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Thrcc çorcs takcn in the tida] Oat of the Bay of Mont Saint-Michel. were dated 
with IWO diffeeen! rnclhods. onc involving use of the naturally-occurri ng isotopc 
21OPb, the olher using a man-made 137Cs isotupe. For IWO of Ihe cores il was 
possible 10 calculale sedimentation raies. In these cores the data obtained with the 
twO different methods agreed weil : sedimentation mies of 0.39 ± 0.08 (2 10Pb 
melhod) rcsp. 0.48 cm.y-t (JJ7Cs method) were round in one core; and of 0.47 ± 
0.07 and 0.4 0 cm.y-I in the olher. In the thi rd core no rcliablc ~dimcn tation r.ttc 
could he calcul ated, al lhough the Cs data indicatc thal the sedimentation rate is in 
the o rder of 5 cm per year. These data are in good agreement with sedimentation 
eSlimates based on cartographieal data and comparison of success ive aerial 
photographie surveys. 

Oaa1lologicu Ac/a. 1991. Proceedings of the International Co lloquium on the 
environment of epicontinentul scas. Lille, 20-22 March, 1990, vol. sp, nO Il , 137- 142 . 

ESlimalion de taux de sédimentation dans la baie du Mont Sai nt­
Michel (France) par analyse du 2IOPb. Une étude expérimentale 

Trois caroUes prélevées d,ms la zone infrat idale de la baie du Mont Sai nt-Michel 
ont été datées par deux méthodes différentes: par l' utilisation des radioélémen t.~ 

naturel 210Pb CI art iliciel 137Cs. Pour deux des carottes analysées. il a été possiblc 
de calculer des laux de sédimetation. Dans les deux cas. les données obtenues 
avec les différentes méthodes sont compambles. les taux de sédimentation élant 
de 0.39 et 0.47 cm.a- I pour le premier prélèvement el 0.47 ct 0,4 cm.a· t pour le 
second. basés respecti vemcnt sur les méthodes de datation au 210Pb CI au IJ1Cs, 
Dans le tro is ième prélèvement. aucun des laux de sédimentat ion ne peut être 
précisément calculé: toutefois les données du 1J7Cs indiquent un taux de l'o rdre 
de 5 cm.a'!. Ces données sont conformes avec les estimations de sédimentation 
basées sur la comparaison de documents cartographiques CI des cl ichés successifs 
de photographie aérienne. 

OC'l'tl/lologÎC(/ AC/(J. 1991. Actes du Colloque International sur l'environnement des 
mers épicontinentales. Li lle. 20·22 mars 1990. vol. sp. nO Il , 137· 142. 

137 



G.W. BERGER, S.P.A. CALINE 

INTRODUCTION 

The objecllves of Ihis siudy wcrc 10 dale recenl lidal flal 
sedimenlS from differenl environments În the bay of Mont 
Saint· Michel and lU interprci and eva luate the extenl (Q 

which sedimentalioll "Ile is innuenced by local variations 
of hydrodynamics. geomorphology and biology. 

As a dating lechnique wc used the isotopes 2\OPb and 
131Cs. Sedimentalion rates În this area have been cSlimated 
in previous studies (Doulcier. 1977: Fetter-Tunaud. 198 1: 
Nikodic. 1981). on Ihe basis of: 

- compari son of topog raphie surveys or balh ymetrical 
maps of the saille arca. established al different limes: and 

- hydrological measuremenlS which resull in calculation of 
volumes of suspcnded matter. 

Such estimai ions arc limi ted by Ihe faet Ihal Ihey do nOI 
differenlia te belween sub sequ enl sedimentation and 
erosion: nnl y Ihe nel effect can be rneasured. The use of 
210Pb for geochronology was first suggesled by Goldberg 
( 1963). Il s 22 .3 year ha lf- life make s Ihi s isotope a 
powcrful 1001 in studying sedimentation processes. 131Cs 
(Tl /2 = 30 y) and I34Cs (Tl I2 = 2.06 y) are man-made 

radio-i so tope), and were inlrod uced in th e marin e 
environ ment by the tesli ng of nuclear weapons in the 
19505 and early 196Os. and by Ihe Chemobyl accident in 
1986. 

