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Old carbon in the modern marine environment

Possible origin(s) of non-zero 14C ages for OC carbon in marine surface 
sediments:

• 1. Delivery of “pre-aged” terrestrial OC of vascular plant origin

• 2. Relict OC (“kerogen”) inputs from erosion of sedimentary rocks

• 3. Sediment redistribution processes
- Bioturbation
- Lateral advection

• 4. Black Carbon

The Global Organic Carbon Cycle (ca. 1950)
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Coupled molecular and microfossil 14C measurements
Premise:

• Marine algal biomarker compounds (e.g., alkenones) and planktonic forams both 
encode surface ocean-derived signatures (incl. 14C content of DIC).  

• Age discrepancies must therefore indicate different subsequent fates.

• Marine organic matter is predominantly associated with the fine fraction of sediments 
– prone to resuspension and redistribution.

• Foraminiferal tests are coarse, sand-sized particles – less susceptible to redistribution 
by bottom currents. 

Approach: 

• Use 14C relationships between planktonic foraminifera, algal biomarkers (e.g., 
alkenones), and bulk OC isolated from the same sediment intervals as a tool to 
examine sedimentological processes (lateral transport, bioturbation).
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Sedimentological Controls on Geochemical Records from the Bermuda Rise
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?

Long-range transport 
of organic matter 
(and alkenones) 
from the Scotian
Margin to the 
Bermuda Rise?

?

Lateral transport of organic matter to the Bermuda Rise
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?

Lateral transport of organic matter to the Bermuda Rise

Sources and Transport of Alkenones and Forams to the Bermuda Rise
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Science goes in circles!

HEBBLE
Study area

Namibian margin (Benguela Upwelling region)
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14C ages of Namibian margin sedimentary components (core 226660-5)
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Southern Chile
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Additional evidence for advective OC supply
to the sea floor

(i) Increased material fluxes in deep, relative to shallow, sediment traps deployed near 
continental slopes (Honjo et al., 1982; Biscaye et al., 1988; Thomsen & van Weering, 
1998).

(ii) High suspended particle concentrations near the seafloor (bottom nepheloid layer; 
McCave, 1983; Gardner & Sullivan, 1981) or associated with the detachment of 
intermediate nepheloid layers from the upper slope (INLs; Biscaye et al., 1988; 
Pickart, 2000).

(iii) Carbon and oxygen imbalances in the deep ocean (Jahnke et al., 1996).

(iv) Old 14C ages of OC on suspended particles in slope waters (Bauer et al., 2001).

(v) 14C age of particles on slope waters intercepted by sediment traps (Anderson et al., 
1994; Hwang et al., 2004).

(vi) The isotopic and molecular composition of deep sea sediments (Freudenthal et al.,
2001; Benthien & Müller, 2000). 

Advection of POC in the Panama Basin

Druffel et al., 1998
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Benthien & Muller, 2000

Lateral transport of alkenones to the Argentine Basin

Vertical Transport of Organic Matter to the Sea Floor
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Lateral Transport of Organic Matter to the Sea Floor
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Calculation of % terrestrial, marine and fossil OC 

∆14CTOC = fmarine * ∆marine + fterrestrial * ∆terrestrial + ffossil * ∆fossil

δ13CTOC = fmarine * δmarine + fterrestrial * δterrestrial + ffossil * δfossil

fmarine + fterrestrial + ffossil = 1

Variable Measurement/assumption:
∆14CTOC measure directly (AMS)
δ13CTOC measure directly (irMS)
∆14Cmarine measure phytoplankton sterol (PCGC/AMS)
∆14Cterrestrial measure lignin phenol/plant wax (PCGC/AMS)
∆14Cfossil stipulate as –1000 ‰
δ13Cmarine measure phytoplankton sterol (irm-GC-MS)

- assume offset between biomarker and bulk OC
δ13Cterrestrial measure lignin phenol/plant wax (irm-GC-MS)

- assume offset between biomarker and bulk OC
δ13Cfossil assume value based on regional stratigraphy

- (or measure biomarker selected based on ∆14C)

Dual isotopic mass balance approach:
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Black Carbon (BC)

Suggested Reading:

• Gustafsson O. and Gschwend P.M. (1998) The flux of black carbon to surface 
sediments on the New England continental shelf. Geochim. Cosmochim. Acta 18, 
805-829.

