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This paper describes the combined use of 1:37CS and 210Pb radiotracers for obtaining information on sedimentation

which in a changing coastal environment is subject to erosion, losses of sediments, and deposition of material that

had been remobilized before from near-shore sediments in the course of storm surges. Geochronologies were estab
lished for sediment cores taken from salt marsh cliffs on the Isle of Sylt (Germany). Concentrations of 137CS and of

excess 210Pb were measured -y-spectrometrically. Micromorphological analyses of thin-sections showed that sediment

mixing in all cores is negligible. An advection model was fitted to the vertical distributions of 137CS. The results indicate

that cores taken from sparsely vegetated areas had been denudated prior to sampling. This was confirmed indepen

dently by the lack of any Chernobyl-derived cesium in these cores. Taking denudation into account, 21°Pb geochro

nologies are consistent with sediment dating based on the 137CS data. Grain size analyses showed that only some

sediment layers include a coarse sand fraction. The dating of these sandy layers coincides with periods of elevated

storm surge activities, giving an independent validation of our method. We can conclude that sedimentation rates at
the sites studied remained almost constant during the last 50 years. It is shown that capabilities and limitations of
the l:ncs and 2JOPb methods are complementary and that the combined use of both radiotracers is necessary for

establishing reliable geochronologies in coastal environments.

ADDITIONAL INDEX WORDS: Salt marsh geochronology, radiotracers, sedimentation rates, denudation.

INTRODUCTION

The present sea level rise that is generally attributed to

global warming is likely to affect severely low-lying coastal

areas around the world. Assessing this risk requires inter alia

studying sediment fluxes in coastal areas and their changes

with time. During the last decades 137CS and 210Pb radiotrac

ers have frequently been employed to determine recent sed

imentation rates in lakes (e.g., KRISHNASWAMY et al., 1971;

ROBBINS and EDGINGTON, 1975; STILLER and IMBODEN,

1986; ROBBINS and JASINSKI, 1995), in marine sediments

(e.g., KOIDE et al., 1972; DOMINIK et al., 1978; ABRIL et al.,

1992) and in accreting salt marshes (e.g., DELAUNE et al.,

1978; LYNCH et al., 1989; FRENCH et al., 1994). Compared to

these environments, coastal areas at risk from a rising sea

level and from an increase of storm surges may show highly

disturbed and incomplete sediment records: sedimentation

processes may change with time and may be subject to epi

sodic deposition events, erosion, losses of sediments, and de

position of material that had been remobilized before from

near-shore sediments in the course of storm surges. To our

knowledge onl.: l :., ,ON et al. (1983) established a geochro

nology of a rapidly changing coastal environment. They were
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able to identify storm surge deposits using 210Pb dating, but

noticed some disagreement with dates based on the 137CS

measurements. Moreover, MILAN et al. (1995) recently ques

tioned the applicability of the 137CS method for calculating

sedimentation rates in coastal environments.

We investigated whether combining the information avail

able from the distributions of 210Pb and 137CS within the sed

iment sequence may provide consistent information on the

sedimentation chronology in rapidly changing coastal areas.

The island of Sylt, located in the German Bight of the North

Sea, provides an ideal environment for this purpose because

a rise in sea level and an increase of storm surges during this

century have been previously documented. Thus, a second ob

jective of this study is to establish the influence of these en

vironmental changes on sedimentation and erosion processes

at our experimental sites.

STUDY AREA

The island of Sylt is one of the barrier islands along the

Wadden Sea coast of the North Sea. The morphology and hy

drology of the area are described in detail by EHLERS(1988).

The mean tidal range at Sylt is about 1.7 m (STALEIN et al.,

1993). From gauge measurements along the German North

Sea coast over the last 100 years a sea level rise of 0.2-0.3

em v ' has been deduced (EHLERS, 1988). The frequency and

digitstaff
Text Box



484 Kirchner and Ehlers

Figure 1. Location of the study areas.

SAMPLING AND ANALYTICAL METHODS

Cores were taken near the tops of the cliffs in 1992. Two

of the cores (MoSKF and MoSKG from Morsum South 2) were

sliced into layers of 1 em thickness, for the other two (MoSKB

from Morsum South 1 and MoNK1 from Morsum North)

coarser segmentations varying from 1 to 10 em were chosen.

For all samples grain size distributions were determined us

ing standard procedures (GEE and BAUDER, 1986).

