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ABSTRACT

Dating recent lake sediment records yielding disturbed 210Pb 
profiles has been a problem of wide interest in palaeoclimatic 
and palaeoseismic studies over the last few  centuries. When 
applied to an alpine lake sedimentary record, a high-resolution 
sedimentological study reveals that the 210Pb profile is dis
turbed by the occurrence of single-event deposits triggered by 
two different mechanisms: flood events deposits and gravity 
reworking. Removing disturbed layers from the 210Pb profile 
yields a logarithmic depth-activity relationship. Using a simple 
210Pb decay model (CFCS) provides an assessm ent of mean

accumulation rate of 'continuous sedimentation', as opposed to 
'event-linked sedimentation'. The correlation of the thickest 
four gravity-reworked deposits with historically known earth
quakes permits both validation and refinement of the a g e -  
depth relationship. This refinement highlights variations in 
accumulation rate consistent with post-Little lee Age climatic 
variations.
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Introduction

Recent investigations concerning past 
climate variability (Von G rafenstein 
et al., 1996; C hapron  et al. 2002) and/ 
or seismic activity (Doig, 1990; Cha- 
p ron  et al., 1999) over the last m illen
nia have pointed ou t the im portance o f 
lacustrine sediment records for provi
ding proxy time-series w ith annual to 
decadal resolution over a  millennial 
timescale, allowing an  accurate ch ro 
nology to  be established (Smith, 2001). 
Classically, on millennial timescales, 
sedim entation rate is extrapolated 
from  the last century average rate 
inferred from  210Pb chronology.

Since the first application of 210Pb 
radiochronology to  lake sediments 
(K rishnasw am y et al., 1971), it has 
become an  indispensable tool for 
dating recent sediments (Noller, 
2000). Three 210Pb dating m odels are 
classically used: the so-called CRS 
(C onstant R ate o f Supply; G oldberg, 
1963; A ppleby and  Oldfield, 1978;
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R obbins et al., 1978), C IC  (C onstant 
Initial C oncentration; Pennington 
et al., 1976) and  CFCS (C ontan t Flux 
C onstan t Sedim entation rate; G o ld 
berg, 1963; K rishnasw am y et al., 
1971) models. The choice of the 
appropriate  m odel depends on 210Pb 
profile shape (A ppleby and  Oldfield, 
1983; N oller, 2000) b u t in some cases 
no dating is possible. The in terbed
ding of rap id  sedim entation deposits 
in slow sedim entation deposits is one 
o f the possible causes o f this im possi
bility. As this kind o f deposit is o f 
potential interest in palaeoclim atic 
(C hapron  et al. 2002) an d /o r palaeo
seismic (Smith and  W alton, 1980; 
Doig, 1990; Doig, 1998; C hapron  
et al., 1999; N oller, 2000) studies, 
solving the problem  o f dating  sedi
m ent records w ith nonlinear 210Pb 
vertical profiles is o f wide interest.

In  the 87-cm-long core ANT9902, 
taken  in Lake A nterne (northern  
F rench Alps), the presence o f m any 
instantaneous deposits disturbs the 
210Pb profile, precluding the direct use 
o f 210Pb dating m ethods. The present 
contribu tion  outlines an  original 
approach , associating sedimentology 
and  radiochem istry, in order to  date 
this sedim entary record. F irst, a  high- 
resolution sedimentological study 
applied to single-event deposits devel
ops an  understanding of their m echa
nism o f form ation. O n the basis o f the

m echanism  determ ined, com puted 
210Pb ages m ay then be correlated with 
historical events th a t could have 
triggered the instantaneous deposits. 
The 210Pb profile and  its estim ates o f 
the ‘continuous’ sedim entation rate 
m ay be further refined using the ages 
o f the instantaneous deposits. This 
approach  should thus provide chrono- 
stratigraphic m arks indispensable to 
validate any 210Pb geochronology 
(Smith, 2001).

