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ABSTRACf
Martin, J-M., Meybeck, M., Nijarnpurkar, V.N. and Sornayajulu, B.1.K., 1992. 21OPb, 226Ra and 32Si in Pavin lake (Massif
Central, France). Chern. Geol, (Isot, Geosci, Sect.), 94: 173-181.
Measurements of cosmogenic 32Si and the U-decay series' nuclides 210Pb and 226Ra in waters and sediments of lake
Pavin are reported. Both 210Pb and 226Ra are enriched in the anoxic deep waters compared to the oxic surface waters,
respectively by a factor of 4 and 10, whereas 32Si is depleted by a factor of - 2. Redox conditions in the lake appear to have
no marked effect on the 32Si. Using a steady-state box model it is shown that the deep-water 32Siconcentration is controlled
by the underground lacustrine springs. The residence times of 21°Pb, 32Si and 226Ra are - I, - 10 and - 80 a, respectively.
In the case of 32Si, where more data are available, the assessed inventory data from the overhead atmospheric fallout and
that measured in the sediments agree very well as expected. The 21OPb_ and 32Si-based deposition rates during the past
- 100 a ranged from 0.8 to 1.9 mm a-I, earlier these were a factor of - 3-5 faster. The geochemistry of JZSi and 210Pb in
lake Pavin in many ways resembles that in the ocean, only the time scales of the processes involved are faster.

1. Introduction

In view of the vastness of the oceans and the
complexity of marine processes an alternative
approach to understand the aqueous biogeochemical processes would be through study of
small and well-defined ecosystems. Indeed
Volchok et aI. (1970) did take such an approach: they studied a crater lake to understand oceanic fallout. A number of earlier
works too realised the value of studying geochemical processes in lakes, well defined with
respect to their sources and sinks (Lerman,
1978). It is well known that lake sediments are
ideal for storing records of short-lived phenomena (Krishnaswami and Lal, 1978).

IOn leave at: Laboratoire de Geologie Appliquee, Universite Pierre et Marie Curie, 4 place Jussieu, F-75230 Paris
Cedex OS, France.

.

Due to its geochemical and morphological
characteristics, Pavin lake in the Massif Central, France, appears to be ideally suited for
such studies (Martin, 1985). It is located in a
remote area far from industrial sources. Due
to its forested watershed, the lake sediments are
basically biogenic, consisting of ~ 90% diatomous substance with negligible detrital materials. From a chemical point of view the lake is
characterised by the presence of two stratified
layers, the upper oxic layer (mixolimnion)
which is affected only during winter by mixing
and the deeper and totally anoxic layer (monimolimnion) which has steady-state conditions (Meybeck et aI., 1975). The present investigation, using the V-decay series' nuclide
210Pb (half-life=22.3 a) and cosmogenic 32Si
(= 140 a; see Somayajulu et al., 1987, 1991),
is intended to determine the accumulation
rates of the lake sediments as well as to understand the aqueous geochemistry of Pb and Si
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through their radioactive isotopes (Krishnaswami et aI., 1971; Koide et aI., 1973; Robbins,
1978; Schell, 1982;Lal and Somayajulu, 1984).
2. Materials and methods
Pavin lake (lat. 45°55'N, long. 02°54'E) is
at an altitude of 1197 m A.M.S.L. (above mean
sea level). It is approximately circular (mean
diameter=750 m) in shape with a maximum
water depth of - 92 m.
2.1. Sampling

For 210Pb and 226Ra studies, sampling was
done during two periods. In September 1975,
50-1 water samples were collected and processed for 210Pb and 226Ra after filtration
through no. 113 (pore diameter e S ,urn) and/
or OA5-JIm Millipore" filters. The suspended
matter on the filters was analysed for 2IOPb.
During 1978, large-volume (200 I) samples
from both surface and deep waters were collected using PVC (polyvinyl chloride) Niskin" bottles. The deep waters smelling heavily
of H 2S, could not be filtered due to colloidal
iron formation on exposure to the atmosphere.
They were processed directly.

