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PREFACE

Tnis series, the Unesco Technical Papers in Marine Science, is produced
by the Unesco Division of Marine Sciences as a means of infarming the
scientific cammity of recent developments in oceanographic research and
marine science affairs.

Many of the texts published within the series result fram research
activities of the Scientifiz Committee on Ocearic Research (SCOR) ard are
submitted to Unesco for printing following final approval by SCOR of the
relevant working group report.

Unesco Techrnical Papers in Marine Science are distributed free of charge
to various institutions and govermmental authorties. Requests for copies of
individual titles or additions to the mailing list should be addressed, an
letterhead stationery if possible, to :

Division of Marine Sciences
Unesco

Place de Fontenoy

75700 Paris

France
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I. INTROOOCTION

The SR Workdng Group 62 on the carban budget cf the oceans had its
first meeting in Paris, Pra:me at Unesco Headgquarters, on 12-13 November 1979.
Members in attendance were : M. Whitfield (UK); F. Millarc (USA) ; H. Ceschger
(Sweder.) ; SV.S:u.th(USA)'PJ Le B. W:Llllans(UK)a‘JdED.Goldberg
(Tsa), Chaln'tan AbsentbereJ.Edmzﬂ(USA) R. Ginsburg (USA) and E.A.
Romankevitch (USSR). In addition, same members of Warking Group 48, vhich was
meeting the following two days, attended the sessions : R. Chesselet (France);
J. Prospero (USA) ; R.A. Duce (USA) ; S. Tsunogai (Japan) ; W. Seiler
(Federal Republic of Germarny). The meeting of SCOR committees "back to
back" proved especially rewarding to Warking Group 62 which gained suhstantial
imputs fram this procedure. Clearly, such a tactic will be siccessful where
the Working Groups have same cormon interests.

The carbon budget of the earth is of great cancern to many sciemtists
today, especially those involved in the study of the implications to tre
environment of man-mobilized carbon dioxide through fossil fuel cambustion
ard through the destruction and burning of terrestrial biomans. There are
several recent volumes and many recent papers dedicated to formulation of
models of the carbon budget; the oceans play a significant rcle in all such
models. Briefly the situation may be summarized as follows : approximately
lGOxlolltms of carbon have been released to the atmo herebythebuxnmg
of fossil fuel ; the present release rate is about 5 x 107 tons yr . About
50% of the carbm released is believed to be present in the atmosphere and
40% is believed by chemical oceanographers to be in the oceanic CO, pool.

The chemical oceanographers suggest that an increase in the terrestrial
biosphere accounts for the remaining 10%. However, terrestrial bioclogists
suggest that there has been net terrestrial biosphere reduction equivalent

to 20 to 100% of the fossil fuel release. In other words, the terrestrial
biosphere may actually be a substantial CO, source, rather than a sink.

The Working Group recognized that neither reviewing the present literature
nor rewriting the conventional wisdom on the role of the oceans in

the carbon budget would be especially fruitful. Instead they posed the
question ™What are other sinks for carbon in the ocean that may be significant
ard which have been over-looked or played down?", "what measurements

should be made to evaluate the importance of such sinks?" and "™wWhat ancillary
measurements might be made to more clearly define the ocean's role

in the carbon cycle?".

2. THE ELEMENTAL CARBON SINK

The anmual burning of biamass has been estimated by Seiler and Grutzen
(Seiler amd Grutzen, 1980) to be between 5 and 9 x 109 tons per year. This
results from slash/burn agriculture, forest fires both natural and man-started,
industrial and damestic wood burning and the burning of agricultural wastes.

As a consequence, between 0.1 and 1.5 x 107 tons of elemental carbon are
produced.




This ctarcozl is accumulated in part in the soils and in part is
transparted by rivers ard by air to marine, glacial and lacustrine
sediments, where it is refractoary to biological degredation. In
principle, such sediments main“ain a historical record of the extents
ard type of bicmass burming.

The carban is essentially removed fiam the shart term cycle of the
element. Further, the elemental carbon pool may accarmodate sare of the
excess carban produced by fossil fuel burning.