Thin-sections of the cores were prepared according to the

technique described by CADY et al. (1986) and did not indicate

MODELS USED FOR DATING

Cesium-137

l:ncs is a uniquely anthropogenic nuclear fission product.

Since 1954 it is globally detectable in the environment as a

result of atmospheric testing of atomic weapons. l:ncs in the

North Sea originates from four main sources: (i) fallout of

weapons testing, which peaked in 1963 and rapidly declined

afterwards, (ii) emissions from the nuclear reprocessing plant

at Sellafield (UK) with peak output between 1974 and 1978,

(iii) emissions from the French reprocessing plant at Cap de

La Hague, and (iv) fallout after the Chernobyl reactor acci

dent in 1986. Annual means of concentrations measured in

surface waters of the German Bight are shown in Figure 2.

Cesium is strongly sorbed on fine particles, particularly clay

minerals, silts and humic materials (STANNERS and ASTON,

1981; CUNDY and CROUDACE, 1995; MILAN et al.. 1995).

Therefore, activity concentrations for each sample were nor

malized to the sum of the mineral fraction with grain size

<20 urn and the organic fraction (ACKERMANN et al., 1983).

Sediment accumulation rates are traditionally calculated

by relating the first occurrence of l:ncs in the sediment se-

any major redistribution within the sediment sequences. Fur

thermore, no compaction of deeper sediment layers was ap

parent.

21°Pb is traditionally determined by measuring o-spectro

metrically its 138 d half-live decay product 210PO. This method

requires laborious radiochemical separation techniques and

long interim storage times to ensure that equilibrium be

tween these two radionuclides has been attained. Therefore,

we determined 210Pb "Y-spectrometrically by measuring its

46.5 keY gamma line using a large volume Reversed Elec

trode High-Purity Germanium detector (Canberra, 55 % rel

ative efficiency). Unlike conventional coaxial detectors, this

detector has a useable energy range which extends below 50

keY (down to 5 keV). Activity concentrations of 226Ra were

determined indirectly by utilizing the 352 keV v-Iine of its

decay product 214pb, since the gamma decay energy of 226Ra

(186 keY) interferes with a v-Iine of 2:~f)U which may also be

present in the sediments. Activity concentrations of 1:~4CS (604

keY), l:37CS (661.6 keY), 210Pb and 214Pb were simultaneously

determined.

As the intensity attenuation of the low-energy rays of 210Pb

within the sample considerably varies with changing densi

ties of the sediment, 45 g of sediment were mixed with ap

propriate amounts of wax and pressed to pellets of standard

geometry (70 mm diameter, 10 mm height) and density (1.5

g em :3). For this geometry and density the detector had been

calibrated using a multi-isotope standard. The calibration un

certainty is below 50/0. All samples were sealed prior to the

measurements and stored for more than three weeks to en

sure that 226Ra is equilibrated with its decay product 214Pb.

The reproducibility of the sample preparation was checked

by preparing dublicates from some sediment layers. Taking

into account the analytical uncertainties (detector calibration

uncertainty and counting statistics), no differences between

radionuclide concentrations of dublicate samples were de

tected.
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intensity of storm surges in the Sylt area have both increased

over the last 90 years (STABLEIN et al., 1993).

Three experimental sites were chosen on undiked salt

marshes (STABLEIN et al., 1993). Two of these (Morsum South

1 and Morsum South 2) are situated on the southern coast,

while the third (Morsum North) is on the northern coast of

the Nosse Peninsula (Figure 1). Both coasts are retreating

(STABLEIN et al.. 1993). The heights of the cliffs forming the

coastlines vary between 20 and 110 em. In the cliff profiles

distinct layers are visible that indicate undisturbed sediment

sequences. At Morsum North and Morsum South 2 great

parts of the cliffs are covered by dense vegetation, whereas

the cliff at Morsum South 1 is unvegetated. STABLEIN et al.

(1993) estimate that these three sites, lying ca. 1.5 m above

mean sea level, are flooded between 10 and 20 times per year.
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Figure 2. 1:l7CS concentrations in surface waters of the German Bight.