For 32Si studies, 500-3400-1 water samples
were collected in plastic swimming-pool-type
tanks from the surface waters ofPavin lake and
from rain, snow and waters from the neighbouring regions during 1975/1976. Two small
box cores EM 40 and 43 were collected from
the bottom of the anoxic layer during September 1975. In October 1978, two 20-cm-diameter gravity cores were collected using a modified Burke's (1968) corer. Core PL V was
collected from a shallower depth (48 m) in the
sediment underlying the oxygenated layer and
core PL VI was collected in a water depth of92
m, i.e. in the sediments under the anoxic layer.
After siphoning out the fluid on top, all cores
were sliced into several sections at the site. The
wet densities were determined on aliquot samples whereas the bulk ofthe samples were dried
at 105°C for 24 hr. and powdered in an agate
mortar and used for radioisotope analyses.
2.2. Processing and analyses

For 210Pb and 226Ra isotopes in waters, the
samples were acidified with HN0 3 to pH 1-2,
stable Pb and Ba carriers were added and after
homogenisation, BaS04 was precipitated with
H 2S04, Then Fe(OHh precipitation was car-

TABLE I
210Pb and 226Ra in Pavin lake waters
No.

1
2
3
4

5

Sample

near shore (1975)
near shore (197S)
mid-lake ( 1975)
mid-lake ( 1978)
mean surface water
mid-lake

Depth
(m)

-0
-0
-0
-0
80

210Pb concentration (dpm/ \00 I)
in particles"!

in water

9A±OA
7.6±0.S*2
5.1±0.3

3.9±OA
6A±0.6*2
3.8±OA

7.3±0.7*J

3.9±OA*J

Total

13.3±0.6
14.0±0.8
8.9±0.5
14.5±0.2
12.7 ± 0.6*4
46.6±0.S*5

226Ra
(dpm/IOO I)

2.5±0.5
3.3± 1.4
2.9± 1.1
19.8 ± 1.6'5

-=not analysed.
*IWater samples were filtered through No. 113 and OA5-pm Milliporc'" filter; the two filters were combined and processed for
21OPb. Filtered water was processed for 210Pb and 226Ra.
*2Sample filtered through no. 113 only.
*3Average of 1 and 2.
*4Averageof 1-4.
*sTotal sample-no filtration was possible.
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Fig. 1. Log of 210Pbmess activity v. depth for: (a) core PL V; and (b) core PL VI. Numbers indicated are accumulation
rates.

TABLE II
32Si in precipitation and waters from lake Pavin and surroundings
Sample

Rain 1*1 (Thonon-Ies-Bains)
Rain 2 (Thonon-les-Bains)
Snow (Thonon-les-Bains )
Dranse'? (low water stage)
Dransc (high water stage)
Rhue'" (low water stage)
Pavin lake (surface water)
Garonne'" (La Reole)

Collection
date

Jut/Aug. 1975
Aug. 1975
Dec. 1975-Mar. 1976
Feb. 1975
May 1975
Apr. 1975
Sep. 1975
Feb. 1976

Volume
processed
( 1031)

Inherent
Si0 2
(mg lr ')

Net 32p
activity
(cph)

0.5
0.86
1.58
2.50
1.52
2.76
3.40
1.52

0.58
0.13
0.18
3.28
2.50
21.3
14.48
4.48

3.5
7.1
2.3
4.8
8.4
4.3
4.3
4.0

32Si
concentration
(dpm/ 1000 I)

specific activity
(dpm/kgSi0 2)

0.62±0.08
0.46±0.04
0.Q7±0.01
0.27±0.03
0.41 ±0.05
0.24±0.02
0.14±0.02
0.23±0.03

_*2
- *2
*2
82.3±9.1
164±20
11.3±0.9
9.7±1.4
51.3±6.7

cph = counts per hour. Errors indicates for 32Si data are I (J counting statistics only.
*IThonon-les-Bains is located at 250 km east of lake Pavin, on the Geneva lake shore.
*2Dueto the very low and highly varying Si contents of rain and snow, specific activities will have no meaning.
*3TheDranse river near Thonon-les-Bains flows through limestone.
*4TheRhue river near Pavin lake flows through basalts.
*sThe Garonne river has a miscellaneous watershed.

-
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ried out to scavenge both Pb and BaS04' The
precipitate was then analysed in the laboratory
for 210Pb (Krishnaswami and Sarin, 1976) and
226Ra by Rn emanation methods (Bhat et al.,
1974). In the case of sediment sarnples >- 3 g
of the powdered material were boiled in 6 M
HCl (20 ml g-I) three times and centrifuged.
The leach along with distilled water washings
were used for radiochemistry after the addition of the stable Pb carrier. Radiochemically
pure PbS04 was beta assayed for the ingrowth
of its daughter 2tOBi (Krishnaswami et al.,

1971 ). Particulates filtered from lake waters
were processed in the same manner. For 32Si
measurements, pure Si0 2 was extracted from
50-100 g dry sediment by boiling with 2 M
NaOH (Nijampurkar et aI., 1983 ).In the case
of large-volume water samples, the 32Si was
scavenged by Fe(OHh precipitation after stable Si carrier addition (for waters with Si ~ I
ppm). The pure Si0 2, after 3-4 months of recovery, was measured for 32Si via beta assay of
its daughter 32p activity following standard
procedures (Kharkar et al., 1966 ; Nijarnpurkar and Sornayajulu, 1974).