The yearly fluxes of the carbon are poorly known ard the burmiing
recard czn be developed by anelyses of carbon in coastal marine and lacustrine
sediments wirich receive the burming debris from wide areas. Thus, a systermtic
progremme of aalysis of carbon in sediments, emphasizing the area between
30° N amd 30° S, but including deposits accumulating material from the
temperate and bareal forests is proposed

Secordlypresartdayblmsstmrnngcanbemasm'edbyramte
sensing techniques from satellites. Such satellite studies must be accampanied
by ground truth surveys of the bwant areas where the biamass burmt per unit
a:eaandthenetcarbmchmdefluxpermutareambeobtamed Further,
investigations on the fate of the unburnt carbon is important for the carbmn
budget. Since many countries will be involved in the biamass burming, a
co~ordinated programme can be effectively implemented by an international

agency.
The development of novel but simple amalytical techniques for the

measurement of elemental carbon is needed. Present methods are time-consuming
ard cumbersame.

3. INFLUENCE OF THE OCEANIC BIOSPHERE

ide util:.zat:.an rates of the marine biota are estimated
tobeammdzs xl g C yr~1 (Whittaker and Likens, 1973) ofwmchabag
28 x 1015 g C yr~1 is attributed to planktonic processes and about 1 x 10%°g C yr~
to the benthic and estuarine ecosystems. These rates are of the same order of
magnitude as the production of carbon dioxide, as a consequence of anthropogenic
processes. This enadles the transport of significant amounts of carbon to
same biomess or detritus reservoir. The most important caisideration is the size
of the pools themselves. The oceanic and benthic ecosystems will be considered
separately because of the great difference in the turnover rates of the

primary products in the system (See Fig. 1).

The phytoplankton biomass is turned over in a time scale of weeks, most
of which (i.e., 90%) sppears to be recycled within the mixed layer. Transport
of particulate detritus from the ewphotic zone to the deep ocean appears to
beint.hegubrof}-loi of primary plankton production (i.e., about 1 x
10gCyr Mscouldbeasigﬁﬁcmttemintmovemllnetdioxide
budget. P:vsmlbly,itwmldbeliﬁedtoprm:'ypromctima:nonomedsto
lock for evidence of increases in primary production. There is no historical




evidence for any such increase. It is not iumediately apparent how one
could obtain such data. From a mechenistic point cof view, it is difficult
to identify a process, linked to the increased imput of carbem dioxide
into the atrosphere, which could give rise to an entanced phytoplankton
producticn in oceanic regions. The details of the argumernt are as {ollows:

In the oceans the _ I COp concentration is sufficiently high (mixed
layer content : 580 x 1015 g €)“in i with the estimated armu=al
plankton production (25 x 1015 g € yr~1) that it will never place a limitation
an total production . Plankton crops at any ane point in time rarely exceed
10% of total ammual producticn, so that the maximm amount of carbon dioxide
locked up in the plankton cycle is about 1% of the total mixed layer I
pool. Assuming that dissolved free-CO, is the immediate carbon dioxide source
for planktan photosynthesis, it will inevitably reduce the free dissolved
CO> reservoir. However a rough calculation iuggests that even during peak
periods of production (50ug C fixed 1.1 hr” ) photosynthesis would reduce
the free CO> pool by less than 0.4 ug C1.7% (i.e.,£0.1%). Over pericds
of days, the sustained r_'ites of net production would reduce the free
by less than O.3ug C1l. °. Thus, neither the CO, pool nor the free CO
cancentration appear to offer a control mechanism on oceanic plankton
production which in its turn could result in an enhancement of organic
sedimentation rate.

Three other storage reservoirs exis* : phytoplankton biamass, particulate
oarganic carbon and dissolved organic carbon. _In the mixed layer of the ocean
they probably amoaunt to 5 x 1014 g C, 2 x 1015 g C and 3 x 1016 g C respective-
ly. The accuracies of these values are protably above the average of those
used in global carbaon budgeting. The plankton bicmass “erm is about 10% of
the ammual fossil fuel carbon input and carmot therefore over all of the
years have accumulated anything but an insignifi portion of the total
anthropogenic carbon dioxide production (1.25 x 10~/ g C, Wong, 1978). The
other two reservoirs and especially the dissolved organic carbon reservoir,
are of sufficient size to account for a significant proportian of the net
carbon dioxide production, however this would call for changes in the bio=
chemistry of the processes giving rise to dissolved and particulate organic
carbon in response to the changes in the chemical envirorment. The immediate
chemical changes in the oceans due to the uptake of anthropogenic carbon
dioxide are restricted to a small increase in the total carbon dioxide pool
and a very small change in pH. It is difficult to foresee how these very
minor chemical changes could provide a mechanism for the increased accumlatign
of dissolved organic material.

g, SEAREED AS A COp SINK
Three possible roles may be assigned to seaweed as a sink for 002 :

1. may be significant as a net carbon sink;

2. may also be an impartant short-term sink which transfers its contents
"surreptitiously” to the oceanic pool;

3. may act as a control valve on the ttmferofcozﬁmthe
atmosphere to the oceenic pool. This camponent, in"general
terms, consists of attached benthic plants (both seagresses and
macroalgae), which will henceforth be referred to as seaweed.




