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 10 

Abstract 11 

Evaluation of biogeochemical processes in Anthropocene deep-sea sediments require 12 

accurate dating techniques. Here we show the results of an approach using high 13 

resolution low level background gamma spectrometry with two simultaneous hyper-pure 14 

germanium (HPGe) detectors. The quantitative role of the deepest zones (>3000 m 15 

depth) of the Irminger Basin (Subpolar North Atlantic Ocean) as a carbon sink during the 16 

Anthropocene is evaluated combining a chronology based in the natural radionuclide 17 

210Pb with sedimentological analysis and elemental composition. The average 18 

sedimentation rate of the central Irminger is 1.28±0.18 mm·yr-1, with a mean weighted 19 

flux to the sediment for inorganic and organic carbon of 46±15 g·Cinorg·m-2·yr-1 and 8±1 20 

g·Corg·m-2·yr-1. The biogenic fraction of the mass flux is increased since the XXth century. 21 

The contribution of the deepest zones of the Irminger Basin to the Anthropocene carbon 22 

sequestration in the North Atlantic Ocean is considerable at basin-scale. 23 

Keywords: Deep-sea sedimentation rate, Subpolar North Atlantic, Irminger Basin, 24 

Carbon sink, Geochronology, Anthropocene. 25 

 26 

1 Introduction 27 

A new geological epoch has been proposed: the Anthropocene (Crutzen and Stoermer, 28 

2000). It is based in the scientific community consensus that humankind has already 29 

alters the Earth-system and has become a global geological force by its own (Steffen et 30 

al., 2011; Waters et al., 2016). However, there is no global consensus to mark the onset 31 
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of the Anthropocene, but the option to set it the lower boundary at the mid-20th century 32 

is gaining strength (Steffen et al., 2016; Waters et al., 2016; Williams et al., 2016). 33 

Detection of the Anthropocene is relatively easier in coastal and estuarine areas with 34 

greater anthropogenic pressure (Álvarez-Iglesias et al., 2007; Leorri et al., 2014; Irabien 35 

et al., 2015; Álvarez-Vázquez et al., 2016) than in remote deep-sea basins, where the 36 

relatively low sedimentation rates require precise dating techniques to identify the onset. 37 

The combination of an accurate Anthropocene detection with sedimentological analysis 38 

and elemental composition allows the evaluation of fluxes to the sediment (Álvarez-39 

Vázquez et al., 2016), and can give an insight to comprehend recent biogeochemical 40 

processes. In the current status of knowledge of biogeochemical cycles (carbon cycle 41 

included), the magnitude exported from the water column to deep-sea sediments remains 42 

poorly constrained (Burd et al., 2010; Heinze et al., 2015; Honjo et al., 2008). 43 

Here we show the results of a high-resolution radiochronologic approach via gamma 44 

spectrometry applied to pelagic sediments of the central Irminger Basin (Subpolar North 45 

Atlantic). High-resolution deep-sea sediment chronologies are increasing in number, 46 

especially at zones of high sedimentation rate such as contourite deposits (Boessenkool 47 

et al., 2007; Moffa-Sánchez et al., 2014), but similar studies for recent pelagic sediments, 48 

as the one proposed here, are still scarce. For our study, we used a gamma spectrometry 49 

detector specifically designed to enhance the performance of chronologies in oceanic 50 

sediments (Quintana et al., 2017). The dating is based of 210Pb, a natural geogenic 51 

radionuclide that enters the oceans mainly via atmospheric deposition and is one of the 52 

decay products of the 238U series (T1/2 = 22.23±0.12 yr) (DDEP, 2017; Mabit et al., 2014). 53 

The method can be applied to date sediments from the last 100-150 years, it is a non-54 

destructive technique and gives information on all gamma emitters present in the sample 55 

(226Ra, 137Cs, 241Am…). The detection of anthropogenic radionuclides 137Cs and 241Am, 56 

with known dates of input can be used to validate the age model (Sanchez-Cabeza and 57 

Ruiz-Fernández, 2012). 58 

The 210Pb dating model is based on two facts: the enrichment of 210Pb with respect to 59 