Setting and analytical methods

Lake A nterne (2061 m) -  located in 
the Sixt-Passy natu ral reserve, in the 
northern  French Alps (Fig. 1) -  is 
600 m  long, 400 m  wide and  its m axi
m um  depth  is abou t 13 m. I t is an 
oligotroph dimictic lake, ice-covered 
each w inter from  N ovem ber to  June. 
T ributaries essentially run  over low- 
grade m etam orphic Jurassic m arls and 
shale. G ilbert-type deltas develop on 
m ajor tributaries leading to  the pres
ence of steep foreset slopes. The 
87-cm-long core ANT9902, w hich is 
discussed here, is one of the four 
sediment cores taken  in Lake A nterne 
during the 1999 C A L A M A R  II coring 
survey (Desm et and  Lignier, 1999). It 
was taken  in the deepest p a rt o f the 
basin a t 13.2 m  w ater depth.

The lake’s 210Pb activity profile 
was obtained by m easuring the
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m ated using M a c D i f f ®  software 
(Petschick, 2001).

Results

Delta
200 m

Fig. 1 T h e  lo c a tio n  o f  L ak e  A n te rn e  in  O cc id en ta l A lp s a n d  th e  th ree  co res ta k e n  
d u rin g  th e  1999 c a l a m a r  II survey . C o re  A N T 9 9 0 2 , d iscussed  in  th is  p ap e r, h as been  
ta k e n  in  th e  cen tre  p a r t  o f  th e  b as in , a t  13.2 m  w a te r  d ep th .

Sedimentology

Core description and lithology. Core 
ANT9902 presents sharply lam inated 
(~  1 m m ) fine-grained sediments 
interbedded w ith relatively thicker 
(1-4 cm) and  coarser-grained layers 
(Fig. 2). F ou r lithofacies are recogniz
able in the core (Fig. 3A): facies 1 (fl) 
is characterized by the a lternation  of 
dark-grey and  white millimetric lam 
inae; facies 2 (f2) corresponds to  1-to 
2-cm -thick white silty clay beds; facies 
3 (f3) is m ade o f pluricentim etric grey- 
coloured silty levels; and  facies 4 (f4) is 
represented by 1 - t o  2-cm -thick dark- 
grey sandy beds sometimes containing 
vegetal debris.

The vertical organization  of facies 
leads to distinguish the layers in ter
bedded into lam inated sediment 
(noted L) into two types o f deposi- 
tional sequences, as defined below 
(Fig. 311):
• A-type sequences have a fining-up

w ard, grain-supported, succession 
o f facies f4, f3 and  f2;

• B-type sequences comprise only 
facies f4 and  f3, w hich are fining- 
upw ard too , bu t m atrix-supported. 
M icroscopic observation o f sm ear

slides and  m easurem ent o f C a C 0 3 
content reveal the preponderance of 
the siliciclastic fraction over biogenic 
com pounds, bo th  in lam inae and 
interbedded layers. The clayey frac
tion  is com posed exclusively o f illite 
and  chlorite (Fig. 2) th roughou t the 
core. There is no observed relation
ship between clay m ineral com posi
tion  and  the different facies.

Delta

210Po «-activity (Fläsänen, 1977; detai
led m ethod  and  confidence assessment 
in Pourchet et al., 1994) w ith a 5-mm 
sam pling interval. 137Cs activity was 
m easured a t each 1 cm depth  incre
m ent by low-level gam m a spectro
m etry (Pourchet and  Pinglot, 1989). 
M icro-grain-size m easurem ents were 
taken  a t 5-mm increments, all along 
the core, using a M alvern M icro
sizer™. G rain-size param eters are a 
m ean o f 10 000 scans and  measures

per sample. In  order to  characterize 
the depositional processes, the ‘m ean 
grain-size’ ((Q 10 + Q30 + Q50 + 
Q70 + Q90)/5) and  ‘sorting’ ((Q75/ 
Q25)1 2) param eters were used. The 
C a C 0 3 content was m easured using a 
B ernard calcimeter. The clay content 
was determ ined using X -ray diffracto- 
gram s obtained from  orientated 
m ounts from  the carbonate-free clay 
fraction. The identified clay minerals 
were then  sem iquantitatively esti-