Data taken from the compilation by BAUMANN (1991) and from annual

monitoring reports (BMU, undated),

(4)

806040

DEPTH [em]

20

},

C(.~x, t) = r; L t.c: rnexp( -AT rn )

o

30

t tt
MoNKl
total sediment

20 +t tt t+ tt
I

10

f f t f +tf ++ +l:llJ
~

0"'

+ + +++e. 0
:>-<
E-<

>
E=: 80

+f t 1

MoNKlu
<

M normalized
.d'

~n..
60

40

tt ft +', tt+
20 t f +t +

0 + + ++++ ~

water. Thus, the input function 10 IS constant within each

year:

Io(t) = K,-;C;; for (i - l)Llt < t :::; iSi, i = 1, ... ,N (3)

Figure 3. Distribution of excess 21°Pb in core MoNKl. Top: activity con

centrations per kg of bulk sediment, bottom: data normalized to the or

ganic fraction plus the mineral fraction of <20 urn grain size of the sam

ples. Error bars denote the sample thickness horizontally and one stan

dard deviation of the activity including counting statistics and detector

calibration uncertainty vertically.

where Llt = 1 year, K; is the water-particulate distribution

coefficient (m' kg 1), COl (Bq m :3) are the mean annual con

centrations of l:ncs in sea water as shown in Figure 2, and

N is the number of years since l:37CS was detected in sea wa

ter for the first time (i.e., 1954).

Sectioning of the sediment cores will generate samples

which are comprised of sediments deposited in several years.

Cesium concentrations in such samples will be the average

of the annual deposits included in the analysed core sections.

Using eqns. (2) and (3) we obtain
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where C is the \:17Cs activity concentration in the sediment

(Bq kg 1). x is the depth measured from the top of the sedi

ment core (cm i, 8 is the sedimentation rate (ern y 1) and A is

the radioactive decay constant (y 1), For the initial condition

C(x, 0) = 0 and a time independent sedimentation rate, eqn.

(1) has the simple solution

C(x, f) = 10 (I})exp( -~x)

quence to the year 1954 and its maximum activity to 1963

(e.g., DELAUNE et al., 1978; DOMINIK et al., 1978; CHANTON

et al., 1983; LYNCH et al., 1989). The small amounts initially

present in 1954 may no longer be detectable. The main short

coming of basing a sediment geochronology on a few point

markers is that it makes only little use of the information on

sedimentation processes which is stored in the 1:37CS distri

bution in the sediment sequence. In particular, changes of

sedimentation rates with time can not be identified only from

a few datums.

Particle-associated tracers are transported within the sed

iment column by sediment accumulation as well as by sedi

ment mixing. Particle mixing often is assumed to be analo

gous to eddy diffusion, with tracer displacement within the

sediment column being described by the diffusion-advection

equation as first proposed by GOLDBERG and KOIDE (1962).

If particle mixing and sediment compaction are negligible

(see above), this equation simplifies to

aC(x, f) aC(x, t)
--= -8--- AC

at ax

where L1x = X i+ 1 - Xi is the length of the core section. The

indices j, k are given as

where Int denotes the integer part function. The fraction t;
each annual layer contributes to a distinct core section L1x is

where L; is an arbitrary time-dependent input function (Bq

kg 1) of the parameter e = t - x/So Cesium in sea water

becomes attached to inorganic particles by ion exchange re

sulting in a dynamic equilibrium between the Cs in water

and on suspended particulates (DUURSMA and EISMA, 1973;

OLSEN et al., 1982), In the following, the cesium loading of

particulate matter at the time of sedimentation is assumed

to be proportional to the mean annual concentration in sea

j = Int(sX~t) + 1, k = Int(~~~) + 1 (5)
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Table 1. Sedimentation rates and denudations calculated for the carious

cores; for explanation of the uncertai tities stated, see text.

Figure 4. Distribution of 1:17CS in core MoNK1. Top: activity concentra

tions per kg of bulk sediment, bottom: data normalized to the organic plus

<20 J-Lm mineral fractions of the samples. Error bars are as in Figure 3.

Xi
m-- m =)

ss:

I; = ~ 1 j < m < k (6)

~~ - (m - 1) m = k
S~t

o ± 0.5

7 ± 0.5

13 ± 0.5

16 ± 0.5

Denudation

(crn )2111Pb

0.94 ± 0.19

1.20 ± 0.22

1.15±0.19

0.58 ± 0.06

Sedimentation Rate

[em y 11

l:17CS

0.92 ± 0.02

1.52 ± 0.04

1.28 ± 0.02

1.02 ± 0.01

MoNKI

MoSKE
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MoSKG

Core

background value produced by its long-lived precursor 226Ra

in the sediment. Concentrations of the 'supported' 210Pb are

usually low compared to those of excess 210Pb; however some

exception has been reported (STILLER and IMBODEN, 1986).