TABLEIII

3. Results

32Si in Pavin lake sediments
Sample
depth
(em)

Si0 2
recovered
(g)

NetlZp
activity
(cph)

lZSi·
(dpm/kg
Si0 2)

Core EM 40:
0-15

38.2

(l) 3.3±0.5
(2) 2.2± 1.0

8.2± 1.3
8.5± 1.9
M= 804 ± 1.2

Core EM 43:
O-S

8.1

1.5±0.6

13.1±S.3

S-IO

10.8

2.1 ±0.3

8.0± 1.2

IO-IS

9.8

(I) 2.3±0.3

7.S±0.9
7.8±4.2
7.7±2.1

(2) 1.1 ±0.6

3.1. 2lOPb and 226Ra data
The 210Pb concentrations of filtered and unfiltered lake water samples as well as that of
particulates are given in Table I. In the case of
226Ra, only unfiltered samples were processed,
the concentrations are also given in Table I.
The 21°Pbexcess activity v. depth plots for the
two cores PL V and PL VI are shown in Fig. 1a
30 r --
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CorePL VI:

E

10-11

IS.I

(I) 3.2±0.3
2.S±0.8

30-32

42.6

(l) 2.0±0.3
(2) 2.S±0.3

11.2± 1.0
18.2+ S.8
M= 14.7±3.0
3.7±0.S
2.8±0.3
,\1= 3.3±0.3

40-42

34.9

2.2± 1.0

4.S±2.1

60-62

27.5

I.3±OA

2.6±0.8

70-72

34.2

(I) 2.5±0.6

4A± 1.0
4.3±OA
M= 4A±0.S

(2) 2.0±0.2
90-92

40.2

2.6±0.7

2.1 ±O.S

cph=counts per hour . (l) and (2) denote separate determinations of 31pand M the weighted mean. Errors quoted are
propagated I (J counting statistics on 32pmeasurements.
"Decay corrected to the date of collection.
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Fig. 2. Plot oflog 31Si/ Si0 2 Y. depth for all samples from
the three cores analysed. Numbers indicated across bestfit lines arc accumulation rates in units of a-I . All data
points yield 2.S mm a-I. For the top 20 em the rate is 1.9
mm a -I and for the depth range 30-92 em the rate is S.8
mm a-I. A break in the sedimentation rate at -30 em
appears more reasonable. See Section 4.3 for discussion.
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and b, respectively. It should be mentioned
here that three samples per core were analysed
for 226Ra whose concentrations average ...... I
dpm g- I in the case of each core.

3.2. 32Si data
32Si concentrations in precipitation (rain
and snow) near the Pavin lake region, in
stream waters flowing through different geological terrains and in the surface waters of the
lake are given in Table II. The 32Si measurements performed on three cores from Pavin
lake arc given Table III. The same are plotted
in Fig. 2.
4. Discussion
For clarity, 210Pb and 226Ra results and those
of 32Si arc discussed separately.
4.1. 210Pb and

knowledge of the volumes of the mixed (oxic)
and deep (anoxic) layers (Martin, 1985), we
calculate the 210Pb and 226Ra inventories of
Pavin lake. These are (4.6 ± 0.1 )'109 dprn
210Pb and (1.5 ± 0.2) '10 9 dpm 226Ra, which
yield a mean 21OPbj2 26Ra ratio of ....., 3 for the
lake water. In ocean waters, where 21OPb_226Ra
disequilibrium was established (Craig et al.,
1973), it is seen that the 210Pbj226Ra activity
ratios are generally greater than unity only in
the mixed layer, which is due to atmospheric
input of 21OPb. Integrated over the entire
oceanic water column, however, the 21OPb/
226Ra ratio is < 1.0 (Somayajulu and Craig,
1976; Broecker and Peng, 1982). The excess
210Pb over parental 226Ra in the entire Pavin
lake water column suggests that the former is
supplied more than the latter. A quantitative
explanation awaits more detailed measurements of 210Pb and 226Ra in various parts of
the lake system.

