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Abstract

* Nitrogen is the main component of the atmosphere, a key nutrient for organisms, and exerts con- trol over climate via direct
warming, as N20, and indirect effects, including pressure-broadening * Previous models linked N to C, and typically only
considered biologic or geologic fluxes in detail, focusing on sedimentary rocks. These studies suggest atmospheric mass steady
over Earth history, which does not match new geochemical and physical paleobarometers * New approach is to more completely
include biologic and geologic fluxes, and link N behavior to PO4 and O2 abundance through time * This approach is consistent
with large-scale changes in atmospheric mass through time, up to 3 present atmospheric masses of nitrogen (1 PAN = 4 x

10718 kg N) supporting geochemical proxies that indicate atmospheric drawdown through time
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Earth System Nitrogen Cycle EarthlN model se

e Nitrogen is the main component of the atmosphere, a key nutrient for organisms, and exerts con-

Atmosphere Bio-N
r 2
trol over climate via direct warming, as N, O, and indirect effects, including pressure-broadening - v | Pt P/ NF
Continental Shelf ¥ Low-latidude 7| |High-latidude NH‘*,:_nit’NOs
. . . . . . . . c,r\luHSt PO Bio-NPO4 || Bio-NPO4 || Bio-N PO4 Mixing/diffusion/
e Previous models linked N to C, and typically only considered biologic or geologic fluxes in 4 PO4 || St Mingdfusion’....
detail, focusing on sedimentary rocks. These studies suggest atmospheric mass steady over ZZ‘:‘,?:,‘.L;‘“‘;“:;"‘ o * \\Geologicfluxes —
. . . . Bio-N 4 . 4 \
Earth history, which does not match new geochemical and physical paleobarometers Reactive Desp N
Shelf sediments
NH4 PO4 Bio-N POg4
. . . . . . . \ -
e New approach is to more completely include biologic and geologic fluxes, and link N behavior >/Pe,3£|:edgg;ts
to PO, and O, abundance through time Oceanic crust e
Subguction( NH4 POg4

/

e This approach is consistent with large-scale changes in atmospheric mass through time, up to e | NH4 POy /
3 present atmospheric masses of nitrogen (1 PAN = 4 x 10'® kg N) supporting geochemical
pl”OXieS that 1Ild1Cate atmOSphel‘lC dl“aWdOWIl thI‘Ough tlme e Biologic fluxes: export production from fixed N and
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® Geologic fluxes: include burial, subduction, outgassing, hy-
drothermal alteration of ocean crust, and continental weath-
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Model sensitivities: mantle cooling :

e Mantle temperature has strong
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Conclusions

e By linking with PO,, we show that this nutrient interacts with N to control N distribution

e Incorporating geologic fluxes (sedimentation, subduction) provides new depth

e Planetary atmospheres with N, can vary substantially over time in the presence of life with direct implications for sustained habitability
e Total planetary N has strong control on distribution, but more detailed mantle cycle needed

e Model as constructed can make predictions, including atmospheric mass, fluxes, and eventually isotopic record