Figure 1 represernts data fram Wiittaker ad Likens (1963) in a format
canveriient for considering plant biamass, primary production and tionover time
(i.e., the ratio of biamass to grimary production). Tre cupulative fossil-fusl
carbon input and the input rate are shown as "biommss"™ ard “production”
respectively, for camparisan. The accumlated fossil carban imput is
approxdimately 10% of the global plant biamass arnd the present input rate is
about 6% of the global primary production.

Most terrestrial ecosystems (A-N, Fig. 1) exhibit relatively high
biamass and have twrnover times of several years. Py cortrast, most oceanic
ecosystems (0-S, Fig. 1) exhibit low bicmmss and have turmover times of
anly a few weeks. Among the marine ecosystems, there are two interesting
exceptions to this generality. The "algal bed ard reef™ ecosystem (R) and
the estuarine ecosystem (S) have the highest biamss among the marine ecosysters,
which nave turnover times of about cne year. Attached plants are important
capaents of both these ecosystems arnd hence they may be called "seaweed
ecosystems". The primary production of these seaweed ecosysters is anly a
small fraction of the oceanic primary production.

Ecosystems with a high turnover are not effective carbon sinks, because
the carbon has no reservoir in which to accumulate. Thus, the forests on
lamd are more effective sinks than grasslards. By analogy, the seaweed
ecosystems are a more effective carbon sink than the planktonic ecosystems
(see the previous section for a discussion of the plankton).

The reservoir size of these ecosystems is inadequately known, and the
figures of Whittaker and Likens must be regarded as very uncertain estimates.
Despite this uncertainty, it appears that seaweed bicmess and arrmal production
are in the neighborhood of 109 tons carbon. This figure is 20% of the present
armual fossil-fuel carbon input and half the estimated storage in oceanic CO,.

The fate of this material is uncertain. Very little seaweed seems to be
directly grazed. Same enters the foodweb as detritus, but much beccmes
deposited in sediments. Either broadcast dispersal of the detritus away from
production sitez or burial of the seaweed as localized clumps renders detection
ard quantification of this carbon sink a difficult task.

One can argue that the biological econamy of the seaweed ecosystens
"could not affard™ to lose the bulk of the seaweed to the sediments. This is not
necessarily so. Figure 1 demonstrates that the primary production of the seaweed
ecosystem is a relatively small fraction of the primary production of even the
cantinental shelf ecosystem (Q), a planktoric ecosystem encoampassing the seaweed
system. Emery (1960) constructed an organic carbon budget for the southern
California continertal borderland and sugpested that attached algae there
account. for only about 4% of the total primary production. Thus, the buried
detritus from seaweed may represent a substantial carbon sink in the world
oceans.

Let us consider the role of seaweed as a short-term sink transferring
carbon to the oceanic CO, pool. Undoudtedly some of the seaweed cardon is
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Fiage 1. Primary production, bicmass, and turnover time for the carbon in the
biosphere. Adapted from Wnittaker and Likens (1973). Coding as
follows: Italic letters (A-N) indicate terrestrial ecosystems and
resaining letters (0-S) indicate marine ecosystems. 4 - tropical rain
forest; B - tropical seasonal forest; ¢ - temperate evergreen forest;

D = Temperate deciduous forest; I - boreal forest; F - woodland amd
shrudland; G - Savarma; 4 - temperate grasslard ; I - tundra and alpine

! meadow ; J - desert scrud; X - rock, ice, and sand; I - cultivated land;
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casumed as detritus. To the extent tmat the detritus cansptian occurs
at cr near the mroduction site, the seaweed production is part of a local
(O, cycle between water and biocta, with no net impact on the CO, balance.
However, seaweed is aften well removed fram its productian site before

it is totally consumed. Seaweed which grows near the surface, drifts to
deeptater,a:ﬁiscmsmdthere,ﬁmtimsasataporarysinkmvingccz
out of the mixed layer ard into deep water.