226Ra in aerosols and suspended particles in the atmosphere and the water column, which 60 

deposit in the sediment floor of the oceans; and the higher affinity of 210Pb for organic 61 

matter and suspended particles. The particles enriched in 210Pb are scavenged from 62 



 

water column and deposited in the sediment, creating an excess of 210Pb with respect to 63 

226Ra within the sediment. The total concentration of 210Pb in sediments is unequally 64 

distributed in two fractions: a constant supported fraction which originates in situ from the 65 

222Rn decay, and the excess fraction (210Pbexcess) that, unders the assumption that 210Pb 66 

flux is constant, can be related with the sedimentation rate. The decline of 210Pbexcess with 67 

sediment depth is proportional to the time elapsed since deposition, allowing the 68 

chronological reconstruction. The main source of particulate matter to the pelagic 69 

sediments is the upper ocean, where production of biogenic particles takes place. The 70 

relationship of 210Pb and organic carbon (Corg) is such that the inventory of 210Pbexcess in 71 

sediments can be used as a proxy for the flux of Corg to the sediments (Moore and 72 

Dymondt, 1988).  73 

Located at the subpolar gyre of the North Atlantic, the Irminger Basin is a semi-enclosed 74 

basin with a characteristic V-shaped (Figure 1), limited by the Denmark Strait, the coast 75 

of Greenland and the Reykjanes Ridge. The Irminger basin is considered part of the 76 

Atlantic sector of the Arctic Ocean (Tilling et al., 2015; Robson et al., 2018), and its 77 

northern limit (Denmark Strait) is the main gateway of arctic waters to the Atlantic Ocean 78 

at the eastern rim of Greenland (Jochumsen et al., 2017). The study zone is located in 79 

the central deepest part of the basin, where continental influence is very low. The Irminger 80 

basin is a well-recognized carbon sink area (Landschützer et al., 2016; Takahashi et al., 81 

2009), with primary production dynamics characterized by the North Atlantic spring bloom 82 

(Henson et al., 2006) and where winter deep convection events occur regularly (de Jong 83 

and de Steur, 2016; Piron et al., 2017). Bottom circulation at the central Irminger Basin is 84 

dominated by Denmark Strait Overflow Water (DSOW), a precursor water mass of North 85 

Atlantic Deep Water and an important component of the southward flowing lower limb of 86 

the Atlantic Meridional Overturning Circulation (AMOC) (Våge et al., 2011). Furthermore, 87 

oceanographic properties with climate relevance have been reconstructed from North 88 

Atlantic high-resolution sediment chronologies with studies of past sea surface 89 

temperature (Miettinen et al., 2011; Moffa-Sanchez et al., 2014), bottom flow speed 90 

(Boessenkool et al; 2007, Mjell et al., 2016), or even the AMOC (Thornalley et al. 2018). 91 

These records reveal an unprecedented coupling in the changes between surface and 92 

deep ocean (Hall et al, 2010). 93 



 

Proxy-based records of modern sediments are necessary to discern natural and 94 

anthropogenic trends (Mjell et al., 2016). The amount of carbon buried into the sediments 95 

is also a biogeochemical property with relevance for the climate system. Despite its 96 

importance in the carbon cycle, the local magnitudes of carbon fluxes into the sediments 97 

are far from resolved. To broaden the scope of the results, and after the demonstration 98 

that sedimentation rates are similar in the relatively restricted and homogeneous study 99 

zone (section 3.1), we have combined the geochronology established for a single core 100 

