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Introduction: The nature of nutrient limita-
tion on primary production during recurrent (Phanero-
zoic) or possibly persistent (Proterozoic) intervals of 
oceanic anoxia is of particular interest because of the 
redox control of nutrient and trace metal availability. 
Dissolved phosphate likely increased during transitions 
from oxic to anoxic marine conditions, while nitrogen 
availability may have decreased due to extensive deni-
trification as low-oxygen waters spread. Diminished 
export production and oxygen demand in an N-limited 
ocean would have posed a negative feedback that may 
have prevented the establishment of widespread deep-
water anoxia and euxinia (H2S-rich conditions) or even 
initiated the shift back to oxic conditions.  

Modeling the Transition: Here we use the 
GENIE-1 Earth system model to address the biogeo-
chemistry of the oxic-anoxic-euxinic transition charac-

teristic of some Phanerozoic oceanic anoxic events, 
with the Late Permian as an example. GENIE-1 consists 
of a 3-D non-eddy resolving frictional geostrophic ocean 
circulation model [1] coupled to the 2-D energy moisture 
balance atmospheric model [2]. The ocean model is based on 
a 36x36 equal-area horizontal grid with 16 vertical levels. 
The GENIE-1 model also incorporates a representation of the 
marine geochemical cycling of carbon and other biologically 
mediated tracers [3]. Here we present a closed configuration 
in which no mass of any tracer is gained via riverine inputs 
or lost through sedimentation; only ocean-atmosphere ex-
change is allowed. Biological new production is determined 
based on a Monod scheme consisting of two nutrients (nitro-
gen and phosphorus) and two taxa (N2 fixers and non-N2 
fixers) [4]. In the example shown, phosphate inventories are 
8x modern. 

 
Results:As previously demonstrated with box 

models, phosphate accumulation stimulates both nitro-
gen fixation and denitrification. While there is an ini-
tial transient loss of total fixed nitrogen from the 
ocean, nitrogen inputs eventually exceed losses, and 
the marine nitrogen reservoir grows with that of phos-
phate to significantly exceed its modern value. Euxinia 
develops in the photic zone when oceanic nutrient in-
ventories exceed about 3x the modern values. Nitrogen 
fixation is spatially coupled to denitrification (Fig. 1), 
as observed in the modern [5]. 

 
Nitrogen buildup also corresponds with a shift 

in ecology of the surface ocean and the unexpected 
initiation of non-Redfieldian stoichiometry in the 
chemistry of the deep ocean. Thus no nitrogen “crisis” 
occurs during the onset of anoxia or the establishment 
of euxinia. We postulate that future incorporation of a 
dynamic Fe cycle in the model is unlikely to substan-
tially change this fundamental finding. 
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Fig. 1. Rates of nitrogen fixation and denitrifi-
cation at 10x nutrient inventories for the Per-
mian continental configuration. 
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