The data are unavailable to evaluate the impoartance of this
transfer process relative to direct carbon starage. One "advantage"”
such carbon transfer over direct storage as orgamic residue is that direct
storage sequesters same amount of limiting rutrients, whereas the advective
transfer patimamy liberates the rutrients back to the ocean for

We came now to the firal role postulated here for seaweed ecosystems
in carbon transfer. Global estimates of transfer across the airsea
interface are based an data collected fram open ocean to canstruct worldwide
box models. The consideration of transfer rates does not address the coastal
regians which may have high seaweed production, and hence a substantial
depression of the CO, partial pressure.

WithdrauirgmlyO.ZmolesCOz?ﬁmseataterhalves the CO, partial
pressure. deatainﬁgxelfgseaueidpﬁm-yproductimamemivalmt
to approximatively 0.2 moles 0, day . It is now possible to establish
sare notions of expected CO, utilization by organic carbon production.

Typically seaweed grows in water less than 5 metres deep, although
same species of kelp grow to depths of 25 metres. Water exchange times of
a few hours up to a few days might typify fairly open water settings, whereas
sheltered enviraments might harbour waters for many days. It can be calculated
that a CO, draw-down of 0.2 moles > , or even more, is not unreasonsble.
Thus a €0, partial pressure depression to 150 ppm by seaweed production is
entirely plausible.

Such P ancmalies are not encountered in the open ocean. Broecker
et al. (1979)002 suggest that the average oceanic anomaly is about 8 ppm.
Tocalized high ancmalies as might be created by the CO> draw-down of seaweed could
greatly influence the rate at which the oceans take up CO> ; thus this P
depression is yet one more mammer in which seaweed influences the €02
oceanic o, sink.

The dicmass of many of the seaweeds is highly seasonal. In addition
there is evidence, both locally and worldwide, for massive long-term fluctuaticns
in the area covered by algae and grass beds. The time-scale of thls fluctuation
is of the order of years to decades, superimposed on the seascnal bicmass
fluctuations, so the carbon storage capacity of this reservoir is highly
varigdble., Becazuse the carbon reservoir is relatively small, although potentially
significant, any globally significant dbiomass variation will be represented by
very strorg arplification in the seaweed reservoir. Such information may he
retrievable from relatively crude historical records. The variation of this
reservolr is not llkely to have been responsive to CO; increases in the
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atmosphere ard oceans, but this variation may nonetheless partially account
far or uncertainty about carbon sinks.

‘artrient limitation of this seaweed biamss accumilation does not
appear to be an immediately relevant issue in evaluating the impartance of
the seaweed biamass reservoir. It has been observed that the growth of
the marine orgaric carbon reservoir could be propartional to human dis harges
of limiting rutrients which may have been in rough propartion to cne T35
loading. There are same other points of resiliency in this mutrient
limitation as well. Biochemical utilization of the seaweed iIn part
liberates the potentially limiting rutrients and leaves behind a carbon-
rich residue. Often the seaweed represents a relatively rminor part of the
total eccsystem production, which may be daminated by high production,
high-turnover phytoplankton. Hence, seaweed biamass burial may be a
locally insubstantial drajin on the mutrient reservoirs. Finally, the process
of seaweed biamass fluctuation is a demonstrable event which pre-dates
the irdustrial carbon imput and is as least implicitly "covered” in
extant rutrient buugets. If more careful inspection of data on seaweed
biomass ard biomass fluctuation cantirues to suggest this reservoir to be
sigrificant as a global carbon sink, then the extant budgets of limiting
nutrients may need to be modified accordingly.

This potential importance of the seaweed carbon sink suggests three
related lines of researrh :

1. Effort should be devoted to a global inventory of the present area
of algae and seagrass beds and evidence for long-term variation of these
beds. This evaluation of historical changes can probably be accamplished
in large part fram both published and unpublished data, in particular his-
torical archives of air photographs. Air photographs, satellite remote
sensing and limited ground-truth surveys should be used for assessment of
present seaweed areas. The only way seaweed carbon can be important to the
global carbon inventory is if the changes in this reservoir ace relatively
large.

