 
calcu la ted  T L  ages range betw een  53,000 
and  201,000 yr.

M ost m easured  sam ples yield relatively  
good p la teau x ; that is, the ED  p lo tted  as a 
function  o f  tem pera tu re  rem ains constan t 
ov er the 257-437°C tem pera tu re  range, as 
show n in F igure 3c.

F igure 7 com pares these T L  ages w ith
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the ages ex p ec ted  from  independent geo­
logical and geochronological evidence.

DISCUSSION

The T L  age estim ates obtained  for the 
sam ples co rre la ted  w ith stage 5 underesti­
m ate the ex p ec ted  age by abou t 40% . The 
T L  ages for th e  early  W eichselian  dune 
sands a re  com parab le  with those  ob tained  
fo r the E em ian beach  sands bu t canno t be 
separa ted  from  the  la tte r. The analy tical 
precision o f o u r T L  technique is thus inad­
equate  to allow  any  distinction o f  substages 
w ithin stage 5. O n the  o ther hand , there  is a 
c lear chronological distinction betw een  the 
beach sands from  substage 5e and  those  
w hich are thought to be pre-E em ian.

The T L  age estim ate  for Sangatte  is also 
underestim ated  by 40% if it is co rre la ted  
w ith stage 7 (H aesaerts  and D upuis, 1986). 
T he sam e claim can  be m ade for the upper 
m a r in e  la y e r  I I I  ( s a m p le  H S C ) f r o m  
H erzeele  if it is co rre la ted  w ith stage 9, 
r a th e r  th a n  s ta g e  7. T h e  r e s u lts  f r om 
H erzeele  show  also  th a t there  is little dif­
ference in age betw een  the nearsho re  sand 
from  the upper (III) m arine layer and  the 
beach  sand from the  low er (I) m arine layer; 
this conclusion con trad ic ts  the ten ta tive  hy­
pothesis o f  Som m é e t al. (1978).

In  spite o f the lack o f  definitive indepen­
dent dates for S angatte  and H erzeele , the 
results displayed in Figure 7 im ply th a t the 
potassium  feldspar T L  dates are all u n d er­
estim ated by ab o u t 40%. This u nderestim a­
tion  is similar in m agnitude to the sy stem ­
atic  underestim ation that w as ob tained  in 
the sam e labora to ry  using the sam e m ineral 
fraction  from  D anish  cover sands (G rün et 
al., 1989). Such a  system atic  deviation  can ­
not be explained by any therm al instability  
w hich w ould resu lt in a tim e-dependent un­
derestim ation  of the  age. The la tte r behav ­
ior has been found fo r fine polym ineralic 
silt g rains from  lo ess  (D ebenham , 1985; 
W intle, 1985a, 1985b; W intle et a l., 1984) 
and  p reven ts chronological sep ara tio n  o f  
pre-W eichselian loess w hen this grain size 
is used fo r the T L  m easurem ents.
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F ig . 7. F e ld sp a r ab so lu te  T L  ages v ersus age es tim ates . E SR  (1): d a te s  from  S ch w arcz  and  G rün  
(1988); E SR -U /T h (2): d a te s  from  S am th e in  e t al. (1986) and B a rabas e t al. (1988).

The chrono log ical sep a ra tio n  ob ta ined  
for the sands used  in th is study  is analogous 
to  th a t o b ta in ed  fo r po tassium  feldspars 
from  the coarse  silt fraction  o f  loess in the 
neighboring p arts  o f  n o rthw este rn  E urope 
(B alescu et al., 1988). This approach  could 
no t be adapted  fo r the larger grained sedi­
m ents in the cu rren t s tudy  because o f  vari­
a tions in the relative con tribu tions o f the 
in ternal potassium  con ten t to the to tal dose 
ra te  experienced  by the grains.

CONCLUSIONS

This prelim inary T L  study  indicates that 
P leistocene ra ised  beaches a re  potentially  
d a ta b le  by th e  T L  m eth o d  w hen  using  
co arse  feldspar grains to g e th e r w ith the ad ­
d itive  gam m a d o se  tec h n iq u e . W e have 
dem onstra ted  th a t the  m odem  beach  sands 
a re  well b leach ed . M o re o v e r , w e have 
sh o w n  th a t th e  P le is to c e n e  in te rg lac ia l 
beach  sands yield u n derestim ated  T L  ages. 
H ow ever, these are in co rrec t stratigraphi- 
cal o rder and lead to  a  c lea r chronological 
d iscrim ination  b e tw een  E em ian  and  pre- 
E em ian raised beaches.

T he fe ldspar T L  m ethod w e suggest of­

fers great potential in providing a consis ten t 
relative chronology for o therw ise  undated  
P leistocene raised beaches. This m ethod , 
therefore provides new  perspectives fo r (1) 
a  b e tte r understanding  o f the  Q uaternary  
s tra tig ra p h y  o f  th e  c o a s ta l  m a rin e  s e ­
quences and (2) the reconstruction  o f P leis­
tocene shoreline h istory.

T L  appears to be a  viable a lternative  to 
u ran ium -thorium , e lectron  spin resonance , 
and am ino acid racem ization dating tech ­
niques w hen  fossils are not p resen t, but 
m ore w ork is needed before the cause  of 
our system atic  age underestim ation  is un­
derstood.
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T he first a u th o r  is g ra tefu l to  the “ U Q A M  F o n d a tio n "  
(M o n tré a l)  fo r  f in a n c ia l s u p p o r t ,  to  M . L a m o th e  
(U Q A M ) fo r  e n c o u ra g e m e n t, and  to  M . L a ith ie r  
(U Q A M ) for p reparin g  th e  illu stra tions. T his is publi­
ca tion  num ber 105 o f  th e  In stitu te  o f  E arth  S tud ies, 
U niversity  C ollege o f  W ales.
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