STUDY AREA 

The bay of Mont Sai ni-Michel (500 km2). localed at the 
southem end of the Norman-Breton gulf. expcrient"es one 
of the highe),1 lida! ranges in the world (up 10 15 Ill). The 
resu1ting strong Iidai currents. in combinai ion wilh local 
west-domin'lIed winds. generale a high encrgy environmenl 
displaying a large variety of sediment lypeS and patterns 
(Larsonneur. 1989: Caline el al .. 1982). The supcrfieial 
sediments are diSlributcd aecordi ng to IwO main grain-size 
gradi elll s. Firstly, an ove rail landward-fining gradient 
which refleels the graduaI decrease of lidal CUITent velocity 
from open marine to upper lidal zones. Secondly. a group 
of smaller scale gr.J.dients are locally superimposed on Ihis 
regional gradient, and arc rclated to scdimentary units such 
as subtidal biocJaslie shoa ls. illlenidal an neli d reds. 
migrating tidal channels or suprJlidal shell ridges. 
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CESIUM AND 210PB DATING IN THE BAY OF MONT SAINT-MICHEL 

Table] 

Rn,,}I,· coru MI. SI. Michel. 

Rtsuhats des caroues du Mont Saint-Michel. 

!kt!. ratc 210rt, (cm y-I) 
S"d.r:lle mes (cm y-I) 

Core 1 

0.39 ± 0.08 
0.48 

Core 3 Core 6 

> 1 
> 1 

0.47 ± 0.07 
0 40 

The sediments are characterized by an anomalou sly high 
carbonate fract io n for temperate tida l depos its. The 
carbonate frac tion coosists of biogenic partic les which 
form through th e break-up of mollu sc s he ll s and 
calcareous microflora. 

From a physiographi ca l viewpo int , the intenidal bay 
comp ri ses twO juxlaposed doma ins . The eaSle rn area 
displays typical features of an estuanne complex exposed 
10 strong alternating tidal curre nts. The western domain 
fonns a wide tidal fl at, gradually changing from a mud flat 
(bay ofCancalc) iOlo a sand fl at (bay of Cherrueix). 

ln Ihis area, sedimentation is controlled by both rotating 
and alternating tidal cUITenl patterns. 

SAMPLE LOCATION 

The three cores dated came from the upper zone of the 
lÎdal flal in the western domain of the bay of Mont Saint­
Michel (Fig. 1 ). 

The Ihree shallow cores (30 cm long, 9 cm diameter) were 
taken in June 1987 from d ifferent sub-environmcnts : each 
of Ihem bcing charaClerized by active recenl sedimentation 
(Cali ne, 1982). 

Core 1 (Fig. 1) 

lt is loçated in the middlc tidal zone (slikke) of the bay o f 
Cancale. Thi s slikke consists of a uniform mud flal with 
l'Hge pat c he s of fres hl y deposi led mud , c ul by a 
dendrofonn network of shallow gullies. active during the 
ehb period. 

The de ve lopme nt of a mud fiat in the bay of Cancale 
results from a cornbination of: 

- a wind-prolec ted arca due to the outcropping basement of 
the "Massif de Saint-M .. lo" whjçh fonns 60 m high cliffs 
outlining the west cm border o f the bay; 

-weak tidal c urrents with .. gyratory pallem whe reas the 
CUITenls have a rnarked nlternalive pallem cJsewhere in Ihe 
bay (Fig. 1); 

-biod e pos Ît io n of Illud by oyster bank s. The n.!lural 
subtidal oysler banks have now becn rcplaccd by oystcrs 
which are intensivel y cultivatcd in the intcrtidal flal. It 
shou ld bc noted that the installations (tables. alignmcnl of 
post.<;) contributc ta attc nunte the c urre nt veJocity and 
thercfore incrcase Ihe mud deposition. 
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Table 2 

210Pb. 226Ru und IJ7C$ dm". 

Tcneurs cn 21Opb. 226Ra Cl 137ü :. 