(the dated core, from now on), with the geochemical analysis of a set of four deep-ocean 101 

sediment cores (>3000 m depth) located in the central Irminger Basin. This work is 102 

addressed to quantify the fluxes of particulate organic and inorganic carbon reaching the 103 

bottom of the central Irminger Basin in order to evaluate the role of this basin as a carbon 104 

sink during the Anthropocene.  105 

2 Materials and Methods 106 

Data were obtained from four sediment cores recovered in June-July 2016 from the 107 

central Irminger Basin (>3000 m depth) during the BOCATS/OVIDE cruise (R/V 108 

Sarmiento de Gamboa) (Fig. 1a). The sediment was retrieved using a box-corer that 109 

should ensure nearly intact sampling of the superficial sediment. Once aboard, four PVC 110 

tubes (67 mm diameter) were introduced avoiding the edges of the box-corer, in order to 111 

reduce the possible smearing effects. The box-corer was then disarmed without 112 

perturbation of the PVC tubes and well-preserved cores were immediately sampled 113 

aboard. Samples were sliced every 0.5 cm between the top centimeters 1 to 10, and 114 

every 1 cm from 10 cm to bottom. High water content of the surface interphase prevented 115 

the separation of the top 0.5 cm, so the first centimeter is also entire (0-1 cm). Samples 116 

were stored in a refrigerator at 4ºC. Plastic material was used for all the steps of slicing 117 

and storing. Water content was determined from the difference between wet and dry 118 

weights. Grain-size and geochemical analyses were done in an ISO9001 certified 119 

laboratory (CACTI, University of Vigo). 120 



 

 

Figure 1. a) Map of the Irminger Basin. Location of the cores in the central 

Irminger Basin (>3000 m depth) is represented with colored points. The 

dated core (BC77, 59º 29.46’ N, -37º 41.15’ W) is represented by a red 



 

triangle. The 3000 m isobath is the thick black line, and the dashed red 

polygon represents the boundaries considered for the Irminger Basin. The 

site location of other studies discussed along the text are represented with a 

black triangle (Boessenkool et al., 2007; Jonkers et al., 2010b) and a white 

triangle (Moffa-Sánchez et al., 2014). b) Vertical image of the dated core in 

visible light from top (0 cm) to depth (20 cm). Each one of the vertical black 

and white rectangles at right side represent 1 cm. c) Ternary diagram for the 

grain-size characterization of the samples from the study area. The color 

legend of the cores along its naming is available at the upper right corner. 

 121 

2.1 Sediment analysis:  122 

2.1.1. Grain-size characterization 123 

Grain-size characterization was performed at centimetric resolution using a laser 124 

diffraction particle size analyser (Beckman Coulter LS 13 320 with Fraunhofer optical 125 

model). Samples were calibrated with certified standards achieving an accuracy (1.6 µm) 126 

and precision (3 µm) well below the ISO 13320 norm for particle size analysis with laser 127 

scattering methods. Samples were split into clay (<2 µm), silt (2-63 µm) and sand (>63 128 

µm). Silt and sand fractions are subdivided by increasing size as very fine, fine, medium, 129 

coarse and very coarse (Fig. 2a).  130 

2.1.2. Radionuclide measurements 131 

For the radionuclide measurements, only applied to the dated core (BC77), oven dried 132 

samples (45±2ºC) were powdered in an agate ball-mill and vacuum-packed into plastic 133 

containers of a standard geometry with a known weight of around ~15 g per sample. 134 

Samples were sealed at least three weeks before being measured to ensure that secular 135 

equilibrium between parent isotope 226Ra and its short-lived daughter isotopes was 136 

reached. Samples were counted in a low level background gamma-ray spectrometer with 137 

two hyper-pure germanium (HPGe) planar detectors (BEGe Model, Canberra) coupled 138 

with a multichannel analyzer. In order to reduce the background level as much as possible 139 

a series of active and passive shieldings were developed: (i) each detector is mounted in 140 

an impurity-free cryostat (ii) and surrounded by anti-Compton rings (NaI(Tl), Scionix), (iii) 141 

the chamber of detection is shielded with uncontaminated iron (10 cm thick) and lead (5 142 



 

cm thick) dating from the Eighteenth Century, (iv) and is continuously ventilated with 143 

nitrogen gas in order to avoid inferences due radon accumulation. Furthermore (v), all the 144 

equipment is installed in a third basement, reducing the cosmogenic radiation.  145 

