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— What we have little/no clue about
— [errestrial weathering dynamics

— Link between P, C, oxygenation, ocean ecosystem
structure

— P cycling at the advent of “rootedness”
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MBIINE P chemistry =
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SNVBEErn P limitation in the ocean
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— P the geologically limiting nutrient

® Nitrogen important on daily to annual timescales, but huge
atmospheric pool

e Silica, Iron, important but spatially/ecologically limited
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Seaiimentary P geochemistry
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=SEdimentation rate
= differences are key, with
= phoesphorus recycling
-~ back to the water
column inversely
correlated with
sedimentation rate

0 0 40 500
Phosphorus accumulation rate (pmol P cm™ kyr™)




Sacllrr
Phoson

ation of authigenic phosphate minerals—in marine settings, usually
nate Fluorapatite (CFA)

?y accumulation of reactive P at the seafloor—requires net P
“umulation

~&  Process involves diagenesis of P- bearmg phases, release of P to interstitial
- <.waters and authigenic formation of CF

Gevounsd  Cassovesd  Corganicd

Crovound = assoivod 3
Couthigonic

o Where does phosphogenesis occur?
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_— Phosphatic shales Monterey Fm

_;.-.-r.;;" ﬂ-" s ,sphatlc laminae, micronodules formed by release of P from organic
.’:-' ~~ matter and oxides and migration to sites of CFA mineralization
— €ontrolled by
Rate of release

— Bio-irrigation

— Permeability

— Templates for CFA authigenesis

— Competitive geochemical reactions

e Where else does phosphogenesis occur?
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. the deepreastern™
eguatorial Pacific.on
timescales of myrs
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P concentration (umol P/g)
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iENtbiquity @hosph@ggﬁ;ig»-

JIiENdEVElopment off more sophisticated P
geochemicalltechniques by a number: of
reffré around the world has shown the

Mmon occurrence of authigenic apatite in

" any Settings
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=~ — although interestingly few studies have tried to “see”
- disseminated apatite;

® Phesphogenesis is mundane
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= \What we have little/no clue about

— [errestrial weathering dynamics (morning/afternoon)

— Link between P, C, oxygenation, ocean ecosystem
structure

— P cycling in deep time (the advent of “rootedness”)




Dust (minor source)

continental margin sediments

deep ocean sediments (plus hydrothermal)
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tzllzlfles approach

Bould provide the master switch for marine
; palctvity and carbon burial

) ould provide context for weathering release of P
ifrom terrestrial systems.

Input rate

Inventory
Tp =

(input rate) or (output rate)

Output rate
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SebI EMFAI=0nIyIntegrated record from ocean
Sediments with wide range in accumulation rates

- ff.%(i‘ver input Dust (minor source)
Bt "
e

major source

~ Sea level change I

continental margin sediments

deep ocean sediments (plus hydrothermal)

eTotal P versus reactive P

e~80% of total P deposited on continental margins
eSea level changes, reworking, shifting
depocenters




= [jttle is known about particulate phosphorus changes via soil
loss, sediment loading of rivers

~ — Problem #3—Cycle not in steady state
= ® Residence time on land
— ~50 kyr wrt soil and biota

® Residence time in ocean
— ~25 kyr wrt sedimentation
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‘_,.:c Jer: rates during glacials
” ~and terminations, lower
~  during |ntergIaC|aIs S

: Anderson Pon

when soils reach
steady-state conditions

Age (kyr B.P.)

Caveat—VERY few records S

(wmolecm2ekyr!)
Filippelli and Souch, 1999, Geology




= _0 _Even iInternal drivers of the phosphorus cycle
may. modulate paleoproductivity and thus affect
the burial of organic carbon on glacial
timescales.




SONCEPtUal-model:

PISE2EEvel Variations drive phosphorus
SHElEAEEp basin fractionation

St

'-_'[;ut ~River input

(major source

continental margin
sediments

deep ocean sediments
(plus hydrothermal)




appens when CFA is exposed to subaerial
a |ng?
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§ed via congruent weathering reaction
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(PO4)3OH + 4H,CO; = 5Ca?* + 3HPO,* + 4HCO; + H,0O

i_——,H_2C03—both rainwater and elevated pCO, from root respiration

Release also facilitated by phosphatase enzyme and mycorrhizal fungi

CEA IS Unreactive in marine sediments but easily dissolved under
subaerial weathering (whereas other forms more stable),
especially considering high land plant demand
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Wiy hiave been Using
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= édimentation rate models don't apply

= = Con remove some of the sediment
= " focusing Influence

0
50000 100000 150000 200000 250000 300000 350000 400000

Age (ybp)

®. Concentrating on upwelling zones
— Higher temporal resolution
— Biological productivity likely most
modulated by nutrient supply

— Export of P highest in these regions,
thus most important in terms of marine
P mass balance
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Viegsured versus Modeled?™
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Model shelf-basin fractionation as a function of sea level
First-order estimate, more realism than on-off of G/IG but oversimplification
Why. not a more sophisticated model?

— Assumptions are large

— Soil processes, weathering, erosion on exposed shelves very difficult to model
— Input variations from terrestrial system too poorly constrained to make a realistic

coupled model
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Ihcoming moist air
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South Asia topography and summer mogsoon




M ODICITISS
Do fleE match well'with carbon isotopic records of

ermjm eductivity, nor Os isotopic records of
WEDHE Mg, nor Ca mass balance record from CCD—Not

cll| A "Eherlng S the same
=xamination of Himalayan core complex yields extremely.

-_;7'-" = 371 St isetoepic composition—could in part be driving
= radlogenlc Sr values

Another Aﬁproach Examine oceanic

biegeochemical proxies on shorter time scales,
particulanly centered around productivity events
Seen in equatorial records




SeaWiFS Global Biosphere  September 1997 - August 2000
Three Year Anniversary

01 020305 . 23 5 1 23 5 10 152030 50  Maximum Minimum
Ocean: Chlorophyll @ Concentration (mg/m3) Land: Normalized Difference Land Vegetation Index
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