Grain-size measurements. Facies f l  is 
relatively hom ogenous, characterized 
by clayey-silt deposits (m ean size 
range: 11.6-24.5 pm) and  sorting val
ues ranging from  2 to  2.5 (Fig. 4). 
Facies f2 is the best sorted (sorting 
range: 1.8-2.3) and  the finest grained 
(m ean size range: 6-13.6 pm). F o r the 
f3 facies, grain-size data  indicate the 
same m ean size values bo th  in A- and 
B-type sequences (m ean size range -  
f3A: 13.6-31.2 pm; f3B: 13.8-43.2 pm), 
samples from  A -type sequences are
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Fig. 2 T w o d ifferen t k in d s o f  th ic k  layers (A - a n d  B -type sequences) a re  in te rb e d d e d  a ll a lo n g  co re  A N T 9 9 0 2  in  sh a rp ly  la m in a te d  
sed im ents . G ra in -s ize  p a ra m e te rs  hav e  been  m e a su re d  w ith  a  5-m m  sam p lin g  in te rv a l, so rtin g  ((Q 75/Q 2 5)1 ”) a n d  m e a n  g rain -size 
((QIO +  Q 30 +  Q 50 +  Q 70 +  Q 90)/5 ) a re  p re sen ted  here . E a c h  p e a k  o f  m e a n  gra in -size  m a rk s  th e  b o tto m  o f  a n  in te rb e d d e d  
layer; th ey  a re  a sso c ia ted  w ith  h ig h  so rtin g  p a ra m e te r  va lues (p o o rly  so r te d  sed im en t) only  in  B -type sequences.

slightly m ore sorted (sorting range: 
2.1-2.6) than  those from  B-type 
sequences (sorting range: 2.2—2.9). 
Facies f4 from  A- and  B-type sequenc
es also show similar m ean grain- 
size values (m ean size ranges -  f4A: 
23.3-99.9; f4B: 17 .3-116.9),"but so rt
ing o f samples from  A-type sequences 
is m arked  (sorting ranges -  f4A: 1.9- 
2.9; f4B: 2.4-3.8). P lo tted  in a m ean 
size vs. sorting diagram  (Fig. 4), A- 
and  B-type sequences are clearly dis
tinguishable a t their base (f4) and  
similarly develop (f3). Samples from  
f2 levels, characteristic o f A-type

sequences, are the finest grained and 
m ost sorted o f the whole core.

Radiochemical measurements

The 210Pb activity vs. depth  curve is 
nonlinear (Fig. 5A) and  thus cannot 
be interpreted to  have resulted from  
radioactive decay alone. The activity o f 
interbedded layers is particularly  low 
com pared w ith lam inated layers and 
seems to be linked to  grain-size varia
tions: the fining-upw ard sequences are 
210Pb increasing. This pa ttern  is partic
ularly evident in the two A-type

sequences located between 3 and 
10 cm -depth (Fig. 5A). Below 45 cm, 
the 210Pb activity is roughly constant 
a round  a m ean value o f 0.022 bq  kg-1 
(Fig. 6) and  represents the supported 
210Pb activity. 137Cs y-activity profile 
presents a sharp peak a t 14.5 cm and  is 
near to  zero below 16 cm (Fig. 5B).

Interpretations

The Lake Anterne sedimentary system

Assum ing th a t the sediments have 
the same source th roughout the

Clay mineralogy
+ Sorting - Mean grainsize (pm) (% of < 2 pm fraction)

1.5 2 2.5 3 3.5 4 0 40  80 120 0 20 40  60 80 100
i____ i_____i___ i i___ i i_i i___ i i- g J___ I I i I_I I I I_I 1
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2 ^
Facies Description Smear slide 

observation

i ]
S eq uence

Description Image Facies
succession

Grain size

Mean size 
min. < mean < max. 