Individual samples were counted between 48-96 hours until statistically significant 146 

emission’s spectra were achieved. Total activity of 210Pb, 226Ra and 214Pb, the 147 

radionuclides used for the dating, was determined by gamma emission at 46.54 keV, 148 

186.21 keV and 351.93 keV, respectively. In a similar way, total activity of the 149 

anthropogenic radionuclides 241Am and 137Cs was determined by their gamma emission 150 

at 59.54 keV and 661.65 keV, respectively. Assuming secular equilibrium between 226Ra 151 

and its daughter nuclide 214Pb, the specific activity of 210Pbexcess is the difference between 152 

the activities of 210Pb and 214Pb. The equipment was adequately calibrated in energy and 153 

efficiency. Energy calibration is done together with an optimum spectrum analysis using 154 

the software Galea (Quintana and Fernández, 1998), developed for the optimization of 155 

gamma emission spectra from natural radionuclides. For the efficiency calibration, 156 

replicated samples were spiked with known radioactive standard solutions (Quintana et 157 

al., 2017). In total, 30 sources were analyzed for specific activities determined by gamma 158 

spectrometry. The counting times were increased according with the depth of the sample 159 

from 24 to 72 h, providing a measurement precision of 5% to 10% at the 95% level of 160 

confidence. Efficiencies obtained are 0.3073(90), 0.2544(92), and 0.1612(44) at 46.54 161 

keV (210Pb), 186.21 keV (226Ra) and 351.93 keV (214Pb) respectively. For the 162 

anthropogenic radionuclides the efficiencies obtained were 0.0710(19) for 137Cs and 163 

0.3221(68) for 241Am. 164 

2.1.3. Geochemistry profile 165 

For all the four cores, semi-quantitative analysis of the carbon composition has been done 166 

on dried sub-samples with a LECO CN system analyzer following the loss-on-ignition 167 

method (Schumacher, 2002). After a first determination of total carbon (TC), the aliquot 168 

is heated overnight under 350-440ºC in order to remove the organic fraction prior to a 169 

second analysis. The second determination represents the total inorganic carbon fraction 170 

(TIC). Total organic carbon (TOC) is the difference between TC and TIC. Measurements 171 

were calibrated with a standard sediment sample with CaCO3 before analysis. Accuracy 172 



 

and precision in carbon element content is 0.4% relative standard deviation and the limit 173 

of detection is 0.25%.  174 

For the dated core (BC77), - a geochemical characterization has been measured all along 175 

the core at a spatial resolution of 2 mm by means of a high-resolution XRF core scanner 176 

(ITRAXTM) (Frigola et al., 2015; Rothwell and Croudace, 2015). These measurements 177 

allowed semi-quantitative estimates, since the intensity of the XRF spectrum for each 178 

single element is proportional to its concentration (Richter et al., 2006). XRF data were 179 

measured using a Molybdenum (Mo) X-ray tube anode with a voltage of 30 kV, a current 180 

of 55mA and an exposure time of 20 s, and processed using the Q-Spec 8.6.0 software 181 

(Cox Analytical Systems, Sweden). The Mo-tube is more efficient in the detection of 182 

heavier (K, Ca, Ti, Fe, Sr) than lighter elements (Mg, Al, Si) (Rodríguez-Germade et al., 183 

2015). 184 

2.2 Age model 185 

The Constant Rate of Supply (CRS) model was selected for core dating (Krishnaswamy 186 

et al., 1971). Conceptual 210Pb models used to date undisturbed sediment cores can be 187 

derived from a single fundamental equation (Eq. 1) (Sanchez-Cabeza and Ruiz-188 

Fernández, 2012), 189 

𝐶(𝑖, 𝑡 = 0) =
𝑓(𝑖)

𝑟(𝑖)
           (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 1) 190 

that relates the concentration of 210Pbexcess in interval (i) at the time of formation 𝐶(𝑖, 𝑡 =191 

0) as the ratio between the 210Pbexcess flux to the sediment surface (𝑓(𝑖)) and the 192 

accumulation rate (𝑟(𝑖)). Once section (i) is formed, 210Pbexcess inventory (A) decays 193 

exponentially following the radioactive decay law (Eq. 2): 194 

𝐴𝑖 = 𝐴0 · 𝑒−𝜆𝑡(𝑖)            (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 2) 195 