Like Cs, Pb is preferentially sorbed to clay minerals, fine silts

and humic materials (BENNINGER and KRISHNASWAMI,

1981; OLSEN et al., 1982; CHANTON et al., 1983; CUNDY and

CROUDACE, 1995). Therefore, activity concentrations of lead

in each sample were also normalized to the sum of the min

eral fraction of <20 urn grain size and the organic fraction

(ACKERMANN et al., 1983). Excess 21°Pb was calculated by

subtracting 214Pb activity concentrations measured in equilib

rium with 226Ra from 210Pb activity concentrations.

The use of 210Pb for sediment geochronologies is based on

observations showing that annual deposition of excess 210Pb

from the atmosphere is relatively constant (TUREKIAN et al.,

1977; RANGARAJAN et al., 1986). As a consequence, it is rea

sonable to assume constant concentrations of excess 210Pb in

sea water and on suspended particles. If mixing processes

and compaction within the sediment core can be disregarded

(for our cores this was confirmed by thin-section analyses, see

above), and if additionally the sedimentation rate is assumed

8060

MoNKl
normalized

MoNKl
total sediment

40

DEPTH [ern]

20o

+
60

::L +++--+-

-+-
I

eo
~

0"'

e. 0

~
;;

100 r +~
u
c::x:

Vl

80 l +§U
t

60 t ++
-+-

+ -+-

40r -+ -+
-+

20

0

Lead-210

21°Pb is produced in the atmosphere by the decay of gaseous

222Rn and reaches the sea surface by precipitation scaveng

ing. In coastal marine waters it readily adsorbs to suspended

particles (SCHELL, 1977) which may be incorporated in the

sediments. This 'unsupported' or 'excess' 210Pb decays to the

An algorithm based on eqns. (4) to (7) was developed and

built into the nonlinear regression code PAR of the BMDP

statistical code package (DIXON, 1990). Using K, and S as

free parameters, this model was fitted to the vertical distri

bution of 137CS in a core. Since the cores were taken from the

tops of the coastal cliffs, we can not exclude that part of the

sediment sequence had been denudated (e.g., due to storm

surges) prior to sampling. To test this, fitting was performed

repeatedly for each core with the x-coordinate shifted by an

increment 8x which was varied until the best fit was ob

tained.
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Figure 5. Fit of the 1:17CS model (dotted line) to the measured activity

distribution (data points) in core MoSKF. The error bars of the experi

mental data have the same meaning as in Figure 3.
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Using the cesium transport model described above, we ob

tained the sedimentation rates and denudations given in Ta

ble 1. Uncertainties given for the sedimentation rates denote

their asymptotic standard deviations. The uncertainties of

the denudations were estimated taking into account (i) the

difficulties in exactly localizing the uppermost sediment layer

in the plant rooting zone if the sediment was vegetated, and

(ii) the uncertainty due to shifting the x-coordinate in 1 em

steps when testing for denudation. The sedimentation rates

calculated are in good agreement between the 4 cores with a

mean of ca. 1 em per year. For MoSKF and MoSKG, the ce

sium data indicate considerable denudation. This result is

supported by the fact that no 134CS was detected in either

sediment column. This isotope, which has a half-live of 2.04

years, was initially present in the Chernobyl fallout with an

134CS:137CS activity ratio of 0.528 ± 0.008 (KIRCHNER and

NOACK, 1988). 137CS concentrations in the uppermost samples

of these two cores were high enough to have allowed detection

of 134CS if the cesium in these samples had come from the

Chernobyl accident. One potential explanation for the en

hanced denudation at these sites may be that both sites are

more sparsely covered by vegetation than the Morsum North

site (MoNK1), for which no denudation is apparent.

As an example, for the MoSKF core the model matches the

overall measured trend quite well, but deviations are appar

ent (Figure 5). Partially they may be caused by the assump

tion made (eqn. 3) that cesium loadings of particulate matter

at the time of sedimentation correspond to the mean annual

concentrations in sea water. Cesium concentrations in waters

of the German Bight often showed large fluctuations within

one year (BMU, undated). As concentrations attached to sus

pended particulates closely follow concentrations in sea wa

ter, actual 137CS concentrations of sediment deposited in a

single event (e.g., during a storm surge) could differ consid

erably from concentrations calculated based on annual

means. However, since no data are available on short term

fluctuations of cesium concentrations in sea water in the area

of the island Sylt, using annual mean values seems to be the

most reasonable approach.