(pm)

Sorting 
min. < mean < max.

1
Sharply laminated 

light and dark 
clayey silt

L
Laminated

deposits 1 11.6 < 16.8 < 24 .5 2 < 2.3 < 2.5

A
Upward decreasing 

grain-supported 
sequence

- 26 < 11.4 < 13.6 1.8 < 2.1 < 2.7

2 White
clay

i " . - -
* 'i-i.. ■ ■ ,*

1 mm.
3A 13.6 < 21.6 < 31 .2 2.1 < 2.4 < 2.6

4A 23.3 < 58.2 < 99.9 1.9 < 2.5 < 2.9

3 brown to dark-grey 
clayey silt m

B
Upward decreasing 

matrix-supported 
sequence

3B 13.8 < 23.1 < 43 .2 2.2 < 2.4 < 2.9

4 dark-grey 
silty sand b» 4B 17.3 < 67.9 < 116.9 2.4 <3.1  < 3.8

Fig. 3 Facies and sequences characteristics. (A) Facies definition is first based on macroscopic observations (colour, grain-size 
estimation). (B) The vertical organization of different facies and textural observations distinguish two different types of sequences 
(noted A and B) interbedded into laminated sediments (noted L): A-type sequences present the succession (from bottom  to top) of 
facies 4, 3 and 2 and are grain-supported while B-type sequences present no top f2 facies and are matrix-supported. Grain-size 
analysis confirms this differentiation: B-type sequence basal deposits (f4B) present similar mean grain size (same facies) and are less 
sorted (different texture) than those from A-type sequences (f4A).

facies succession

L-type seq u en ce  :

A-type seq u en ce  : f2 ° f3A • f4A

B-type seq u en ce  : Af3B *f4B

+f1

3.5
sequence B patternbottomtop

3

sequence A pattern

2.5

2
fl field

0 20 40 60 80 100 120

Mean size (pm)

Fig. 4 Granulometric differentiation between sequences A and B. Plotting mean grain-size vs. sorting emphasizes the differences 
between A- and B-type sequences. Basal layers (f4) from sequence A are more sorted than those from sequences B, intermediate 
layers (f3A and f3B) and laminated sediments (fl) present the same signature and the top layers of sequences A (f2) are the more 
sorted and finest grained samples. Because of their relatively high sorting, f4A layers are interpreted as winnowed sediment 
deposited by a flood current; in contrast, facies f4B are matrix-supported sediments deposited by gravity reworking. The final term 
of sequences A (f2) represents the settling of the fine particles brought to the lake by the flood.
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Fig. 5 210Pb (A) and 137Cs (B) activity profiles. 210Pb vertical profile is non-linear and 
thus cannot be interpreted as the result simply of radioactive decay. Depletions in 
210Pb values are correlated with the occurrence of A- and B-type sequences which can 
thus be interpreted as the cause of profile disturbance.

core -  an  assum ption supported  by 
constan t clay m ineralogy and  C a C 0 3 
content -  it is suggested th a t the 
differentiation between A- and  
B-type sequences m ust be driven by 
essentially different depositional p ro 
cesses. C om pared to A-type, B-type 
sequences are characterized by the 
absence o f a  clayey £2 top-level, and  
by poorer sediment sorting (Fig. 4). 
The la tter observation confirms the 
optical description o f a  m atrix-sup- 
ported  sequence, suggesting th a t the 
tran spo rt energy is supplied by sedi
m ent w eight ra ther than  by a w ater 
current. Following the nom enclature 
of M ulder and  C ochonat (1996), 
B-type sequences m ay thus be in ter
preted as fluidized or liquefied flow 
deposits o f rew orked sediment. In 
versely, the good sorting o f A-type 
sequences suggests th a t sediments 
have been w innow ed by a w ater 
current, the fining-upw ard pattern  
having resulted from  its decreasing 
velocity. Such a particle-loaded cu r
rent m ay have resulted from  an 
exceptional flood o f the w atershed

which w ould significantly increase 
the turbid ity  o f the w ater colum n 
and  lead to  the deposition of a thick, 
fine-grained, well-sorted lam ina (£2) 
during the following winter, when 
the lake is ice-covered.