Core #1 (average 2IOPb supporte<! = 9.2 Hq kg-I ) 

21np" "xc. B7es 226Ra 
Dcpth (Uq.kg· l ) (Bq.kg- I) (Bq,kg- l ) 

(cm) 

0.25 49.8 ± 2.3 ]6.0±3.3 9.9 ± 1.0 
0.75 69.0± 3.0 
1.25 51.0 ± 2.3 17.2± 3.1 9.2± .9 
t.75 54.8 ± 2.5 
2.25 66.5± 2.7 ]9.1 ±5.0 8.3 ±.8 
2.75 59.2 ± 2.8 
3.25 62.2 ± 3.0 22.0 ± 4.1 
3.75 62.0 ± 3.0 
4.25 67.0± 3.2 16.1 ± 2.9 9. 1 ±.9 ,., 44.8 ± 1.8 
6.' 54.2 ± 2.0 13.1 ± 1.5 

" 4L2 ± 1.8 
10.5 34.7 ± 1.7 
11.5 38.3 ± 2.7 14.4± 2.8 9.3± .9 
12.5 35.2 ± 2.!1 
t3.5 33.2 ± VI <l 
t7.5 J8.0±2.5 
18.5 O.O± 1.5 <2 

Core #3 (average 210Ph supported = 16 Hq kg-Il 

21l/pt, exc. 137es 226Ra 

Dcplh (11'1,kg- l ) (Bq,kg-I) (Bq.kg- I ) 
(cm) 

O., 33.0 ± t.7 13.1 ± 2.0 17 ± 2 

L' 27.0 ±1.5 10.3 ± 2.8 
2.' 27.0 ± 1.3 9.0± 1.4 
3.5 32.8 ± t.7 

4.' 37.3 ± 2.8 16.7 ± 3.7 13 ± 1 

6' 52.3 ± 3.0 t9,6±2.0 
8.' 51.5±3.0 t9.0± 1.4 

13.5 46.7 ± 2.8 11.7± 1.6 
15.5 52.2 ± 3.0 t7.6± 1.5 
17.5 33.3 ± 2.3 14.0±1.t 15± 1 
20.5 35.5 ± 2.3 1J.5± 1.1 
24.5 41.8 ± 2.5 
26.0 39.3 ± 2.5 15.4 ± 1.I 18 ± 2 

Core #6 (a~·erage 210Pb supported = 15 Bq kg-I) 

2lOPh cx,. l)1e s 226J.ta 
Dcplh (Bq.kg- I) (Uq.kg-I ) (Bq,kg- I ) 
(cm) 

0.5 3B.O± 1.8 IS± 1 

L' 27.0 ± 1.2 t 1.1) ± 1.4 17 ± 2 

2' 30.8 ± 1.3 
3.' 29.2± 1.2 tO.3± 1.2 18 ± 2 

4' 25.2 ± 2.2 
5.5 27.3 ± 2.5 9.()± 1.0 Il ± J 
6.5 22.7 ± 2.3 

7' 22.7 ± 2.3 6.5 ± 1.5 

8' 22.7 ± 1.5 14 ± 1 

" ]1.4± .9 
litS 20.3 ± 1.2 
11.5 HO ± 1,5 IO.I) ± t.4 
12.5 18.7 ± 1.2 
13.5 19.8 ± 1.0 7,8 ± 1.3 
14.5 17.7±1.0 
15.5 IU)± .7 5.1 ±.9 
]6.5 .7 ± 1.0 <2 
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Core 3 (Fig. 1) 

II is 100'alcd in a ridge-prolected mud nal of Ihe upper lidal 
.1One. whi c h devclopcd bchind an ali g nm cnl of shell 
ridge s. The ridge-prolecICd mud nais !"orlll vcry aCli vc 
dep()~ili{jn ec1is wnlrolled by the migration of shell ridges 
bOlh landwards (by storm acl ion combined wilh spring 
tidal currents) and westwards (by swc[[ and tidal currC!lI 
diffraction). l llCSC mud ponds are cxposed [0 long pcriods 
of emersion during summcr time (rnud cracks devclop) 
and show cycl ic dcvelopment of hen[hic dialOm colonies 
(algae bloom). The constant risc of the mud po nd lcvcl is 
indicated by the steady seaward progrcssion of the salt 
marsh vegctation. 