The 210Pbexcess inventory measured in interval (i) (𝐴𝑖), can be related with the 210Pbexcess 196 

inventory at actual time “zero” (A0, i.e., the total inventory of the core) taking into account 197 

the time elapsed (𝑡(𝑖)) and the disintegration constant of 210Pb isotope 198 

(λ=0.03118±0.00017 yr-1). Following Eq.2 can be calculated the age of section (i) as (Eq. 199 

3): 200 

𝑡(𝑖) =
1

𝜆
ln (

𝐴0

𝐴(𝑖)
)           (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3) 201 



 

The fundamental assumption of the model is that the supply of 210Pbexcess flux from the 202 

atmosphere to the ocean and from the water column to the sediment surface are constant, 203 

while the sedimentation rate might vary (Appleby and Oldfield, 1983; Sanchez-Cabeza et 204 

al., 2000), and no redistribution processes occur in the sediment (Mabit et al., 2014). To 205 

take into account sediment compaction, the dating was performed as a function of mass 206 

depth (kg·m-2). A requirement for this model is that is mandatory to know the total 207 

inventory (A0) in order to date. If the total 210Pb profile does not reach the supported value 208 

at the bottom it will have an underestimated inventory and dating capabilities would be 209 

compromised.  210 

Once time between samples is known, mass accumulation rates (MAR, cm·yr-1) can be 211 

calculated simply as the ratio of the same intervals for depth (𝑧𝑖+1 − 𝑧𝑖) and time (𝑡𝑖 −212 

𝑡𝑖+1) (Eq. 4): 213 

𝑀𝐴𝑅𝑖 =
(𝑧𝑖+1 − 𝑧𝑖)

(𝑡𝑖 − 𝑡𝑖+1)
           (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 4) 214 

The total mass can be obtained with the slope of the log-linear relationship between 215 

210Pbexcess activity and mass depth at each interval, combined with the known decay in 216 

time of the 210Pb isotope. 217 

2.3 Carbon fluxes 218 

We determined the organic and inorganic carbon fluxes combining the representative 219 

carbon elemental composition profile for the central Irminger with the MAR obtained by 220 

210Pbexcess profiles from the dated core. For each layer (i), maximum carbon flux rates 221 

(Cf(i), mg-C·cm-2·yr-1) were calculated (Eq. 5) as the product of MAR derived from the 222 

dating model (cm·yr-1), the representative carbon concentrations (Cc, mg·g-1) and the dry 223 

bulk density (ρ, g·cm-3) of the dated core. The dry bulk density is estimated for each layer 224 

as the ratio between the dry mass of the layer (weight) and its known volume.  225 

𝐶𝑓(𝑖) = 𝐶𝑐(𝑖) ∗ 𝑀𝐴𝑅(𝑖) ∗ 𝜌(𝑖)           (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 5) 226 

Table 1. Specific activities for the radionuclides 210Pb, 214Pb, 226Ra and for the 210Pbexcess term, along with 227 

age and sedimentation rate obtained for each depth.  228 

Depth 
(cm) 

210Pb 
(Bq·kg-1) 

214Pb 
(Bq·kg-1) 

226Ra 
(Bq·kg-1) 

210Pbexcess 
(Bq·kg-1) 

Age 
(CE) 

Sedimentation 
rate (mm yr-1) 

Organic 
carbon flux 
(g-Corg·m-

2·yr-1) 

Inorganic 
carbon flux 
(g-Cinorg·m-

2·yr-1) 

1 188.7±6.3 26.61±0.85 27±18 162.1±6.3 2010.0±1.0 0.76±0.12 3.65±0.77 21.7±6.9 

1.5 160.8±5.6 27.87±0.93 24.8±8.5 133.0±5.7 2005.6±1.1 0.73±0.14 5.6±1.7 28.0±9.3 



 