2. The data on biomass and productivity should be evaluated, to insure
that they are properly weighted cn a global scale.

3. The fate of the seaweed biamass should be carefully examined, to
determine whether this biomass indeed does represent a significant carbon
sink or merely a closed carbon re-cycling loop.

5. INOF!J.ANICRESPG‘&ISOF'I‘HEGJEAN'IDIl\ICREASE'SD‘IA‘IT’[BPHERICC_O2

Most CO, models assume that the amount of atmospheric CO, taken up by the
ocean is im'olged in the following chemical reactions:

-1 -




Co, (atm) &——= <0, (soln)
00, (soln) + H,0 &= H2003
H,COpg===2 H + HOOJ

HOO7 &=—= H + 0032'

CaC0; (s)=—=> ca®*  (soln) +C0y 2= (soln)

The total CO, in solution is increased when the atmospheric CO2
increases. The conCentration of HCO3 increases at the expense of 003 N

H20+CO +003——b 2HCO3

The carbonate alkalinity (HCOT + 2 CO 27) remains constant. If the
process contimues long enough, the séhd Cacé (in its various forms) will
begin to dissolve with a consequent increase zn alkalinity. Since most surface
waters are normally supersaturated with common shell material, most models
do not consider the reactions of COp with solid CaCO3 in assessing the short
and medium term response of the oceans to changes in atmospheric C05.

5.1. Basic data

Thermodynamic data (Millero, 1979) on homogeneous equilibria are adequate

for modelling purposes and the equilibrium relationship between A X CO> and

4 CPCO> (i.e., the Revelle factor) can be accurately assessed. Solubility
data at 1 atm. for magnesium- calcites in equilibrium with sea water are
in reasonable agreement (e.g., see summary by Morse et al., 1980). The data
for aragonite (Morse et al., 1980) are not in good agr'eeme.nt and long
equilibration times probably associated with structural rearrangements can cause
problems. Refinement of these solubility data is required, particularly at low
temperatures and also at high pressures.

Dissolution rates of calcite and arasgonite require further study as do the
rates of hydration and dehydration of gaseous CO,. In partlcular, it will be
important to ascertain the degree of undersaturation requlred before calcium
carbonate dissolution can occur at significant rates in cold and temperate
surface waters. These investigations would constitute refinements to the
response characteristics of the system but are unlikely to involve major
changes in the parameters used in modelling.




5.2. Direct measurements in surface waters of response of oceanic
system to increasing PCO,

Investigations are required in which transient tracer (e.g., tritium)
and rutrient (e.g., nitrate) concentrations are used together with CO.
data to assess the net uptake of A CO, from the atmosphere. Initiaf
measurements along these lines (Chen ana Millero, 1979 ; Chen and Pytkowicz,
1979) suggest that the ocean surface layers are following atmospheric PCO
changes quite closely. Similar procedures should also be used to follow
the rapid downwelling of high latitude water to intermediate depths with the
consequent transport of AXCOp, (see Broecker et al., 1979). Estimates
are required of the net flux of AZCO, by this mechanism in comparison
with advective (dispersive) fluxes in tropical and temperature waters. Long
term monitoring of mixed layer CO, levels and the status of the COp system
in selected sites is required to follow the response of the surface waters
to changes in PCO, and, in shelf-waters, to show whethe. this response
involves the dissolution of carbonate minerals.

£.3. Influence of sz increases on solubility of carbonate phases

5.3.1. Shallow water dissolution

When dissolution of CaCO, solid phases occurs the response is likely
to be noticed first in aragonité and high magnesium calcite ( D 8% magnesium)
phases in high latitude and temperate shelf-seas, (hitfield, 1974). More
information is required or the distribution of aragonite and high magnesium
calcite phases in such seas and on their potential role as a sink for fossil
fuel CO>. Indications of contemporary corrosion of carbonate phases in

shallow waters (Alexandersson, 1976, 1978) deserve further investigations.

It is important to ascertain whether such sites are associated with regions

of high productivity and/or with excursions to low ambient temperatures.

Studies of the status of the CO, system are required in the interstitial waters
in sites where dissolution is indicated from morphological evidence. A close
watch should be kept on temperate and polar shelf seas for signs of corrosion
of deposited CaCOz since calculations show that such waters should approach the
saturation limit for high magnesium calcite and aragonite (and possibly calcite)
whenP increases to two cr three times its present value ( Whitfield, 1974).
Talper%lze shelf-seas in the Northeim hemisphere are also likely to experience
same degree of eutrophication over the next few decades.