Core 6 Wig. 1) 

It is locatcd o n the edgc of a mcandcring. secondary lidl.ll 
channel. Thi s channel is connecled 10 the main dis[ributary 
channel of Sai nl- BenoÎt-des- Ondes which collecis the 
marsh waters of the "Marai s de 001"'. The notLom of Ihese 
ehl.lnnels is made up of compacled. blui sh mud locally 
bOfed by colonies of pholads. 

METHODOLOGY 

210Pb dating 

210Pb (half-life 22.3 y) is a memner of the 23!1U-decay 
series. There are two major sources of ilS presence in the 
marine e nviron1l1e nl: il! .ritll radioactive decay of 226Ra 
(s upported 210 Pb ); and prod uct ion and sub sequent 
deposition and adsorption of 222Rn-produced allTlospheric 
210Pb. 

21UPb exc. is Ihe 1011.11 arnount of 2tOPb in the sediment 
minus thc supponed amount. The supporled arnount can 
he calculated by measuring Ihe 2:26Ra concentration in Ihe 
sa me sample (Tab. 2). Thi s was don e by the Ill ethod 
according [0 Math ieu el al .. ( 1980) . Sed irnentati on rates 
were calcu lated according ta the crc (Constant Ini[il.ll 
Concentrat ion) melhod (Rabbin s and Edgi ngton . 1975. 
Goldbcrg e l al .. 1 977), using [he equa[ion 

Tj=y- J.l n (A JA;) in which 

y = dec l.ly c onStant of 21U Pb (0.03114 y-I) AO = 
unsupportcd 210Pb aetivity 1.11 dep[h A o: 

Ai =unsupponed 2!OPb aClivity al depth A i; 

Ti =difference in ages of sediment :II leve1 Ao and Ai in 
years. 

:210Pb I.Ictivity was measured Viti i[s granddaughter 210PO. 
which is assumed 10 he in secular radioacti ve equilibrium 
(Goldherg, 1963). 

Samples were dried, homogcnizcd, spiked wilh a known 
amount of 20Spo as a yield dClcrminant and Icached wilh 
hot conccntrl.lted acids a ccording lU standard procedures 
(Flyn n. 1968). Polonium isotopes werc platcd on a silver 
disc at 90° Cafter reduction of Fe)';' with ascorbic acid and 
analysed by alpha speclTOmetry. 



CESIUM AND 210PB DATING IN THE BAY OF MONT SAINT-MICHEL 

The precision of the 21()Pb activi ty measurcment is 5 % or 
beller. based on counting statistics only. The total chcmical 
yield was in general 90 % or more. 

137cesÎum measurements 

Cesium was mca sured by low background ga mm a 
spectrometry. There are two major sources fo r 137Cs 
(T 112=30 y) in Ihe marine environment: fallout produced 
by nuclear weapons tests in the 1950s and early 1960s. 
which was at its maximum in 1963; and nuclides libemted 
by the accident at the nuclear power station at Chemobyl 
on 26 April 1986. Th e radioactive waste travelled to 
Western Europe with lower tropospheric air masses and 
reached P:lris on 30 April , southem England on May 2. the 
southern Nort h Sea on 3 May. Rainfall was the major 
pathway of deposited activity (Kempe and Nies, 1987). 

Since the lime bctween our cesium measurements and the 
Chernobyl accident is more than two years. the 134Cs (T Jl2 
= 2.06 y) co nccntrations arc c lose 10 or below our 
detection limit (± 1 Bq.kg- I). 134CS (measured at the 604.7 
and 795.8 KeV lines) was delectable al only one horizon 
in each core. coi ncidin g wit h the 137Cs maximum 
auributed to the Chemobyl fallout . 

RESULTS AND DISCUSSION 

2\OPb, 226Ra. J34Cs and 137Cs data are givcn in Table 2, 
Table 3 and Figure 2. The resulting sedimentation rates are 
summurizcd in Table 1. 

Core 1 

It shows an eXfXmcntial decreasc of 210Pb wilh deplh (Fig. 
2). 

For this core thc sedimenlation raIe as ca1culatcd from Ihe 
2\OPb data is 0.39 ± 0.08 cm.y-I. 

The l37Cs data (Fig. 2) agree weil with thi s. The 137Cs 
maximum of 1963 is found al I l .5 cm dcpth which yiclds 
a sedimentation rate 0 f0.48 cmyl. 

