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Summary From measurenlents in ~1edi terranean sea~vater and sediments,
fallout 137es , 90Sr and 239,240pu behaved mostlyas Il so1uble"nuclides

tracing Mediterranean water movement, ~hereas 55 Fe and 241Am behaved

more as tlparticle-associated" nuclides and\AJere relativel ..y r"apidly

removed ta the sediments. Patterns of nuclide distribution within
sediments showed depthsof penetration in the order 55 Fe >

(239,240pu , 137Cs) > 241Am and were thought to result from biological

mixing on nuclides whose arrival rates varied in the same arder.

R~sum~ Apr~s des mesures d'eau de mer et de s~diments m~diterran~ens,

on voit que les inventaires de retomb~es radioactives 137cs , 90Sr et
239 240 ~. A ~. • ", Pu reaglssent plutot comme des nucleldes solubles en SUlvant
les movements de l'eau en M~diterran~e, alors que le 55 Fe et 241Am
réagissent plus comme des nucléides à "particules associées fl et sont
transf~r~ relativement rapidement aux s~diments. On pense que les

formes de distribution de nucl~ide ~ l'int~rieur des s~diments

d d ~ é t· d" l' d · 55 (239 )240avec un ma e . e pen tra 10n ans or re SUlvant Fe> Pu,
137Cs )> 241Am,sont le r~sultat d'un m~lange biologique des nucl~ides

dont le taux d'arrivée varie dans le même ordre.

Text Distributions and inventories of fal10ut derived 137Cs , 90Sr ,
239,240pu and 241Am have been nleasured in Mediterranean sediment cores

and water calumns from locations representing the major hydrographie
regimes whieh control Mediterranean circulation and biological pro-

ductivity. 55 Fe distributions and inventories were measured in four
sediment cores. These measurements were used ta infer the processes
which move these nuclides horizontally and vertically in Mediterranean

water columns and) for the sedimentable nuclides, which deliver them
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ta and distribute them within the sediments.

Nuclides \AJhich behaved as fl so lublef! nuc'lides and are moved ~/ith such

water transport processes asa) thermoconvective mixing in the N.W.
Mediterranean, b) eastward inflow of Atlantic water, and c) westward

flow of Levantine Intermediate Water,include 137cs , 90Sr and, as pre-
.. t d" h C d" d 239~240 () " ·V10US S U les ave ln lcate , Pu 1,2. Comparlson of sedlment

inventories of 55 Fe and 241Am with fallout delivery ta the Mediterran-

ea.n and examination of 241Am watey' profiles relative ta those of
239,240pu lead to the conclusion that these nuclides appear to have
behaved as "parti cle-associ ated ll nuel i des and have been nloved verti-

cally towards and into the sediments in association with sinking parti
cles. Compared ta their proportions relative ta plutonium in integrated
global fallout, 241Am and 55 Fe were enriched in the sediments by factors

of 4-6 and 6-14 respectively. The lower enrichn;ent of 241Am than of
55 Fe in the sediments was nct thought to result fram a differential rate
of sedimentation but in consequence of the delay between Pu and 55Fe de-

livery and the in situ production of 241Am by 241pu decay from Pu iso
topes throughou~the~ater columns. Once produced, 241Am may well be
removed to the sediments at similar rates to those of 55Fe and possi-

bly in association with the same population of sinking particles.

Th d" t "b t" tt f 239,240p 137C 241A d 55 F · h-e 1S rl U lon pa erns 0 U, s, m an e Wlt ln
the sediments seem ta depend upon the relative rates of arrivalof each

nuclide and the extent of biological mixing. Sediments underlying bio
logically more productive water - such as in the Western Mediterranean 
showed patterns of deeper nuclide penetration. The ratios of 239,240pu

and 137Cs concentrations within sediment cores were generally rather
constant. 55Fe/239,240pu ratios increased smoothly with distance from

the sediment/water interface, generally by about an arder of magnitude.
241Am/239,240pu ratios, in contrast, mostly decreased \AJith distance

fram thts interface. The patterns of the. depth of nuclide penetration,
55Fe>(239,240pu,137Cs»241Am are believed to result from the effects of

biological mixing, at rates and ta depths which vary according ta sedi

ment organism populations (3), on sediment nuclide inventories which
accumulated at rates which varied in the same arder.
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mCi Ikm 2 (FIGURE ·1 N RRACKETS IS PERCÈNTAGE FALLOUT DELIVERV)
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RADIONUCLIDE INVENTORI ES IN MEDITERRANEAN SEDIMENTS
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Discussion

R. CHESSELET: 1. Could you compare with North Atlantic?
2. To what content is Mediterranean specifie in terms of the geo
chemistry of 55Fe , Pu, Am, regarding the North Atlantic situation?

H.D. LIVINGSTON: 1. When comparisons are made between water

and sediment distributions of 55 Fe , 239,240 pu and 241 Am

in the North Atlantic Ocean and the Mediterranean Sea, the

data support the conclusion that biogeochemical processes

affecting 239,240 pu and 241 Am distributions differ sub-
I 239 240stantlally. ' Pu behaves much more as if in true

"solution" in the Mediterranean and is distributed mainly

by the water circulation. Hence, compared with North Atlan

tic sediments taken at comparable depths and times, Mediter-

d l t h 239,240 p 1 t 1 h" hranean se lmen s s ow u lnven orles w lC are

smaller fractions of fallout delivery ta the sea surface.

On the ether hand, Mediterranean water is depleted and

sediments enriched in 241 Am relative to comparable situations

in the North Atlantic. Tt appears that 241 Am , when produced

in the water column by 241 pu decay, is rapidly transferred

te Mediterranean sediments at rates considerably faster

than those which apply in the North Atlantic.

2. It is not possible to argue from our data whether the

geochemistry of 55pe is significantly different in the

Mediterranean and North Atlantic. Comparison of 55pe

inventories (expressed in terms of fraction of expected
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fallout delivery) in Mediterranean sediments with those

measured in North Atlantic sediments collected at compar

able times and depths, shows that the data for the Med

iterranean sediments are not distinguishable from those

for North Atlantic sediments. However, for sediments

collected at depths shallower than 3000 m, the inventories

range around the amounts predicted to have been delivered

in fallout. It is, therefore, possible to argue that sinking

rates could differ for 55pe . However, the samples from which

this body of data was derived, were collected too long after

the input of fallout from atmospheric nuclear weapons test

ing to be able to distinguish different rates of delivery

of 55Fe ta sediments.

R. FUKAI: Comment.

l think only large difference between your data and our data for caesium

-137 is found in the Ionian Basin. Whereas your inventory of caesium-137

in this area is approximately 200% of fallout delivery, our inventory

shows about 95%. l believe this difference is real and due mainly to the

different locations of the stations.

H.D. LIVINGSTON: What are the coordinates and collection date

for your Ionian Sea station?

After this last question, other comments fallow, which were

not recorded.
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