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Ocean Sediments

Marine Sediment = Particles + Pore water

Burdige, D.J. 2006. Geochemistry of
Marine Sediments.



Ocean Sediments

Porosity (®) = volume interconnected water
volume total sediment

Burdige, D.J. 2006. Geochemistry of
Marine Sediments.



Sediment Diagenesis

Diagenesis:
— any chemical, physical, or biological change
undergone by a sediment after its initial

deposition and during and after its lithification
(except weathering and metamorphism)

— Examples: advection, chemical diffusion,
organic matter oxidation, CaCO;(calcite) and
CaMg(CO,), (dolomite) formation or
dissolution



Sediment Diagenesis

Steady-state for Nonsteady-state for
reactive species nonreactive species

Burdige, D.J. 2006. Geochemistry of Marine Sediments.



Sediment Diagenesis

Burdige, D.J. 2006. Geochemistry of Marine Sediments.



Terminology

POC = Particulate Organic Carbon
DOC = Dissolved Organic Carbon

DIC = Dissolved Organic Carbon

Corg = Oxidizable Organic Carbon

AOM = Anaerobic Oxidation of Methane



Sediment Carbon Cycling

1) POC hydrolyzed to DOC

2) Oxidation of some DOC (C,,,) via:
Aerobic oxidation:

Cog + O, — CO, +H,0
Anaerobic oxidation*:

C,,*+ SO,%— 2HCO, + H,S

org

* Note that C:S ratio I1s 2:1



Sediment Carbon Cycling

Anaerobic Oxidation of Methane (AOM)*:

CH, + SO, > HCO, + HS + H,O
* Note that C:S ratio Is 1:1

Corg NOt just carbohydrates:
- also proteins, lipids, other biopolymers
- Marine organic matter C:N of ~ 5 to 10
- Terrrestrial organic matter C:N >~20
- Bacterial Biomass C:N ~ 3-5



Distribution of Natural 13C

e A useful source indicator

Stable isotope

Natural abundance ~1%

Distributed unevenly in environment due to fractionation driven by mass-
dependent isotope effects

Abundances are reported in d notation (%o):

i 13C 13C ]
e+
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5C (per mil)= 1ZC x1000
o
i std _ Marine Seawater
Phytoplankton DIC
O13C : : : : L : L
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Distribution of Natural 14C

« A useful age and source indicator

e Cosmogenic radionuclide (5730 yr half life)

* Natural abundance ~10-19%

« Distributed unevenly in environment due to radioactive decay and
fractionation

* Normalize to given 813C to factor out fractionation signal

* Reported in A notation (%o) against 19t century wood

 Present = 1950

[ Fossil C J 1950

A14C ‘l' : : : : l
(% o) -1000 -800 -600 -400 -200 0
> ~60,000 yr “today”

radiocarbon dead



Distribution of Natural 14C

« A useful age and source indicator

e Cosmogenic radionuclide (5730 yr half life)
* Natural abundance ~10-10%

« Distributed unevenly in environment due to radioactive decay and

fractionation

* Normalize to given 813C to factor out fractionation signal
* Reported in A notation (%o) against 19t century wood

e Present = 1950

(]

Live land
plants

1950
A4C ‘l' : : : : l
(%o) -1000 -800 -600 -400 -200 0
> ~60,000 yr “today”

radiocarbon dead



Distribution of Natural 14C

« A useful age and source indicator

e Cosmogenic radionuclide (5730 yr half life)
* Natural abundance ~10-10%

» Distributed unevenly in environment due to radioactive decay and

fractionation

* Normalize to given 813C to factor out fractionation signal
* Reported in A notation (%o) against 19t century wood

e Present = 1950

(]

Live land
plants

1950
A14C ‘l' : : : : l
(% o) -1000 -800 -600 -400 -200 0 Bomb-C
> ~60,000 yr “today”

radiocarbon dead



Bomb 14C

McNichol and Aluwihare (2007) Chem. Rev.



Distribution of Natural 14C

« A useful age and source indicator

« Cosmogenic radionuclide (5730 yr half life)

* Natural abundance ~10-10%

» Distributed unevenly in environment due to radioactive decay and
fractionation

* Normalize to given 813C to factor out fractionation signal

* Reported in A notation (%o) against 19t century wood

 Present = 1950

Deep- Deep- L|ve land
Ocean DOC Ocean DIC plants
[ Fossil C J 1950
A4C ‘l' :
(% o) -1000 -800 -600 -200 0 Bomb-C
>~60,000 yr “today”

radiocarbon dead



ep

Low bottom water
dissolved O,

Laminated sediments

Santa Catalina Island

Catalina
Basin

Organic-rich, anoxic
sediment

La Jolla

San Diego




SMB sampling



SMB sampling



Vacuum Line Processing



SMB Sediment Properties

* Anoxic (bottom water O, = 2pmol/kg)

o Constant porosity and sedimentation rates
(evidence of turbidite)
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Corg @nd AOM signatures