Concentrations of the cesium peak at about 20 em depth

are clearly underpredicted (Figure 5). This discrepancy is

seen similarly for all cores analyzed. A reasonable explana

tion is given by the fact that in our model direct atmospheric

deposition of 137CS is not taken into account. As our sampling

sites are flooded by high tides only, this atmospheric pathway

<20 J.Lm grain size of the sediment samples (Fig. 3; bottom)

records an exponential decline with depth as predicted the

oretically (see eqn. (8)), although some scattering (discussed

below) is still apparent.

For the same core, no cesium was detected below 36 em

depth (Figure 4). In the uppermost part of the core (0-6 em)

the Chernobyl-specific isotope 1:34CS was detected. If activities

are normalized to the sum of the organic and the <20 J.Lm

grain size mineral fraction of the sediment samples (bottom

panel), the elevated cesium input due to the Chernobyl acci

dent becomes apparent in terms of Cs flux.

Sedimentation Rates Based on 137CS
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As a typical example, raw excess 210Pb activities of bulk

sediments of the MoNK1 core show large fluctuations and in

parts of the sediment column hardly any variation with depth

is apparent (Figure 3; top). Normalizing the lead activities to

the sum of the organic fraction and the mineral fraction of

Grain Size Effects

RESULTS AND DISCUSSION

Using C ~ x and S as free parameters, eqn. (8) was fitted to the

vertical distribution of excess 210Pb in a core. The nonlinear

regression code PAR of the BMDP statistical code package

(DIXON, 1990) was used again. A successful fit to the exper

imental data is interpreted as suggesting that the underlying

assumption of a constant sedimentation rate holds.

where C ~ ~ is the concentration of excess 210Pb in the sediment

at the time of deposition (Bq em 3). This model often is re

ferred to as the 'constant initial concentration (c.i.c.)' model.

Eqn. (8) corresponds to the solution of eqn. (1) for steady

state conditions. APPLEBY and OLDFIELD (1978) were the

first to propose the 'constant rate of supply (c.r.s.)' model

which accounts for varying sedimentation rates. In this mod

el the age t, of a sediment at depth x is

Figure 6. Fit of the c.i.c. model (dotted line) to the activity distribution

of excess 210Pb measured in core MoSKE. Error bars are as in Figure 4.

not to vary with time, the concentration of excess 210Pb, Cex ,

at depth x is given by (KRISHNASWAMY et al., 1971)

Ce,{xl = c~xexp( -~x)

Journal of Coastal Research, Vol. 14, No.2, 1998
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Figure 7. Grain size distributions of the samples of core MoNK1, Ll7CS and 210Pb ages of samples enriched in coarse material and years of elevated

storm surge activity; uncertainties of the geochronologically derived dates denote one standard deviation.

has contributed significantly to cesium loading of the sedi

ments during the time period of high concentrations of l:37CS

in the atmosphere around 1963. From the depth distribution

in soils in Northern Germany, a mean deposition of 3000 Bq

m ~ of nuclear weapons fallout l:ncs is deduced of which ca.

50(.1r were deposited between 1963 and 1965 (KIRCHNERand

BAlTMGAHTNER, 1992). With mean bulk densities of our sed

iments of ca. 1.25 g em :3 this corresponds to 125 Bq em kg 1

1::iCS (ca. 250 Bq em kg 1 after grain size correction) of at

mospheric origin. Taking radioactive decay into account, this

figure is in good agreement with the peak area not accounted

for by our model (Figure 5).

In addition, the benefit of using the somewhat more so

phisticated model of eqns. (4) to (7) rather than basing the

interpretation simply on the location of cesium peaks in the

sediment column is clearly shown (Figure 5): in the usual

approach the occurrence of some denudation could be inferred

from the lack of any Chernobyl peak. However, to quantify

its extent and, as a consequence, to calculate any sedimen

tation rate for these cores would be impossible.