Based on evidence described 
above, a  revised sedimentological 
m odel is proposed for Lake A nterne. 
The three kinds o f deposits defined 
above are linked to  three different 
triggering mechanisms:
• Because o f the regularity o f their 

lam ination, L-type sequences repre
sent the continuous sedim entation 
o f the lake;

• W innow ed sediments from  A-type 
sequences are interpreted  as m ajor 
flood-event deposits;

• B-type m atrix-supported  sequences 
are sediment gravity-rew orked and 
m ust be the consequence o f natural 
collapse o f steep slopes.
A -and B-type sequences are thus 

considered as single-event deposits 
interbedded w ithin the continuous 
sharply lam inated L-type sedim enta
tion.

210Pb data processing: age-depth 
relation

In  order to  understand and  establish 
an  age-dep th  relationship in the core, 
it is assum ed first th a t lam inated levels 
have been deposited by constan t ac
cum ulation rate  and  th a t interbedded 
layers represent single-event deposits. 
Average accum ulation rate  (A .R .) is 
expressed as

A .R . =  - X / s ,  (1)

where X is the 210Pb radioactive decay 
constan t and  s is the slope o f the 
activity vs. depth  curve.

A synthetic sedim entary record is 
then built com posed only o f the lam in
ated  levels, by rem oving the single 
single-event related layers from  the 
original sedim entary record (Fig. 6). 
P lo tted  on logarithm ic scale, the 210Pb 
profile thus obtained can be considered 
as a straight line (determ ination coef
ficient is 0.92) w ith s — 0.19 cm -1. In 
such a case, the CFCS m odel (G old
berg, 1963; K rishnasw am y et al., 1971) 
can be used and  (1) provides an  A .R . o f 
1.6 ±  0.1 m m  yr_1 (see Fig. 6 caption 
for discussion o f confidence limits).

I t  is assum ed th a t each A-type 
sequence represents an annual sedi
m entation  cycle (flood event plus w in
ter settling of fine particles) and  tha t 
B-type deposits occur instantaneously. 
Accordingly, the extrapolation  o f cal
culated A .R . to  all o f the lam inated 
levels in the original record perm its 
the construction  o f an  age-depth  
relationship (Fig. 7).

Discussion: chronological control

1963 Nuclear weapon tests maximum

The C FCS m odel provides the date 
a d  1963 ( ±  2 yr) to the 137Cs peak 
located a t 14.5 cm depth  (Fig. 5B). It 
can thus be attribu ted  to  the a d  1963 
m axim um  137Cs emission from  atm o
spheric nuclear w eapons tests. The 
decreasing 137Cs pattern  above 
14.5 cm is characteristic o f the end o f 
the 60 s when the num ber of a tm o
spheric nuclear tests decreases. The 
sharpness of this peak, together w ith 
the lam ination  of sediment, indicates 
th a t no b io tu rbation  affects the sedi
m ent record.