Ra in lake waters

226

4.2. Residencetimes Of21OPb and 226Ra

The total (dissolved + particulate) 210Pb
concentrations in the surface waters range from
8.9 to 14.5 dpm/ 100 I with a mean value of
12.7 ± 0.6 dpm/ 100 lout of which the particulates account for ...... 60%; the mean particulate
210Pb concentration is 7.3 ± 0.4 dprn/ 100 1. The
226Ra content ofsurface water is 2.9 ± 1.1 dprri/
100 1. The 210Pbdissolvcd/226Ra ratio is ....., 1.3 in
surface waters - this can be as high as 4.4 if
we take the total 210Pb instead of the dissolved
part. For the deep water, only the 210PblOiai
(dissolved + particulate) measurement is
available (Table I). The 2lOPblolalj226Ra activity ratio is 2.4. The above inferences are based
on the assumption that all the 226Ra measured
in the lake waters is in the dissolved form. This
assumption does not appear unreasonable as
most ofthe suspended phases of the lake waters
comprise diatoms which have a low 226Ra content ( ....., I dpm g-I ) and which deposit onto the
lake floor , making the bulk density of the lake
sediment 0.07 gem -3 (Martin, 1985). Using
the 210Pb and 226Ra data in Table I and from

Now that the inventories of 210Pb and 226Ra
in the lake waters are made, one can , assuming
steady-state conditions, calculate the residence
times of these nuclides in the lake. This, in
principle, can be done in two ways: (I) from
the knowledge of the input fluxes of these nuclides into the lake; and (2) by estimating the
removal fluxes of the nuclides from the lake to
its sediments. While carrying out the water
balance studies, Martin (1985) noted that a
significant input to the lake occurs via the underground lacustrine springs whose 210Pb and
226Ra concentrations are however not known.
Therefore, we adopted the second method. In
this study two sediment cores from Pavin lake ,
PLY from the shallower oxic layer and PLYI
from the deep anoxic layer, have been dated.
The accumulation rates for the top sections arc
1.1 and 0.8 mm a - I . These together with the
earlier measurements (Krishnaswami et al.,
1971; Martin, 1985) indicate that during the
recent past (50-100 a) the average sediment
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accumulation rate has been - 1 mm a" ' and
that the extrapolated-to-surface 21°Pb activities of the Pavin sediments are -55 dpm g-I.
In the case of 226Ra the mean concentration
from several measurements is - 1 dpm s'.
Using these values and a bulk density of 0.07 g
cm :" the removal rates (dC/dt) of the two
nuclides are calculated to be 0.39 dpm em"?
a-I 210Pb and 7.10- 3 dpm cm r? a-I 226Ra.
The inventories (calculated using details given
in Fig. 4) are 0.2 dpm 1-1, 1.8 dpm ern- 2210Pb
and 0.07 dpm 1- I, 0.6 dpm cm - 2 226Ra, respectively. Using the equation:

C
r= dC/dt

till - 100-50 a ago started accumulating more
slowly after this time. The causes for such a
lake's wide decrease can be due to: (1) sediment slump that would have occurred prior to
- 100 a; (2) tree plantation in the catchment
area during the middle of the last century; and
(3) a change in the chemistry of the lake from
a well-mixed to meromictic type as it is at present. Either one or all of the three causes could
result in a decrease in the sedimentation rate
(Martin, 1985).

4.4. 328iin waters from the Pavin lake area
and other French sites

(1)

the calculated residence times (T) are ~ 3 and
- 86 a for 2JOPb and 226Ra, respectively. If the
dissolved inventory is considered the 2JOPb
residence time will reduce to a mere - 1 a.
Though very limited in number, the 2JOPb fallout data from the Paris area are found to range
from 0.2 to 0.7 dpm cm -2 a- J (Thomas, 1988)
which agrees well with the deposition rate of
210Pb (dC/dt) , indicating that the deduced
residence time of 2JOPb is reasonable. Obviously a more detailed study is warranted to
better understand the nuclides' behaviour in
the lake system .