Sedimentation Rates Based on 210Pb

Considering their asymptotic standard deviations, sedi

mentation rates calculated from the excess 210Pb activity con-

centrations using the c.i.c. model (eqn. (8)) are in good agree

ment with sedimentation rates calculated from the l:liCS data

for three of the four cores analyzed (Table 1), This correspon

dence between the results of two independent methods gives

additional credit to the suitability of both techniques. For the

MoSKG core, however, significantly different sedimentation

rates were calculated by the two radiotracer methods. Since

the depth distributions of both radionuclides were reasonably

well fitted by the employed models, neither can be excluded.

The excess 210Pb exponentially declines with depth as pre

dicted by eqn. (8), thus confirming the applicability of the

c.i.c. model (Figure 6), However, similarly to the other three

cores, the scattering of the 210Pb concentrations we find is

much higher than reported for lacustrine ie.g.. Robbins and

EDGINGTON, 1975) and marine ie.g., KOIDE et al., 1972) sed

iments. This may reflect the greater variability of both the

processes and the type of particulate matter contributing to

the accretion of sediments in a rapidly changing coastal en

vironment. In addition, part of this scattering may be caused

by temporal variations of 210Pb in the atmosphere (JAWO

ROWSKI et al., 1978; RANGARA.JAN et al., 1986),

The contribution of direct atmospheric deposition to the

measured excess 210Pb can be estimated as follows: NIJAM

PURKAR and RAO (1993) report a mean annual deposition of

Journal of Coastal Research, Vol. 14, No.2, 1998
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Figure 8. Grain size distributions of the samples of core MoSKB, l:l7CS and 210Pb ages of samples enriched in coarse material and years of elevated

sturm surge activity; uncertainties of the geochronologically derived dates denote one standard deviation.

3.67 mBq cm ~ y 1 in the 30-60oN latitude belt. Assuming

steady state conditions, this implies a total ~ l O P b inventory of

0.12 Bq cm ~ in a sediment or soil column. Bulk densities of

our sediments are ca. 1.25 g cm :!, resulting in a steady state

excess ~ l O P b inventory of 95 Bq cm kg 1 in the sediment se

quence. The inventories which we measured in our sediments

are always by more than a factor of 8 larger than this amount

te.g., Figure 3), showing that lateral transport of 210Pb at

tached to particulate matter dominates at these sites. The

global figure given by NIJAMPURKAR and RAO (1993) is in

good agreement with the ~ I O P b regime in our study region:

concentrations of ~lOPb measured in rain water in Germany

are in the range of 20-100 Bq liter 1 (BMU, undated); with

a mean precipitation of 700 mm y 1 this results in annual

depositions of 1.4-7.0 mBq cm 2 y 1. It should be noted that

direct atmospheric deposition of 210Pb does not limit the ap

plicability of eqn. (8) as long as residence times of 210Pb in

coastal waters are low.

Application of the c.r.s. model (eqn. 9) to the 210Pb data of

these cores is impossible. The reason is apparent from Figure

6: Concentrations of Pb-210 are exceptionally low between 15

to 19 em depth. Since sediment dating indicates that these

layers are storm surge deposits (see below), a reasonable ex

planation is that these are aged sediments which had been

remobilized in the course of a storm surge and subsequently

redistributed. Such a process, however, violates the basic as

sumption of the c.r.s. model that every deviation of the excess

210Pb from a strictly exponential decline with depth is due to

a variation in the sedimentation rate.

It should be noted that capabilities and limitations of the

l:ncs and 210Pb methods are complementary: In contrast to

the l:ncs data, no information on denudation is available

from the 21°Pb profile. On the other hand, any hiatus in the

sediment sequence is easily apparent as a sharp step in the

210Pb distribution with depth (ROBBINS et al., 1978), but

would be difficult to be detected from the cesium data. As a

consequence, only the combined use of both radiotracers is

likely to give reliable estimations of sedimentation rates in

coastal environments.

Sediment Geochronologies

Using the sedimentation and denudation data from Table

1, geochronologies of the analyzed sediment cores were es

tablished (Figures 7 to 10). For the 210Pb geochronologies the

denudation derived from the corresponding 137CS distribution

with depth was taken into account. For comparison, phases
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Figure 9. Grain size distributions of the samples of core MoSKF, 1:17CS and 21()Pb ages of samples enriched in coarse material and years of elevated sturm

surge activity; uncertainties of the geochronologically derived dates denote one standard deviation.

of elevated storm surge activities in the Sylt area (EHLERS,

1988; STABLEIN et al., 1993) are listed.