2 200.5±6.8 27.51±0.94 35.5±6.6 173.0±6.8 1998.8±1.4 0.89±0.11 7.8±2.8 34±10 

2.5 148.9±5.2 25.23±0.9 28.8±3.2 123.6±5.3 1993.2±1.6 1.23±0.13 8.8±2.2 45±13 

3 92.2±3.5 29.41±0.97 30.4±9.0 62.8±3.6 1989.1±1.8 1.43±0.13 10.4±1.5 65±19 

3.5 85.1±3.1 29.38±0.94 27±18 55.7±3.3 1985.6±2.0 1.10±0.10 6.81±0.93 42±12 

4 93.7±3.5 27.13±0.93 26±10 66.6±3.6 1981.1±2.3 1.27±0.11 7.42±0.94 45±13 

4.5 76.4±2.9 30.56±0.97 31.3±3.9 45.8±3.1 1977.2±2.6 0.99±0.09 6.48±0.75 39±12 

5 76.6±3.1 29.90±0.99 33±12 46.7±3.3 1972.1±3.0 1.51±0.14 10.9±1.2 65±22 

5.5 60.3±2.2 32.2±1.0 33±18 28.1±2.4 1968.8±3.3 1.44±0.14 9.4±1.0 59±21 

6 56.7±2.1 31.91±0.94 30±15 24.8±2.3 1965.3±3.7 1.17±0.12 7.70±0.83 50±20 

6.5 57.4±2.1 31.98±0.99 33.1±8.1 25.4±2.4 1961±4.2 1.62±0.17 10.9±1.5 73±25 

7 49.6±1.8 32.36±0.99 34.8±6.2 17.3±2.1 1957.9±4.7 2.59±0.29 15.9±2.9 109±31 

7.5 41.4±1.6 32.25±0.97 32.1±2.6 9.1±1.9 1956±5.0 2.03±0.23 12.1±2.2 91±27 

8 43.3±1.7 32.72±0.97 38.0±3.3 10.6±2.0 1953.5±5.4 1.15±0.14 6.2±1.2 51±16 

8.5 50.5±1.8 33.07±0.97 37±11 17.4±2.1 1949.2±6.2 1.02±0.13 5.9±1.0 44±16 

9 47.0±1.7 30.93±0.91 36.5±3.9 16.0±1.9 1944.3±7.2 1.63±0.22 11.2±1.8 76±30 

9.5 42.6±1.6 33.8±1.0 32±14 8.8±1.9 1941.2±8.0 3.19±0.47 25.0±4.5 141±50 

10 37.0±1.5 32.99±0.99 34±11 4.1±1.8 1939.6±8.4 3.27±0.50 28.9±5.6 138±43 

11 37.0±1.4 33.39±0.94 39.8±6.6 3.7±1.7 1936.6±9.3 2.35±0.38 16.1±3.2 95±46 

12 38.1±1.4 33.52±0.96 36.0±6.2 4.6±1.7 1932±11 4.37±0.76 35.3±7.1 186±100 

13 36.0±1.4 33.98±0.97 34.9±6.3 2.0±1.7 1930±12 1.03±0.19 10.4±2.1 48±24 

14 33.5±1.3 26.35±0.77 27.5±9.9 7.2±1.5 1920±16 1.88±0.40 18.5±4.5 71±26 

15 35.2±1.5 32.13±0.95 31.6±7.6 3.1±1.7 1915±19 0.95±0.24 6.6±1.7 35±18 

16 34.9±1.4 30.11±0.90 29.0±8.4 4.8±1.7 1905±27 1.42±0.44 11.1±3.7 48±22 

17 32.7±1.5 30.42±0.92 32±11 2.3±1.7 1897±34 0.49±0.18 4.2±1.6 15.7±9.5 

18 34.8±1.5 29.91±0.90 28±12 4.8±1.7 1877±66 0.81±0.44 5.9±3.4 21±13 

19 30.8±1.4 29.00±0.92 26±12 1.8±1.7 1865±98 0.50±0.40 3.2±2.6 9.3±8.1 

20 31.9±1.5 30.15±0.90 28±10 1.8±1.7 1845±184 1.0±1.3 6.8±8.9 26±36 

 229 

3 Results 230 

3.1 Grain-size characterization 231 

Particle size analysis identified the percentage of clay, silt and sand at centimetric 232 

resolution in each of the cores (Fig. 2a). The dated core (BC77, 59º 29.46’ N, 37º 41.15’ 233 

