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LEFT TABLE: Gulf of Maine compilation: 

Data sources: 

 
1Monthly shipboard & continuous, single station      

   measurements: Vandemark et al., 2011. 
2Uptake of 14C: O’Reilly and Busch, 1984; Graziano et al.,  

   2000; Charette et al., 2001; and VGPM-estimated:  

   Hayashi, unpubl. PhD thesis. 
3Satellite-derived coupled with ocean circulation model:  

   Jonsson et al., 2010. 
4Thorium-234 scavenging model estimates: Benitez- 

   Nelson et al., 2000; Charette et al., 2001. 
5Time-series moored trap measurements: Pilskaln, 2009;  

   Pilskaln et al., 2013a; and plankton community 

respiratory ETS estimates: Packard and Christensen, 2004. 
 

6Time-series moored trap measurements: Pilskaln, 2009;  

   Pilskaln et al., 2013b. 
7Porewater and radiotracer studies: Christensen, 1989.;  

   and regression model estimates: Burdige et al., 1999;  

   Burdige, 2007. 
8Sediment 14C and 210Pb measurements:  

   In Christensen, 1989; Pike, unpubl. MS thesis; Keigwin, 

pers. communication; burial  

   efficiency model: Burdige, 2007. 

 

Parameter 

 

Mean rate 

Air-Sea CO2 flux 0.41 

Net Primary Production (NPP/euphotic) 28.92 

Net Community Production (NCP/euphotic) 1.73 

Subsurface POC flux 5.7 (@50m)4 

0.4 (@100-150m)5 

Mean = 3.0 
 

Near-bottom OC resuspension flux (0-30 m above 

bottom) in benthic nepheloid layers (BNLs) 

2.46 

Benthic DIC + DOC flux 2.67 

Sediment burial of OC 0.28 

OC available for lateral transport to adjacent slope: = 

(BNL OC resuspension flux)- (OC burial) 

 

2.2 

ABSTRACT: Despite covering a small fraction of the earth’s surface, coastal margins play a significant role in the global carbon cycle due to the fact that margin rates of carbon fixation, 

remineralization and burial are much greater than global averages. The Gulf of Maine, a semi-enclosed shelf sea, is a substantial contributor to the total carbon budget of the east coast margin 

largely due to the gulf's high level of biological productivity.  As part of the NACP Coastal Synthesis Project/East Coast, we compiled water column fluxes, resuspension and offshore advection 

and sediment accumulation rates of particulate organic carbon (POC) to produce annual and region-based estimates of POC export and burial.  Our synthesis results indicate that even though 

a majority of the surface-produced, sinking POC is rapidly remineralized in the relatively shallow Gulf of Maine water column, sedimentary carbon accumulation is significantly larger than that 

reported for the Mid- and South Atlantic Bight regions.  Additionally, a substantial carbon inventory exists in the pervasive and thick benthic nepheloid layers in the Gulf of Maine.  Lateral 

movement of the bottom nepheloid layers to the adjacent deep North Atlantic slope represents a potential offshore input of 4 Tg C per year.  Recently we collected time-series data of near-

bottom and surface pCO2, salinity, temperature, dissolved oxygen, and beam attenuation at an 85 m-deep site in the western gulf.  Total alkalinity, calculated pH, and estimated aragonite 

saturation levels show a close temporal coupling between the surface and deep-water pCO2. The data suggest that aragonite acidification in the gulf is driven by seasonal algal carbon export 

and remineralization in the near-bottom nepheloid layers.  We examine the Gulf of Maine carbon budget relative to other east coast regions and consider the impact of acidification on the gulf's 

seasonal CO2 cycle.  

Summary 

 

*Substantial reservoirs of particulate organic carbon exist in BNLs on 

the East Coast shelves, most notably in the Gulf of Maine and the 

Mid-Atlantic Bight. 

 

*BNL POC reservoirs are approximately 10x greater than that in the 

underlying sediments, integrated over each East Coast domain area. 

 

*Seasonal acidification and CaCO3 loss occurring in shelf BNLs has 

important implications for recent sediment record.  

 

*Potentially large transfer of BNL carbon to adjacent slope needs to 

be incorporated into regional biogeochemical-circulation models.  

