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we can unequivocally identify any traits that
are truly diagnostic of early hominins (20).
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Burial at Sea

Jack J. Middelburg and Filip J. R. Meysman

nly about 0.4% of the carbon fixed by

phytoplankton at the ocean surface is

buried in oceanic sediments (see the
figure). Yet, this burial has major conse-
quences, because it links carbon pools that
cycle fast (oceanic, atmospheric, and terres-
trial) with sediment carbon pools that cycle on
geological time scales. Burial of organic car-
bon in sediments represents a net carbon diox-
ide removal from, and oxygen (O,) input into,
the atmosphere: Without carbon burial, O,
would not have accumulated in the atmo-
sphere. Moreover, the small quantity of car-
bon transferred from surface to subsurface
sediments supports prokaryotes that live deep
in Earth’s crust and that make up about 30% of
the total living biomass on Earth (7).

It has been shown that the burial of
organic matter in marine sediments is con-
trolled by biological, chemical, and physical
processes (2). However, explaining why some
organic matter escapes mineralization, and
what controls the mineralization rate, has
proven to be a challenge. On page 1325 of
this issue, Rothman and Forney (3) demon-
strate that encapsulation of organic matter by
clay materials—a process termed “physical
exclusion”—plays a key role in determining
the degradation rate of organic matter in
marine sediments.

The degradability of organic matter is usu-
ally expressed in terms of a first-order rate
constant k. Two decades ago, a synthesis of the
available data revealed a clear trend: The reac-
tivity decreases with increasing time scale,
following a power law (see the figure) (4). The
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Insights into the mechanism that protects organic
matter from degradation in the ocean will help
scientists evaluate the Earth’s carbon cycle.

102 10° 102 10°
Time (years)

Carbon burial and degradation. Organic matter is transferred from the photic zone of the upper ocean to
the sediments of the deep biosphere (left). During this transfer, organic matter is continuously degraded, yet
the rate of degradation slows with time. Data from sediment cores, laboratory degradation experiments, and
sediment traps show that the decay constant follows a power law with time (that is, with increasing depth in
sediment) (4) (right). Rothman and Forney now propose a mechanistic model that explains this power-law

degradation behavior.

challenge was to find a mechanism that could
explain this pattern. The decrease in reactivity
had to be a property of the organic matter and
its relation with the environment. Boudreau
and Ruddick (5) proposed a theory in which
organic matter consists of a spectrum of reac-
tive compounds, each with its own first-order
rate constant k. However, this theory requires
that one know the specific form of the reactiv-
ity distribution, a property that cannot be
measured. Rothman and Forney now show
that an inverse reactivity distribution is consis-
tent with the power-law data. As a result, the
new target is to find a proper explanation for
the inverse reactivity distribution that under-
lies the power law.

Three main factors govern organic matter
degradation in sediments: the chemistry of the
organic matter itself, the physical details of the

sediment environment, and the biological
agents that cause the breakdown of organic
matter. Past explanations heavily favored
either a chemical or a physical view, even
though that the three factors often interact and
their relative importance depends on the time
scale (2, 6).

In the strictly chemical view, organic mat-
ter consists of a range of molecules that differ
in their chemical structure. These differences
determine the kinetic rate by which they suc-
cumb to the attack of microbial enzymes; as a
result, the more recalcitrant compounds are
selectively preserved (2, 5). In contrast, in the
physical view, it is the environment that
controls the rate at which organic matter
degrades. One possible control mechanism is
the availability of electron acceptors: When
O, is present in the sediment, organic matter
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tends to degrade more rapidly, and the expo-
sure time to O, thus seems to be crucial. In
a second mechanism, the microbes or their
digestive enzymes may be physically ex-
cluded from the organic material because the
latter is enclosed in a mineral clay matrix.

In their model, Rothman and Forney
focus on this physical-exclusion mechanism.
They assume that organic matter consists of
one chemical pool and propose a simple
model for the behavior of digestive enzymes
around a single microbe. When the enzymes
diffuse away from the microbes, they are hin-
dered by the physical sediment matrix. Fewer
enzymes are found further away from the
microbe, where organic matter thus decays
less rapidly. Limitation of enzyme supply to

reactive organic matter eventually leads to
the inverse reactivity distribution that ex-
plains the power law.

The model by Rothman and Forney pro-
vides a mechanistic underpinning of the
empirical power law, adding confidence to
predictions of organic matter degradation
over time periods that are beyond experimen-
tal investigation (see the figure). Organic
geochemists and microbial ecologists may
find the underlying assumptions of the model
too simplistic. However, the physical-exclu-
sion hypothesis is supported by the composi-
tional similarity of organic matter in sedi-
ments (2, 6) and is a valuable first approach
for linking microbes, enzymes, mineral par-
ticles, organic matter, and diffusion in sedi-

PERSPECTIVES

ments to a quantitative prediction of organic
matter degradation over orders of magnitude.
Such models are crucial for understanding
and quantifying the turnover of prokaryotes
that live deep in Earth’s crust (7).
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The Monsoon'’s Past

Philip A. Barker

onsoons arise from the differential
Mheating of land and oceans; their

strength and direction are governed
by temperature and pressure differences
between the land and ocean surfaces. Elu-
cidating how the monsoon may have varied in
the past therefore requires a suite of sea sur-
face temperature and precipitation records
from diverse oceanic and continental loca-
tions. On page 1303 of this issue, Weldeab et
al. (1) report a new paleoclimate record from
the Gulf of Guinea that contains evidence of
oceanic conditions and continental monsoon
precipitation over the past 155,000 years. The
site is set to become important for understand-
ing monsoon variation across West Africa,
and the role of the tropical Atlantic in conti-
nental climate forcing more generally.

The record, called core MD03-2707, is
located in a region with limited upwelling
from the deep ocean and with weak local cur-
rents. The site preserves a geographically inte-
grated record that is largely unperturbed by
local influences. This offshore location is thus
of particular importance, because few long
continental sedimentary records from West
Africa are available.

Weldeab et al. have retrieved a high-reso-
lution, well-dated geochemical record that
spans the past 155,000 years and that they
interpret as a proxy of monsoon changes at the
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millennial time scale (/). They use Ba/Ca
ratios from planktonic foraminifera as evi-
dence of freshwater discharge from the Congo
River system; Ba concentrations are relatively
high in the river as compared to the ocean.
This and other cores from the region (2, 3)
show substantial changes in the rate of Congo
discharge at millennial time scales. At present,
the Congo discharges 1270 km? of fresh water
per year (see the figure) (4) and also delivers
key nutrients into the oceans—including sili-
con, whose biogeochemical cycle is emerging
as an important climate feedback process (5).

A sediment core from the Gulf of Guinea provides
insights into changes in the African monsoon
over the past 155,000 years.

With greater discharges reconstructed for the
past, the Congo’s discharge would have vari-
ably seeded oceanic productivity.

While Ba/Ca ratios reveal riverine dis-
charge, Mg/Ca ratios of foraminifera offer a
proxy for sea surface to temperatures in
that vary independently of Ba/Ca, thereby
enabling the role of sea surface temperatures
on monsoon-driven runoff to be evaluated.
Surprisingly, in the Gulf of Guinea, monsoon
intensity and sea surface temperatures were
decoupled for parts of the record. Enhanced
freshwater inputs from the Congo were near-

Monsoon clues. This aerial view shows the Congo River winding through mangrove swamps near the mouth
of the river. Today, the Congo River discharges 1270 km? of fresh water per year into the ocean. Weldeab et
al. provide evidence that discharges have episodically been higher in the past, providing insights into
changes in the African monsoon over the past 155,000 years.
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