4.3. 2lOPb geochronology
The accumulation rates deduced using 210Pb
are not uniform with depth (Fig. 1) ; both cores show a change from a previous faster rate
to a recent slower rate. Core PL V (water depth
48 m) yielded 4 mm a- J slowing down to 1.1
mm a-I compared to PL VI which yielded 7.6
mm a - J slowing down to 0.8 mm a - J . These
accumulation rates are in good agreement with
those determined for other lakes from different geographic locations using radiometric
techniques (Krishnaswami et aI., 1971; Koide
et aI., 1973; Robbins, 1978; Edgington et al.,
1991 ). In general, the Pavin lake sediments
which were depositing at rates of 4-10 mm a- J

The 32Si concentrations in rainwater are by
far the highest, 0.54 dpm/ 1000 1 (mean of two
measurements, Table II) whereas the lowest
concentrations of 0.07 dpm/ 1000 I is encountered in snow at the same latitude. The only
difference between the locations is altitude and
time of collection; rain was collected at an altitude of 380 m A.M.S.L. during July/August
whereas snow was collected at 1800 m
A.M.S.L. during December-March (Table II).
Either snow is an inferior scavenger of aerosols
compared to rain or the shorter (by 1420 m)
air column available for snow scavenging made
the difference, or there is a seasonality influence to the 32Si concentrations in precipitation. It is assumed that rain and snow both account for the total annual atmospheric fallout
of - 100 em (on 50: 50 basis). Using the concentrations in Table II, we compute the annual
32Si fallout of 31.10- 6 dpm cm "? at the lake
site (45°N), which falls in the range of (17100)· 10- 6 dpm em -2 reported for Indian stationsat 10-30 oN (LaletaI., 1979).
Stream waters flowing through different
geological terrains have about the same 32Si
content, viz. 0.23-0.41 dpm/1000 1, with a
mean value of 0.28 dpm/ 10001. However, 32Si
specific activity varied significantly in the
waters, which is due to their stable Si contents.
Waters flowing through basaltic terrain have
the highest Si and lowest 32Si/Si02 ratio while
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waters draining limestone areas have the lowest Si and highest 32SijSi02 ratios (Table II).
The Pavin lake surface waters have 0.14 dpmj
1000 1 32Si which is lower than any of the measurements reported in Table II with the exception of snow.

TABLE IV

4.5. Model for 32Si in Pavin lake

eter

Values of parameters used>' in the model calculations

C
(dpm/lOOO I)

S-I)

pararn- value

Now that waters from Pavin lake and environments which feed into it as well as the lake
sediments have been analysed for 32Si, a twobox model can be set up from which the missing 32Si concentrations, for example as those of
the anoxic deep layer and of the underground
lacustrine springs which feed into it, can be estimated. These measurements will help in
making the mass balance for 32Si as well as in
the understanding of its aqueous geochemistry.
We took the two-box model suggested by
Martin (1985) to make a water balance and
put in the biology component. In principle, the
model is similar to that of Lal et al. (1960)
which was used to explain the earliest 32Si data
in the Pacific Ocean.
We assumes steady-state conditions and firsto
limo
9
Mi.eo layer (\8 X 10 11

60 m t - - - j f - - - - t - - - - t - . : - - - - - l
Kom
Deep layer (5 X 109!)

90 m '----------t-----....J

Sediment
i a input
d

a

O zo ulpul

deep loyer

m a mixed layer

5 -: under qrcund

Ck
(dpm (10001)-1

kim
kmd

«:
k
B

( >2 )

ksd
kdm

param- value
(xI0- 9 ) eter

2.9
0.28
5.2

3.6
8.0
9.0

C;
Cm
Cm
Cm
Csd
Cd

0.24
0.14
0.14
0.14

param- value
eter
(XIO- 9 )

.

".

ci«;

c.s.:

Cmkmo
CmkB

0.7
0.04
0.72
0.51

-:=to be determined.
·'Obtained using data from Martin ( 1985) and Tables 2 and

3.
•2Using the Si concentration of 2.5'10- 4 mol 1-' (Martin,
1985) and a deposition rate of I mm a - I and an area of 0.4
km? for the of the lake bottom, the equivalent volume of water
(I) depleted of its Si (and 32Si) by biological processes is deduced, from which k« is obtained.

order rate constants and further that the residence time of 32Si in the deep layer of the lake
is small compared to its half-life so that there
is no decay of 32Si in the lake. The model with
the input-output path-ways is shown in Fig. 3.
The steady-state mass-balance equations for
the top and bottom boxes are, respectively:

Cikim+ Cdkdm= Cm(kmd+ k mo+ k n )

(2)

Csksd+ Cmkmd= Cd(kdm+ A.)

(3)

where C represents the 32Si concentration in
units of dpmj 1000 I; k is the rate constant; and
A. is the decay constant of 32Si (=0.0495 a-I).
The different rate constants together with the
mass fluxes are given in Table IV. We proceed
as follows: Cs is determined by substituting eq.
3 into eq. 2 after making Cd=O (as assumed
above), which yields:

Cs = [Cm(Kmo+KB)-CjKjm]Ksd-1

(4)

lacustr ine sprir'lQ$

B : biology

Fig. 3. A two-box model including biology for lake Pavin
showing the steady-state input and output material fluxes.
See Table IV and Sections 4.5 and 4.6 for discussion.