The 210Pb profile shows a bioturhatcd layer of 4.5 cm 
thickne ss. Thesc data have been ornitted in the 
sedirnenttltion raie c:l1culation for this core. 

If we assume a sedime nta ti on rat e of 0.4 cm.y-t. the 
cesium related to the Chemobyl accident should bc found 
al 05 cm dep!h. This mllxi ll1um is round lit 3.25 cm depth. 

Tahlc 3 

/J~cs lIclil'ilil'S. corrcl1t'lI!or tI"cuy buck 10 / Muy /986. 

Tcneur~ en l.14C~ (valeurs 1er mai (986). 

Con: Dcpth (cm) Conct'nlra tion (8q.kg- l ) 

1 3.25 J.O ± 2.7 
J 6.' 1.6 ± 1.2 
6 U 3.5 ± 3.0 
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Possible explanations lire: 

1) Post -depo s itiona l mobilization and downward 
transportation of cesium. especially in anoxic sed i ment~, 

found by Coman~ el al. (1989). 

2) Bonneil el (1/. ( 1988) fou nd 137Cs activitie~ 111 the 
fine st fraction « 2 I-Im) 5-7 times highcr Ih an in the 
cOllrser (> 62.5 I-Im) fmction. 

Unfortunately. grai n-size variations cannot he taken into 
account sincc relevant data are not available. 

Core 3 

The data from core 3 are more difficult 10 interprete. The 
2tOPb profilc is very irregular (Fig. 2) and a sedimenlation 
rate cannat be calculated . Unsupported 210Pb can be found 
to a depth of up tn 30 cm, which means that this sediment 
is re lalively you ng and that at thi s loca t ion the 
sedimentation rate is high. 

The core seems ta be too short ta show the 137C~ fallout 
peak reltlled to th e yea r 1963, which mean s that the 
sedimentation rate i ~ more than 1 cm.y- l. The Cs profi le 
shows a maximum at 6 cm. At this horizon there is a weak 
134Cs s igna l. whic h mu s t be related 10 fallout from 
Chernoby l. result ing in a sedimen tation rate of a few 
centimetres per year. 

Com pari son of succe ss ive aerial photograph survey s 
(ae rial surveys between 1969 and 1986 made by the 
IIwilUl Géographique National) show that this mud pond 
is twelve years (± 2 years) old. The sedimentation rate is 
therefnre ranging from 2.5 to 5 cm.y-I. 

Core 6 

This core displays characteristics similar 10 those of core 
1: il shows an eJlponential decrease of 210Pb with depth 
(Fig. 2). 

For Ihi s core the sedimentation raIe as calculated from the 
210Pb profile is 0.47 ± 0.07 cm.y-l. 

The 137es peak related to the year 1%3 is found at a deplh 
of 9.5 cm. resulting in a scdimentation raie of 0.40 cm.y- t. 
Thi s core is well-Iaminated lInd unli ke core l , the 210Pb 
and 137Cs profiles indicalC lhat hioturbation ducs not play 
an important role in th is core. This is conlirmed by the 
cesium profile. 134c.~ and 137Cs, related to the Chemobyl 
accident. are fou nd in Ihe top few centimelres. 

CONCLUS IONS AND IMPLICAT IONS 

The 21()Pb dating techn ique, especially in combÎnation 
with Cs meas urcme nl s. is an att racliv e me lhod o f 
assessing rates of deposi tion in modern tidal environments. 

• Thi s pilot s tud y shows Ihal t he 210Pb _dcrived 
sedimentation rmes (0.4 to 5 cm.y- t) :lre wÎthin the range 
of previous regional estimales. Long lenn sedimentation 
rates (since 1829), bl1 scd on cartographi cal data. show 
sedimentation rates of around 0.45 cm.y- l in Ihis part of 
the blly (Larson neur, 1989). 
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For a lllcaningful cs tim atio n of thc rcgional rate of 
sed imentation usi ng llOPb dat ing. the intcgration oLl large 
lIumber of (;orcd samplcs fmm both a(;tive sedimentation 
and erosion areas is recommcndcd. 

Rcliablc asscs~ement of the raIe of scdimelllation has 
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