For three of the four cores (MoNK1, MoSKE, MoSKF),

some of the samples show elevated fractions of coarse sands

(>200 p.m grain size), Both the l:ncs and the 21°Pb geochro

nology indicate that these layers correspond to years in which

high storm surge activities have been recorded (Figures 7 to

9). This confirms results reported by CHANTON et al. (1983)

who in rapidly accreting coastal sediments found a number

of distinct sand layers and interpreted these as storm surge

traces by using a ~1()Pb geochronology. Even elevated fractions

of coarse material which are barely apparent from a visual

inspection of the sediment core may indicate storm surge de

posits (Figure 7), This result could be particularly useful if

sedimentation rates are low, since identification of storm

surge traces will be possible without the need of choosing

very fine segmentation of a sediment core-a conclusion

which is confirmed by our success in identifying storm surge

deposits in the MoNKl and MoSKE cores partially sliced in

quite coarse segments (Figures 7, 8).

The close agreement of the l:ncs dates of the sand-rich sed

iment samples in these three cores with known periods of

elevated storm surge activities in the study area is remark

able. It confirms the applicability of our simple 137CS sedi-

mentation model in spite of the deviations of its fits from the

measured concentrations (see Figure 5 and discussion above).

Taking into account their asymptotic standard deviations,

210Pb derived ages of the sand-rich layers are in good agree

ment with their corresponding l:ncs ages and with years of

elevated sturm surge activity. The larger uncertainties of the

210Pb geochronology reflects the scattering of the excess 210Pb

in the cores analyzed (Figure 6).

Core MoSKG taken from Morsum South 2 is exceptional:

Not only is there disagreement between the sedimentation

rates calculated by the two radionuclides, but the sediment

sequence does not show any marked layers enriched in coarse

material (Figure 10), As a consequence, no reasonable geo

chronology could be established for this core. We plan to re

sample this area in order to decide whether the results given

here are an artefact or reflect sediment deposition processes

which violate basic assumptions of the employed models.

All geochronologies shown in Figures 7 to 9 are based on

models which assume constant sedimentation rates. Their

good agreement with the sturm surge records indicates that

the sedimentation regime in this area has not changed sig

nificantly during the last ca. 45 years despite of the increase

in both frequency and intensity of storm surges during this

time period, as documented by STABLEIN et al. (1993). The
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Figure 10. Grain size distributions of the samples of core MoSKG and 1:17CS and 210Pb ages of samples enriched in coarse material; uncertainties of the

geochronologically derived dates denote one standard deviation.

success in tracing back storm surge deposits in core MoNK!

to the beginning of this century might suggest that sedimen

tation rates remained constant even for more than 70 years

but without confirmation by additional evidence this conclu

sion must be taken with caution.

CONCLUSION

The present study shows that by using the distribution

with depth of both 1:r7Cs and 210Pb it is possible to date recent

sediments in rapidly changing coastal environments. Activity

concentrations measured always must be corrected for grain

size effects. Since capabilities and limitations of information

available from these two radiotracers are complementary in

many respects, both methods have to be combined in order

to identify processes such as denudation, hiatus, varying sed

imentation rates and deposition of aged coastal sediments af

ter remobilization. Thin-sections give valuable information

on the extent of sediment mixing and compaction, and they

supplement the radiotracer methods. Interpretation of the

l:ncs data should be based on a suitable transport-sedimen

tation model in order to fully utilize the information available

from the l:ncs distribution in the sediment sequence and to

avoid misinterpretation of spurious peaks.

The validity of the proposed methodology is confirmed by

the analyses of sediment cores taken from coastal cliffs at

three different sites situated on the Nosse peninsula of the

island Sylt. From the distributions of the two radiotracers

within the cores, sedimentation rates in the order of 1 ern y 1

were calculated. The l:37CS sedimentation model shows that

at two of our study sites the tops of the cliffs are being de

nudated. For three of the four cores analyzed, \;{-;'Cs- and

210Pb-derived sedimentation rates are in close agreement. In

these cores elevated fractions of coarse material correspond

to periods of high sturm surge activity in this area. The re

sults also indicate that sedimentation rates did not change

within the last ca. 45 years, although an increase of storm

surge activities has been documented for this time period. For

one of the cores no reasonable geochronology could be estab

lished. As a consequence, we recommend to always take rep

licate samples from each site in any similar study.
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