Plugging in the appropriate numbers from Table IV, C, is calculated to be 0.07 dpm/ 1000 l.
Considering the fact that a large amount of 32Si
enters the lake through subsurficial springs
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(Martin, 1985) and that 32Si in the surface
layer is removed via diatom generation, the low
value does not seem unreasonable. It is tempting to postulate that snow-melt waters which
have the same 32Si concentration as that deduced for deep water are indeed the source for
the underground lacustrine springs. Now that
C; is known, Cd can be calculated using eq. 2
and the data from Table IV. It also turns out to
be 0.07 dpm/l000 1, providing that the 32Si
concentration of the deep layer is mainly controlled by that of the underground lacustrine
springs, c;
To calculate the residence time of 32Si, the
same procedure used in the case of 210Pb and
226Ra is followed. From the known volumes
and 32Si concentrations of the two layers, the
lake inventory for 32Si (C) is calculated:
2.9,106 dpm. The extrapolated-to-surface 32Si/
Si02 ratio is '" 1a dpm kg- I in the lake sediments (Fig. 3) which yields a 32Si deposition
rate (dC/dt) of 3.1,10 5 dpm a-I if we use a
sedimentation rate of 1 mm a-I. Using eq. 1,
the 32Si residence time is deduced to be '" 1a a.

4.6. 32Si in Pavin sediments
The EM cores were short, '" 20 em in length,
and only a few measurements were possible. In
core PL VI, 32Si measurements could be made
down to 92 em and the data for all the cores
are plotted in Fig. 2 to deduce the probable accumulation rate in the lake. This rate, depending on the data sets considered, varies from 1.9
to 5.8 mm a -I. It appears that the most likely
rate is 1.9 mm a-I upto -40 em and 5.8 mm
a - I for the deeper part of the core (Fig. 2). The
pattern of the J2Si depth variation resembles
that of21OPb in cores PL V and VI and so does
the change in the accumulation rate (see Fig.
1a nd b). The change in the sedimentation rate,
from the 32Si data, occurred around 200 a ago
whereas-the 21°Pb decay yields 50-100 a and
the historical records suggest >- 100 a (Martin,
1985). Considering the overall errors associ-
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ated with the 32Si data, we feel that a factor of
'" 2 difference is not unreasonable.
Since the Si and 32Si contents of the surface
and deep waters of the lake have been measured or deduced, the 32Si/Si02 ratios can now
be calculated. They are 9.3 and 1.3 dpm kg- I
for the oxic surface waters and the deep anoxic
waters, respectively. The extrapolated-to-surface 32Si/Si02 in the sediments (10 dpm
kg-I), as expected, agrees well with the surface
water value, indicating that diatom formation
takes place in the surface waters. The low deep
water value indicates the dominance ofthe underground spring waters whose model-based
32Si concentration is almost identical to that of
the deep waters, viz. 0.07 dpm/J 000 1. Any diatom dissolution in large amounts on the lake
floor would have increased the 32Si/Si02 ratio
of the deep waters and consequently the residence time of 32Si added to Pavin lake is deposited on to the lake floor where it decays.
The 32Si inventory in Pavin sediments yields
1.4.10- 2 dpm cm "? which is almost identical
to that expected from the atmospheric fallout,
viz. 1.1.10- 2 dpm cm- 2 within the errors associated with the measurements. This probably suggests that snow-melt waters are not contributing much to the 32Si fallout in the lake.
5. Conclusions
The 2lOpb, 32Si and 226Ra isotopes in Pavin
lake have residence times of '" 1, - 1a and >- 80
a, respectively. In the case of J2Si, where fallout measurements are available from the lake
region, the inventory based on fallout data is
present in the lake sediments were most of it
decays. A two-box model adequately accounting for biology explains the 32Si behaviour in
the lake. It is shown that the 32Si in the anoxic
deep layer is controlled not by the overhead input but by the underground lacustrine springs.
The deposition rate ofthe lake sediments based
on 210Pb and 32Si indicates a decrease by factors of '" 5 which occurred about a century ago.

"OPb. mRa AND "Si IN PAVIN LAKE

In a way lake Pavin acts as a rain gauge for atmospherically derived nuclides and therefore
can be used to understand their geochemistry
under redox conditions.
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