Gulf of 

Maine 

Mid-

Atlantic 

Bight 

South 

Atlantic 

Bight 

Subsurface POC flux 

 

6.1 1.7 NA 

BNL resuspension flux of OC 4.8 5.1 1.7 

Benthic DIC + DOC flux 5.4 3.9 4.7 

Sediment burial of OC 0.5 0.24 0.15 

OC available for lateral 

exchange w/slope 

4.3 4.9 1.6 

MAP ABOVE: The Gulf of Maine and major 

current flows (from Pettigrew et al., 2005). 

Gulf is typified by: 1) high levels of primary 

and secondary productivity, 2) carbon-

enriched, silty sediments, and 3) significant 

seasonal and interannual impacts on 

hydrography and nutrient levels via 

interactions with adjacent slope waters. 

Gulf of Maine Benthic 

Nepheloid Layers 

(MAP RIGHT). 

 

The Gulf of Maine is 

also known for its 

pervasive, extensive 

and thick BNLs which 

reach heights of 50+ 

meters above the 

bottom in the deep 

basins and in the Bay 

of Fundy (Pilskaln et 

al., 2013b). 

Gulf of Maine Annual POC Fluxes : mol C m-2 yr-1 

REFS.: Pettigrew et al., 2005. The kinematic and hydrodynamic structure of the Gulf of Maine Coastal Current. DSR II V52; Vandemark et al., 2011. Temporal and spatial dynamics of CO2 air-sea flux in the Gulf of Maine, JGR V116; O’Reilly and Busch, 1984. Phytoplankton primary production on the northwestern Atlantic shelf. Rapp. P.V. Reun. Cons. Int. Explor. Mer 

V183; Graziano et al., 2000. Organic and inorganic carbon production in the Gulf of Maine. CSR V20; Benitez-Nelson, et al., 2000. Upper ocean carbon export, horizontal transport, and vertical eddy diffusivity in the southwestern Gulf of Maine. CSR V20; Charette et al., 2001. Investigating the carbon cycle in the Gulf of Maine using the natural tracer thorium 234. JGR 

V106; Jonsson et al., 2010. Large variability in continental shelf production of phytoplankton carbon revealed by satellite. Biogeosci. V7; Pilskaln, 2009. Seasonal and interannual biogeochemical particle flux dynamics in the Gulf of Maine. Gulf of Maine Symp.: Advancing Ecosys. Res. for the Future of the Gulf, New Brunswick, Canada, Prog. Abstr.; Pilskaln et al., 

2013a. Spatial and temporal variability of Alexandrium cyst fluxes in the Gulf of Maine: Relationship to seasonal particle export and resuspension . DSR II in press; Packard and Christensen, 2004. Respiration and vertical carbon flux in the Gulf of Maine water column. JMR V62; Christensen, 1989. Sulphate reduction and carbon oxidation rates in continental shelf 

sediments, an examination of offshelf carbon transport. CSR V9; Burdige, 2007. Preservation of organic matter in marine sediments: controls, mechanisms, and an imbalance in sediment organic carbon budgets? Chem. Rev. V107; Burdige et al., 1999. Fluxes of dissolved organic carbon from California continental margin sediments. Geochim. Cosmochim. V63;  

Pilskaln et al., 201b3. Benthic nepheloid layers in the Gulf of Maine and Alexandrium cyst inventories, DSR II in press; Najjar et al., 2012. Report of The U.S. East Coast Carbon Synthesis Workshop, OCB and NACP, 34pp.; Hoffman et al., 2008. Eastern US Continental Shelf carbon budget: Integrating models, data assimilation, and analysis. Oceanography V21.  

LEFT FIG. AND TABLE BELOW:  POC export, remineralization and 

sediment burial budgets for each of the 3 major East Coast domains are 

presented below (Najjar et al., 2012). The domain areas were defined by 

the NENA  biogeochemical-circulation model (Hoffman et al., 2008).  

Carbon parameter values were obtained from published and unpubl. 

literature. Values are in Tg C yr-1. 

Evidence for acidification and particulate inorganic carbon 

(as CaCO3) dissolution in BNLs: 

 

Data from 2012 deployment of pCO2 sensor (and 

CTD/transmissometer) in BNL at 85 m in western gulf and 

from surface pCO2 sensor. 

 

Measured pCO2, %transmission and derived pH and omega-

aragonite reveal increase in BNL particle abundance (= 

decrease in %transmission) following spring bloom in 

overlying waters when algal-rich particle fluxes to depth are 

elevated (Pilskaln et al., 2012)   

 

Results in enhanced POC remineralization at depth, increase 

in BNL pCO2, and decrease in pH and omega aragonite 

(Salisbury, Pilskaln and Vandemark, unpubl.). 
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