5.3.2. Deep water dissolution

It has been generally assumed that in the long term (millenia), oceanic
circulation patterns will allow atmospheric PCO, changes to lower the pH of deep
waters so that dissolution of CaCOz can occur, thus providing a mechanism
with a large buffer capacity which“can act as a long term sink for anthropogenic
CO,. Recent measurements of the penetration of tritium into the deep ocean
(sge sumary by Broecker, et al., 1979) suggest that, at high latitudes, water
equilibrated with the atmosphere may move rapidly to depths in excess of
1000 m. It is important to assess whether such rapid penetration of Az CO2
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is likely to cause CaCO3 dissolution on a significant scale in the short or
medium term (decades or” centuries). In assessing such effects, we again

camre up against the problem of studying the status of the COp system in the
interstitial waters of sediments. It is also necessary to investigate the
source and nature of the material accumilating in the vicinity of the lysocline
ard to estimate the fluxes of settling material. Relationships between
atmospheric levels, estimated from ice cores, and the preservation record
of calcitic araganitic tests in deep sea cores should be investigated in
more detail to clarify the historical links between these parameters.

5.4. Recammendations

5.4.1. Further direct measurements should be made of the extent of
undersaturation required for the dissolution of naturally occurring calcium
carbanates. Particular emphasis should be placed on conditions representative
of the envirament at possible dissolution sites (i.e., temperatures less than
10°C at atmospheric pressure and also at pressures of several hundred

atmospheres).

5.4.2. Coherent studies involving transient tracers, nutrient balance
and CO2 status measurements should be made in areas of active dowrwelling
to assess the extent of removal of fossil fuel CO2. Attempts should be made to
improve the method used by Chen (Chen and Milleros, 1979; Chen and Pytkowicz,
1979) to separate the inorganic and orgamc contributions to 4 £ CO,
in ozean wacers.

5.4.3. A few select monitoring sites should be established in temperate
and high latitude shelf seas and in the open ocean to follow the oceanic uptake
of excess COp and to ascertain the extent of involvement of solid buffer
mechanisms. Measurements of PCO, , COo and carbonate alkalinity should be
made.

5.4.4, Studies (both theoretical and observational) should be undertaken
to establish the extent to which rapidly dowrwelling waters are able to affect
significant changes in the depth of the lysocline.

6. TRACERS FOR STUDIES OF ATMOSPHERE-OCEAN EXCHANGE

In the past and up to now carbon-14, tritium and radon isotopes have been
used as tracers for atmosphere/ocean interactions. Carbon-14 has mainly
provided spparent ages of sea water, the true ages, (relative to ocean surface)
being masked by internal mixing to varying extents. Radon has provided an
independent tool for determining gaseous exchange rate across the sea surface.
Tritium, being bamb produced, represents a transient state and will continue to
give valuable information on the atmospheric-ocean exchange. Since radicactive
decay takes place, measurements of both the parent tritium and the stable daugh-
ter helium-3 make it possible to treat bomb tritium as a tracer with
conservative properties. Krypton-65 is also a transient tracer, which is
being introduced to the oceans.
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Argon-39 being a steady state tracer with a helf-life of 270 years,
would be avalusble complement to carban-14 apparent age determination since it
will respard in a different way to internal mixing processes in the oceans.
Argan=-39 wauld therefare be of great value far evaluations of the true
frequency distribution of age in the sea.

The objective of tracer studies in the oceans is to be able to construct
a model for the cceanic campanents of its carbon dioxide cycle, making it
possible to predict future uptake. The model should be based on the true
frequency distribution of age (relative to the surface) of water in the oceans.
This frequency distribution has to be assessed fram tracer work of the past,
present and future.

7. THE HISTORY OF THE ATMOSPHERIC CO, CONTENT

Measurements of the COp cantent of the air occluded in ice cares indicate
a lower atmospheric COp content during last glaciation (of the arder of 200 ppm.,
Oeschger, personal communication) than during the Holocene (around 300 ppm).

Attempts to find COp concentration oscillations fram the ocean sedimentary
recard should be sought. Cambined with the ice caore record on the atmospheric
CO> content, they may contribute to the understanding of the oceans role
in controlling the atmospheric CO, content.
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