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Today:

- Quick review: “Redfield” ratios on isopycnal surfaces 
OM flux estimates from sediment traps

- Selective degradation of OM?

- Turnover times.

- Importance of terrestrial OM (biomarker and 13C data).

1. Takahashi et al., 1985

Estimate C:N:P:-O2 regeneration 
ratios from thermocline nutrient 
chemistry.

(O2:P along isopycnals)
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Observed slopes reflect 
decomposition + mixing

O2:P = -138

O2:P = -100

O2:P = -252

O2:P = -551
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Use potential temperature to account for mixing

138

172



4

Particle fluxes in 
the North Atlantic 
Bloom Experiment

Moored sediment 
trap array, year-

long deployments

2. OM flux estimates 
from sediment traps

Short (1 cup) offset in 
total mass fluxes w. 

depth => fast sinking 
(50 – 200 m/d)

Implies packaging / 
ballasting

Strong seasonality in 
total mass flux

Total flux increases 
with depth (1-2 km)
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Strong seasonality in 
biogenic fluxes (note 
mass units, not moles 

of C) 

CaCO3 flux increases 
with depth @ 48N

(trapping efficiency)

Short deployments of 
floating arrays of 

sediment traps
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Dramatic attenuation 
of the POC flux with 

depth at each site

Fluxes decrease 
moving offshore

Derived similar curves 
for C, N, P, and O2

demand

-O2:P and –O2:C 

> Redfield

Lee et al. (1998) 
Wakeham et al. (1997) 

Lee et al. (2004)
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14C Pri. Prod.
234Th scavenging model

Moored traps

%C x Holocene sed rate

Strong attenuation (at top and bottom) 
Different methods reflect different timescales

Lee et al., 2004, from
Wakeham et al., 1997

All compound classes show attenuation; amounts differ

Fraction 
uncharacterized 
increases w. 
depth
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Empirical groupings of
biochemicals by 
“behavior” – patterns 
include:

I. Selective degradation

II. Mid-depth maximum

III. Enriched in surface seds

IV. Most resistant

Lee et al., 2004, from
Wakeham et al., 1997

Selective preservation:

Dauwe et al., 1999 
mostly coastal, but also 
sapropel, turbidite

Principal Components 
Analysis of amino 
acid composition of 
sediments;

Factor 1 loadings 
interpreted as 
“degradation index”
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More strongly degraded 
OM (low DI values) 
correlates with low OM 
decomposition rate 
constant. (Selective 
degradation, with 
consequences – a 
decrease in reactivity of 
the remaining OM)

Hedges et al., 2001 –
“Evidence for non-
selective preservation 
of organic matter…”

13C NMR spectra reflect bulk chemical 
structure (C bonds). 

They provide a way to see “into” the 
(large) fraction of sedimentary OM that 
cannot be identified at the compound 
level.

% of NPP

100  plankton

1.25 upper trap

0.75 deep trap
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Hedges et al., 2001 
Non-selective 
preservation of 
organic matter

Use the 13C-NMR spectra to 
calculate “nominal 
biochemical equivalents” 
(AA, carbohydrate, lipid). 

Plankton, upper trap, and 
deep trap all very similar, 
despite ~ 98% OM loss

No evidence of enrichment of 
a trace (aliphatic) residue, or 
of increased unsaturation 
(humification) 

Clear selectivity at compound level (e.g., 
AA patterns, Dauwe), but not between 
broad compound classes? 

They suggest physical protection of 
(~representative) OM.

What does bulk composition tell us? 
Arnosti and Holmer (2003)

OM oxidation rates (O2, SR, Fe, Mn) and 
extracellular DOM hydrolysis rates in 

Skagerrak sediments.

O2: 7.8 9.6 8.0

SR: 2.9 2.3 0.2

Fe: 7.5 4.1 0

Mn: 0 0 6.4

mmol O2 /m2/dy

mmol C /m2/dy
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Measure the hydrolysis rates 
of fluorescently labeled 

polysaccharides in cores and 
homogenized sediment (drop 

in molecular weight), combine 
with DOC data to estimate 
DOC turnover rates (dy-1)

[DOC], and DOC turnover from hydrolysis and from remineralization rates 
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None of these cores seems rich (THAA and THCO are both 
low; C:N high; % POC not correlated with decomposition rate) 
yet the remineralization rates and DOC turnover rates are high 

Total decomp rate (mmol/m2/dy):

18.2 16 14.6

Bulk chemistry solid-phase composition not a good indicator of quantity and quality of 
substrates for microbial communities.

Moodley et al (2002) – experimental study of benthic response to phytodetritus input

13C-enriched phytoplankton slurry injected into benthic flux chambers –
rapid processing (6% per day) (of solid-phase addition, not of DOC pool) 

including CO2 release, and uptake by bacteria, foraminfera, and metazoans.
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Biomass is dominated by 
bacteria. Processing 

includes CO2 release (46%, 
mostly bacterial?), and 

uptake by bacteria (22%) 
and foraminifera (29%).    

A disproportionate role for 
foraminifera in rapid POC 

processing after 
phytodetritus input. 
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Contribution of terrestrial OM?

C:N ~ 106:16 ~ 6.6 (N:C ~ 0.15)
C:N

10

80

Keil et al., 1994δ13C mar ~ -20 o/oo, terr ~ -27o/oo

Deines, 1980

C3

CAM

Marine plankton

“all” terrestrial plants

C4

Grasses, corn, spartina
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Rau et al.

CO2 availability 
(pCO2, growth rate) 

(Goericke et al.)

Plankton δ13C not constant

Goni et al. – lignin, bulk δ13C, biomarker δ13C, bulk 14C

Impact of C4 plants on δ13C(terrestrial) and 
on interpretation of bulk sediment δ13C
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Lignin composition –
terrestrial vascular plants

gymnosperm

angiosperm

non-woodywoody

Hedges and Parker, 
Goni et al.

Bulk δ13C near -20 o/oo 
by 100 m 

Total lignin near 0 
by 100 m 

Evidence of little terrestrial 
organic matter in marine 

sediments? 
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Lignin-predicted δ13C of C3-C4 
terrestrial mixture matches observed 

bulk δ13C of -20 o/oo

Measure the δ13C of lignin 
(known terrestrial) in 

marine sediments, and use 
to estimate C3:C4 ratio of 
all terrestrial OM (bars). 

(assume lignin 
representative of all 

terrestrial OM)       
C3 (-30 o/oo) white        

C4 (-15 o/oo) shaded

An important role 
for fine-fraction C4 

terrestrial OM in 
Gulf of Mexico 

marine sediments –
is this global?


