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Introduction

Ocean anoxic events (OAEs) were periods of high carbon burial that led to
lowering of bottom water oxygen concentrations and drawdown of carbon
dioxide.
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Hypothesis

A Dboost In continental supply of phosphorus (P) to the ocean could have
triggered enhanced primary production, oceanic anoxia and the formation
of organic carbon (org C) rich deposits in both coastal and deep sea
sediments in the Cretaceous. Enhanced P regeneration from the sediments
helped sustain the anoxia but feedbacks in the ocean — atmosphere — land
system ultimately led to it's termination.

Approach

Ocean Model Description

In this study, we use a modified version of an existing box model of the
coupled oceanic cycles of phosphorus (P), organic carbon (org C) and
oxygen (O,) to assess whether we can explain typical C and P profiles
observed in the geological record for the Cretaceous Oceanic Anoxic Event

at the Cenomanian — Turonian boundary (OAE-2; ~94Myrs BP).
Fig. 2 — Steady state cycle of P in the model
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SRP = soluble reactive phosphorus, POP = particulate organic phosphorus, CaP = Ca-bound P

Atmospheric and Land Feedbacks

The model was extended to include an atmospheric O, cycle and redox-
dependent P burial in the coastal ocean.
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Results

A steady state marine P and organic C cycle was perturbed by forcing the
continental supply of weathered P to increase by 30% attimet=0

Fig. 4: Degree Of Anoxia The increase of nutrient delivery causes
50 a boost In primary production which
DOA deep depletes the oceanic O, reservoir,
e DOA COAST . - - - -
Inducing partial anoxia in the coastal
ocean and complete anoxia in the open
s ocean (fig. 4).
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Fig. 5: C and P burial coast
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In the coastal ocean, where anoxia Is 05
not complete, the P and org C burial
Increase due to the boost In primary
production. As anoxia increases, P 0.0 ‘ ‘
burial decouples slightly from C burial 0.5 1.5 2.5
as P Is regenerated from the sediments (relative change)
(fig. 5).
Fig. 6: C and P burial open ocean In the deep sea, where anoxia IS
complete, org C and P follow anti-
2.0 org C bur deep oarallel burial trends (fig. 6). This is
tot P bur deep because, under low O, conditions, org

C Is preserved while P Is regenerated.
This has the effect of fueling further
primary production and respiration of
organic matter in ocean waters, thus
sustaining ocean anoxia.
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Anoxia Is finally terminated due to a rise
In atmospheric oxygen (not shown) that
helps re-ventilate deep ocean waters and
allows burial of P to increase (fig. 6).
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Our model findings are corroborated by —_
evidence from the geological record for
OAE-2. For example, P Dburial data from 1055
Walvis Ridge (fig. 7) show decreased P —_—
burial during the OAE. This P trend anti- i ad sh A8 WG eb o
correlates with the enhanced organic C total P [umol/g]
burial characteristic for OAEs. Kraal et al. (in prep)

Conclusions

Typical trends in total P (and org C) burial for OAE-2 can be reproduced with
a global model of the oceanic C and P cycles.

OAE can be triggered by enhanced P-weathering and sustained by P
recycling from sediments. A feedback of atmospheric O, on P recycling leads
to the termination of the OAE

Coastal and open ocean behave differently during OAEs due to different
degrees of anoxia. OAEs lead to a further shift in P burial from the deep
ocean to the coastal ocean.