• Masiello C.A. and Druffel E.R.M. (1998) Black Carbon in Deep-Sea Sediments. 
Science 280, 1911-1913.

• Schmidt M.W.I. and Noack a.g. (2000) Black carbon in soils and sediments: Analysis, 
distribution, implications and current challenges. GBC 14, 777-793.

• Masiello C.A. (2004) New directions in black carbon organic geochemistry. Mar. 
Chem. 92, 201-213.
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Org. Matter + O2 CO2 + H2O

(NB. For PAH, also read BC!)
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Black Carbon (BC)

Some Notes:
• Estimates of modern BC production
• Biomass burning: 50-260 Tg C/year
• Fossil fuel combustion: 12-24 Tg C/year
• Atmospheric lifetime of BC aerosols: 40 hours to 1 month
• Mass of organic carbon stored globally in ocean sediments: 160 Tg/year 
• BC estimated to make up ca. 6% of sedimentary OC globally.
• Locally (on margins) BC may comprise up to 50% of TOC.

Tons emitted Tons emitted

50000

20000

10000

5000

1000

5000

1000

500

100

10

Biomass BurningFossil Fuel Combustion

Scatter Absorb

Contributions of Black Carbon
to Greenhouse Warming

BCOther particulate
aerosols

Cooke & Wilson (1996)

Kirkevag et al. (1999)



19

Public Health

Increased respiratory problems
associated with elevated particulate
matter concentrations

Black Carbon – A moving Target!
(The Combustion Continuum)

Schmidt et al. (1999)
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What is Black Carbon?

How can we analyze BC?
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BC isolation/measurement methods

3 main types of method:
• optical
• chemical oxidation
• thermal oxidation

NB: In almost all cases, BC is operationally defined.
– Leads to very different estimates of quantity and flux of BC.

Carbon isotopic 
characterization of BC based 

on thermal oxidation
(“Gustafsson”) method

Modified by Reddy
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14C age of Black Carbon in marine sediments

Masiello and Druffel 1998, Science

Non-BC BC
NB. BC isolated by chemical wet oxidation method

BC in Santa Clara River 
suspended sediments

Masiello and Druffel, 2001, GBC
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BC in Santa Monica Basin 
sediments

Masiello and Druffel 2003 GRL

Proportions of BC in 
marine sediments

Middleburg et al 1999
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Graphitic Black Carbon (GBC) in
(pre-anthropogenic) Washington Margin sediments

Dickens et al. 2004, Nature

Guo et al. 2004, GBC
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649 ± 143-80.8-27.912 µgPlant wax alcohols

2070 ± 35-231.7-15.130.24 %Black Carbon

1260 ± 40-149.6-18.931.02 %Total Organic Carbon

14C age
(yr BP)

∆14C
(‰)

δ13C
(‰)

Concn. 
(gdw basis)Fractions

Eglinton et al., G3, 2002

Carbon isotopic composition of dustfall sample off NW Africa

Molecular Proxies for BC
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Historical records of combustion inputs to the environment

Pre-1880’s: Wood Combustion

1900-1950: Heavy industrialization
Utilization of Coal

1970-2000: Catalytic converters
Phase-out of Pb gasoline

1950-1970: Change from coal to oil
Peak of Pb gasoline use
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Pettaquamscutt River Basin
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Assessment of Pyrogenic vs Petrogenic PAH inputs 
based on molecular parameters
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Retene

Historical variations in PAH 14C

Lima et al in prep.

14C contents of individual PAH in environmental samples