In  the m onotonous 137Cs profile 
from  0 to 10 cm -depth the C hernobyl 
accident (a d  1986) does no t stand ou t
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Fig. 6 210Pb data processing. As A- and B-type sequences have been interpreted as single-event deposits, they do not record time in 
the same way that laminated sediments do. Removing these events from the unsupported 210Pb profile makes it linear in a semilog 
graph, following the radioactive decay law with an acceptable determination coefficient of 92%. Because the synthetic unsupported 
210Pb profile presents a logarithmic relation with depth, the CFCS model is applied (Appleby et al., 1983; Noller, 2000) and 
provides an accumulation rate of about 1.6 mm yr-1 which represents the average accumulation rate of continuous sedimentation 
as opposed to single-event linked sedimentation. The uncertainty of 210Pb a-activity measurement is less than 5% (Pourchet et al., 
1994) and is negligible compared to model assumptions. Supported 210Pb activity is the mean of a series of eight values with similar 
grain-size (values from the deepest instantaneous deposit have been rejected) and low standard deviation (0.003). The confidence 
interval (95%) is 0.0225 ±  0.0028 Bq g-1. Taking account of this uncertainty, the accumulation rate is 1.58 ±  0.1 mm yr-1. 
Owing to sampling interval and model assumptions, a < 0.1 mm yr-1 precision is unrepresentative; in the age-depth relationship 
the value 1.6 ±  0.1 mm yr-1 is used as a reasonable approximation of this computed value.

(Fig. 5B). The predicted depth  o f year 
1986 is a round  3 cm, ju s t between two 
th in  flood-event deposits. I f  the flood 
deposit located between 2 and  2.6 cm- 
depth  occurred during the a d  1986 
spring, the related surface current 
m ight have b rough t 137C s-loaded fine 
particles ou t o f the lake, thus hiding 
the C hernobyl 137Cs signature.

Historical seismic activity

B-type sequences are related to  col
lapses o f steep slopes th a t are m ost 
likely to  be related to  local seismic 
activity (Doig, 1990; Ouellet, 1997; 
D oig, 1998).

Lignier (2001) showed the locally 
greatest earthquake intensity felt d u r
ing the last three centuries (database 
from  L am bert and  Levret-A lbaret, 
1996) a round  Lake A nterne should

have been caused by the seismic events 
o f a d  1905 (Em osson, Switzerland), 
1855 (Visp, Switzerland), 1817 (C ha
m onix, France) and  1755 (Brigg, Swit
zerland). These ages show good 
agreem ent w ith the com puted ages o f 
the four thickest B-type sequences 
(Fig. 7), thus allowing the conclusion 
th a t they were triggered by the locally 
significant earthquakes o f the past two 
centuries.

W ith each seismically induced 
B-type sequence as a  chronostrati- 
graphic m ark, revised accum ulation 
rates are calculated for intervals 
between each o f them  (Fig. 7). A ccu
m ulation  rate  variations thus com pu
ted are consistent w ith variations o f 
lithogenic flux recorded in Lake 
C ornu  (D esm et et al., 2001), 5 km  
far from  Lake A nterne. Those varia
tions seem to be in response to  climate

change following the Little lee Age 
(a d  1350-1850). In  bo th  Lake A nterne 
and  Lake C ornu the period before 
a d  1855 yields low accum ulation rates 
(Lake A nterne A .R . 1.2 m m  y r“1) 
suggesting low erosion rates following 
snow accum ulation in the lake w ater
shed during the summer. By contrast, 
a d  1855-1905 is a  period o f intense 
m elting, leading to  an  increasing litho
genic sediment flux (Lake A nterne 
A .R. 1 .8 m m y r-1). The tw entieth 
century, since 1905 A D , is a  period 
of interm ediate erosion rate (Lake 
A nterne A .R. 1.6 m m  yr-1).

