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Past and present variations in the C-cycle and related changes
in eastern Mediterranean C deposition and preservation

Gert J. De Lange

Utrecht University-Geosciences, The Netherlands

CO2 can be produced by either enhanced atmospheric CO2 content and subsequent fluxes into the
ocean such as the present and future situation, or by enhanced hydrocarbon / organic matter fluxes
and subsequent deep-water degradation such as during past large-scale anoxic events. This CO2 will
dissolve in water thus making it more acidic and resulting in ocean acidification. For studying the
effects of such enhanced CO2 content of the ocean, the initial cause is not relevant. 

To the best of my knowledge no high-precision published data exist on present-day Mediterranean
acidification. Studying the paleo records is an alternative approach to evaluate potential effects
and consequences of ocean acidification in the Mediterranean ocean laboratory. There is no
essential difference between the burning of fossil fuels and the degradation of organic matter or
hydrocarbons, all leading to CO2 as the final product. Degradation of organic matter during its
descent to the seafloor is a continuous process that only for areas with high surface water
productivity leads to an extreme and distinctly noticeable deviation in water column characteristics.
The common observation is an oxygen minimum zone (OMZ) such as in the NW Indian Ocean
with oxygen depletion for the greater part of the water column from less than 200 to more than
1,000 m, and concomitant deviations in nutrients and in the carbon cycle. In deep ocean water it
is the relative magnitude of oxidant (e.g. oxygen) supply by ventilation and reductant (organic
matter) supply by primary productivity that determines the state of the ocean water with respect
to redox potential, C system, and pH. A stagnant deep water mass and an enhanced organic matter
supply will thus lead to the accumulation of enhanced levels of deep water CO2 content. To assess
the potential scale and severity of the present anthropogenic CO2 generation we need to see if in
the past, events of similar magnitude have ever occurred.

Is there a paleo event with which we can compare the present and near-future development of CO2-
related ocean acidification? One of the most comparable events is in fact the PETM event of ~ 55
Ma years ago, that is thought to be related to a similar quantity and rate of release of CO2 as may
be liberated in the near future (compare numbers given by Dickens et al., 1995 and others; …2,000
to 4,000 Gt C). The exact origin for the rapid CO2 increase during the PETM is as yet not fully
ascertained. Mainly on the basis of the extreme d13C excursion at this event, degradation of large
amounts of hydrocarbons such as methane (possibly from gas hydrates; Dickens et al., 1995) and
potentially organic matter has been postulated to have initiated this extreme CO2 excursion.
Whatever the origin, the massive amount of CO2 seems undisputed as well as its dramatic effects
on the deep ocean carbonate dissolution (e.g. Zachos et al., 2005). From the event onward, the
latter continued to be important in the deep ocean for periods up to 100,000 years. This fits quite
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nicely with modeling efforts that have indicated that PETM and potentially future C-system CO2

recovery may take a period of ~ 100,000 years. Not only changes in ocean chemistry have occurred
during the PETM but also a pronounced reduction in marine biodiversity. Many bottom-dwelling
species that form carbonate shells became extinct, possibly as a direct result of reduced pH due to
ocean acidification. Similar potential ecological effects from ocean acidification can be expected
due to the current increases in atmospheric CO2. As mentioned before, these effects are likely to
last for a long time. 

What consequences may this have for the near future? With similar quantities and rate of supply,
we may expect a similar impact on ocean chemistry. In view of the present atmospheric CO2 source
and the delayed transfer to the deep water, the largest effects will be in the surface waters. At the
moment these are largely oversaturated relative to carbonate whereas the deep water in most of the
oceans is undersaturated or close to saturation. A small effect in the latter will thus have a direct
effect on the carbonate preservation potential. In other words, carbonate will start to dissolve in
areas where until recently it was accumulating. Such dissolution will continue with increasing CO2

content, and will also diffuse downward into the sediment. In view of the residence time for most
of the oceans, it will take ~ 1,000 years before in fact all ocean deep waters will be replaced by this
anthropogenic CO2-rich water. An exception to this is the Mediterranean with a residence time of
only a few decades. This area, therefore, has the potential to become a key target, ocean laboratory,
for ocean acidification assessment studies. 

At present the Mediterranean is one of the largest deep water basins that is saturated not only with
respect to calcite but also to aragonite, aragonite being a more soluble form of CaCO3 than calcite.
Therefore, at the sediment water interface, aragonite fossils such as pteropods can be found at least
down to a water depth of 3.5 km, whereas in the North Pacific the latter boundary is rather around
0.5 km. It seems therefore that for the full Mediterranean water column (perhaps with the exception
of a few extremely deep holes such as Rhodes Basin: > 4 km, and Matapan Trench: > 5 km, for
which I am not aware if data exist) calcite and aragonite remain saturated. The Mediterranean is a
small scale ocean basin but with relatively short residence time of the deep water (50-100yr). At
present, it is the sustained winter cooling of relatively shallow pre-conditioned water in the Adriatic
and Aegean that leads to deep-water formation. As a consequence, any atmospheric signal such as
CFC’s or CO2 is rapidly transferred to the Mediterranean deep sea.

Figure 1. Corg (dots) and Ba (crosshairs) contents in Vrica, ODP Sites 969 and 967. Grey denotes the area
enriched in Corg. The graphs have been arranged so that the bases of the Corg-enriched layers are aligned.
The vertical axes have been scaled according to sedimentation rate: the three axes have equal length,
representing 36 kyr. Note that the scale of the horizontal axes is different (after Nijenhuis et al., 2001).
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The eastern Mediterranean sedimentary records are known for their distinct occurrence of dark
organic-rich intervals, sapropel. The latter appear in association with relatively humid climate
periods, whereas the intervening periods are related to relatively arid climate conditions. The
formation of sapropels has been attributed to enhanced primary productivity in the surface waters
and to reduced ventilation in the deep water. Either of these would have resulted in enhanced fluxes
of organic matter to the seafloor, thus to enhanced accumulating levels of CO2 in the deep water.
Clearly, such effects are observed for several intervals of enhanced productivity, and stagnation.
In some of the Pliocene sapropels this has even resulted in the total removal of carbonate, whereas
for the most recent sapropel, S1, the carbonate seems only partly affected (e.g. Figure 1). 

This is not only observed in a reduction of the total CaCO3 content, but also in the appearance of
microfossils. Carbonate microfossils during S1 formation do not suffer from carbonate overgrowth
as for those occurring after S1 formation (Crudeli et al., 2006). This clearly indicates that there is
a difference in the C-system between these periods. Did it ever go below saturation during this last
sapropel period, i.e. from 9.8 – 5.7 kyr14C ? No systematic studies of the selective dissolution of
aragonitic species have been published, but from observations we do know that in most sapropel
S1 sediments, certain large aragonitic pteropods are present. However, no information is available
on the pteropods exact distribution in time and with waterdepth during that period. Climate changes
associated with increased atmospheric CO2 content have been suggested, including a more humid
climate in the potential deep-water source areas. If true, then this would lead to more stagnant
Mediterranean deep-water, as in sapropel times, and a more frequent ventilation of intermediate,
more shallow water due to reduced densities of the water forming in the source areas. 