Settling POC Sediment Settling POC
O13C = -21%0 Surface AYMC = 0%o




Corg @nd AOM signatures

Settling POC Sediment Settling POC
O13C = -21%0 Surface A¥C = 0%o

Gas 313C = -60 to -70%o A¥C = -1000%o

Deposits

Hein et al, 2006; Kessler et al, 2008



Corg @nd AOM signatures

Settling POC
O13C = -21%0

Sediment
Surface

Settling POC
A*C = 0%o

Gas 513C = -60 to -70%o AMC = -1000%o

Deposits

Hein et al, 2006; Kessler et al, 2008



Approach

* Fit a advection-diffusion-reaction (ADR)
model to data

 Determine signatures of C,, and diffusive
flux of DIC at the lower boundary of model

o Compare isotopic signatures from model
to those expected froma 1:1 AOM to C,,



Steady-State ADR Model

« Solved numerically ~Ocm
e Processes modeled: :
— Oxidation of O.M. (G,

— Diffusive flux from
DRZ

— CaCO, and
CaMg(CO;),

ppt/dissolution Not ~ BBEIGHI----++-++ws+erreigersserseenspremssensessennsenne. :
I l JLB,S’ ‘]LB,Ca

evident in surface
sediments

‘]LB,DIC / ‘JLB,N

Deep Reaction Zone

AOM + C .
Ca?" + DIC ==p~ CaCO,

2Mg?* + 2CaCO=»2MgCa(CO,),




Steady-State ADR Model
« Solved numerically

e Processes modeled:
— Oxidation of O.M. (G,

— Diffusive flux from
DRZ

— CaCO, and
CaMg(COy),

JLB,S’ ‘]LB,Ca

Deep Reaction Zone

AOM + C, .
Ca?" + DIC ==p~ CaCO,

2Mg?* + 2CaCO=»2MgCa(CO,),
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enriched DIC In
surface sediments
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‘bomb’ carbon)

 Below sub-surface
peak, input of 14C
depleted DIC is
evident

« Agrees with previous
work (Bauer et al,
1995)
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* Indicates input of 14C
enriched DIC In
surface sediments
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* Indicates input of 14C
enriched DIC In
surface sediments

AY4C of DIC (%) (corresponds to
-220 -200 -180 -160 -140 ‘bomb’ carbon)

Below sub-surface
peak, input of 14C
depleted DIC Is
evident

Agrees with previous
work (Bauer et al,







Expected:
SBC of Jgpc=-40% 27
A1C of J g pic < - 500 %o €

(1:1 AOM to C,)

Corg
O.M—>DIC

Deep Reaction Zone

Hein et al, 2006; Reeburgh et al, 2007



Expected:
SBC of Jgpc=-40% 27
A1C of J g pic < - 500 %o €

(1:1 AOM to C,)

Corg
O.M—>DIC

Deep Reaction Zone

Hein et al, 2006; Reeburgh et al, 2007



Isotopic Mass Balance Equations for J g pc :
Jie.pic = Jie.aom™ Jis.corg
13 — 513 13
O CDIC flux* ‘]LB,DIC =0 CAOM* JLB,AOM+ O C:Corg*‘]LB,Corg

14 * — N14 * 14 *
A CDICfIUX ‘]LB,DIC_A C:AOM ‘]LB,AOM-l_A CCorg JLB,Corg

Where 613CD|C flux = '24 %0 , A14CD|C flux — '260 %0



Isotopic Mass Balance Equations for J g pc :

Jis.pic = Jis.aomt Jis.corg

13 * — N13 *
6 CDICqux ‘JLB,DIC_6 CAOM ‘]LB,AOM LB,Corg

14 * — A\14 * 14
A CDICqux ‘JLB,DIC_A CAOM ‘]LB,AOM A CCorg LB,Corg

Where 613CD|C flux = '24 %O , A14CD|C flux — '260 %0



OBC: +20%o




O13C: +20%o
AY“C: +490%o

50%
% AOM



OB3C: +20%0
AY“C: +490%o

50%
% AOM



O13C: +20%0
AC: +490%o

50%




This scenario requires 2x the carbonate ppt predicted by
the Ca?* data alone, but can be resolved if carbonate ppt
actually CaMg(CO,), (dolomite)

Amount calculated is within range of previous work
(Berelson et al, 2005)

Ratio of gross AOM to C,, oxidation in DRZis ~1:2.5
0.04 | 0.36

CaMg(CO,),
0.10
Ca2+,M92+

014 Corg
O.M—>DIC

Deep Reaction Zone




This scenario requires 2x the carbonate ppt predicted by
the Ca?* data alone, but can be resolved if CaCO; ppt
actually CaMg(CO,), (dolomite)

Amount calculated is within range of previous work
(Berelson et al, 2005)

Ratio of gross AOM to C,, oxidation in DRZis ~1:2.5
0.04 | 0.36

Deep Reaction Zone



Conclusions

Organic matter oxidized in surface Is of marine
origin and enriched in 14C

Isotopic signatures of J, g p,c are heavier than
predicted from DIC and SO, data

Bulk concentration and isotope data can be
reconciled If:

— Carbonate ppt rate actually CaMg(CO,), (dolomite)
— Carbonate ppt is tightly coupled to AOM

Isotopic model predicts a more “realistic” C:N

ratio (~10) for the organic matter oxidized In
DRZ



Acknowledgements

_eah Johnson (SFSU), Malee Jinuntuya, Amy
Pitts (ODU)

Keck C Cycle AMS Lab and Druffel lab, UC
rvine and the UC Davis Stable Isotope Lab
Xiaomel Xu (KCCAMS, UCI)

Captain and crew of the R/V Point Sur and Moss
Landing Marine Lab

Oliver Zavoda