Conclusions

The da ta  processing protocol described 
in this paper allows for the develop
m ent o f an  age-dep th  curve based on 
210Pb estim ation o f continuous

230 ©  2 0 0 2  B la c k w e ll S c ie n c e  Ltd



Terra Nova, Vol 14, No. 4, 225-232 F. Arnaud e ta /. •  Floods, earthquakes and 210Pb geochronology

2000

Age (year AD) 

1900 1800 1700

20

Eo
<nu><s>
5  40
o
£
c
0
£
~o0
OT 60

80

90
CFCS 210pb age-depth model

Chronostratigraphic
marks

AD 1963 
Nuclear weapon test

AD 1905 
Emosson earthquake

AD 1855 
Visp earthquake

AD 1817 
Chamonix earthquake

AD 1755 
Brigg earthquake

Final age-depth model
(refined by earthquake chronology)

Fig. 7 A g e -d e p th  re la tio n sh ip . A  first a g e -d e p th  m o d e l (b lack  line) c a n  be  e s tab lish ed  
co n s id erin g  la m in a te d  sed im en ts hav e  b een  d e p o s ite d  by a  c o n s ta n t a c c u m u la tio n  
ra te . T h is A .R . (1.6 m m  y r-1) is g iven  by  th e  210P b  C F C S  M o d e l (F ig . 5). In  th is 
m o d el, v e rtica l lines c o rre sp o n d  to  in s ta n ta n e o u s  d eposits : f lood  d ep o s its  a n d  g rav ity  
rew o rk in g , rep re sen tin g , respectively , a  tim e  in c rem en t o f  1 a n d  0 years (ex p lan a tio n s 
in  tex t). T h is m o d e l is c o n s tra in e d  ov er th e  2 0 th  cen tu ry  by  th e  id en tifica tio n  o f  the  
a d  1963 137Cs p e a k  a s so c ia ted  w ith  a tm o sp h e ric  n u c lea r  w e a p o n  tests a n d  by the  
c o rre la tio n  be tw een  a  th ic k  g rav ity  rew o rk in g  d ep o s it a n d  th e  a d  1905 E m o sso n  
e a r th q u a k e . D eep e r in  th e  sed im en t, th e  c o rre la tio n  o f  th e  th ree  th ic k e r  B -type 
sequences w ith  th e  th ree  m a jo r  e a r th q u a k e s  h isto rica lly  re c o rd e d  in  th e  su rro u n d in g  
a rea  allow s us to  p ro p o se  a  refined  a g e -d e p th  m o d e l (grey line) by  co n s id erin g  the  
e a rth q u a k e - in d u c e d  d ep o sits  as c h ro n o s tra tig ra p h ic  m a rk e rs . T h is refin ing  b rin g s o u t 
a c c u m u la tio n  ra te  v a r ia tio n s  w h ich  a re  co n sisten t w ith  lith o g en ic  in p u t v a ria tio n s  
re c o rd e d  in  L ak e  C o rn u  (D esm et e t al., 2001) a n d  in te rp re te d  as a  re sp o n se  to  th e  en d  
o f  th e  L ittle  lee  A ge (ex p lan a tio n s  in  text).

sedim entation rate instead o f average 
bulk accum ulation rate, where classical 
210Pb dating models w ould have been 
inefficient. This paper dem onstrates an 
approach  to  understanding age/accu
m ulation  relationships in sedim entary 
systems by applying 210Pb chronology 
to  dating sediment records th a t exhibit 
ab rup t changes in accum ulation rate.

C orrelation  o f historical events, in 
this case earthquakes, to  sedim entary 
210Pb profiles leads to  the identifica
tion  o f fluctuations in accum ulation

rate w hich are likely related to  climate 
variability. This dem onstrates tha t 
average accum ulation rate m ust be 
used carefully when establishing age 
m odels o f high-resolution proxy time- 
series. In  order to  be accurate and  of 
wide use, studies o f climate short-term  
variability, often highlighting several- 
year-long cycles, require m ultiple lines 
o f evidence to  constrain  age models 
by taking in to  account in stan tan 
eous deposits and  accum ulation rate 
variability.

R adiom etric and  sedimentological 
evidence validate the proposed age 
m odel in the particu lar case of Lake 
A nterne, a lthough there is no evidence 
it w ould w ork in o ther similar sedi
m ent records. The process explained 
here needs to  be tested fu rther in other 
lakes.
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