W, 3118 m water depth, 20 cm, red triangle in Fig.1a) consists of ochre calcareous oozes 234 

(sandy silt texture, Fig. 1c). Despite looking quite homogenous visually (Fig. 1b), a 235 

detailed description and grain-size analysis (Figure 2a) distinguish three intervals. Bottom 236 

interval (20-14 cm) is the siltiest interval (61-68%). Sand fraction, mainly very fine and 237 

fine sand, represents less than 25% and the mean grain-size is around 16-18 µm. 238 



 

Percentage of silt (56-63%) slightly decreases in the middle interval (14-6 cm), where the 239 

amount of sand increases upwards from 22% at the base up to 31% at the top. Mean 240 

grain size oscillates due to bioturbation observed in this interval. The youngest interval is 241 

coarser (mean grain-size is 24-28 µm) due to higher abundance of fine and very fine sand 242 

fractions (34-38% of sand). Most of the grains of sand correspond to foraminiferal tests.  243 

As a whole, the dated core shows a clear coarsening upwards trend, caused by the 244 

progressively increase of fine sand and the decreasing percentages of very coarse silt. 245 

All the cores of the central Irminger show similar grain-size composition (Fig. 1c), 246 

distribution and trends (Fig.2a) to the dated core, an evidence that supports that mass 247 

accumulation rates are not significantly different among the studied cores. An exhaustive 248 

description of the grain size parameters for the other three cores is out of the scope of 249 

the current work. 250 



 

 

Figure 2. For the four cores of the central Irminger Basin, a) vertical distributions (cm) 

of the grain-size fractions clay(black), silt (increasing size from dark blue to yellowish) 

and sand (from pale white to red) with respect to the mass contribution (%). Black line 

separates the fractions very coarse silt and very fine sand. b) vertical distributions (cm) 



 

of total inorganic carbon (TIC, brown) and total organic carbon (TOC, green) with 

respect to the mass contribution (%).  

 251 

3.2 Core dating 252 

All sediment radionuclide concentrations for the dated core are given in Bq·kg-1 dry weight 253 

(Table 1). Minimum detectable activities (MDA) depend on radionuclide gamma energy, 254 

count time and sample mass, but were typically below 0.60 Bq·kg-1 for 210Pb, 0.56 Bq·kg-255 

1 for 214Pb and 2.26 Bq·kg-1 for 226Ra.  256 

The vertical distributions of 210Pb, 214Pb and 226Ra specific activities and its uncertainties 257 

for the dated core are given in Fig. 3a. The specific activities for radionuclide 210Pb are 258 

detected along the whole dated core, with maxima at surface and a clearly diminishing 259 

exponential profile towards deeper sediments. Total 210Pb specific activities range from 260 

30.8(1.4) Bq·kg-1 to 200.5(6.8) Bq·kg-1. Total 226Ra specific activities range from 24.8(8.5) 261 

Bq·kg-1 to 39.8(6.6) Bq·kg-1. The 214Pb specific activity is relatively constant around 30 262 

Bq·kg-1, ranging between 25.23(0.90) Bq·kg-1 to 33.98(0.97) Bq·kg-1. The fact that specific 263 

activity of 214Pb have smaller uncertainties than 226Ra, less than 1 Bq·kg-1 usually, 264 

suggests that 226Ra activities are derived from 214Pb. Furthermore, the relative vertical 265 

distribution of 214Pb and 226Ra (Fig. 3a) supports the assumption of secular equilibrium 266 

between them, so the excess of 210Pb (210Pbexcess) can be obtained as the difference of 267 

the total 210Pb with respect to 214Pb. The 210Pbexcess fraction is observed in the first 10 cm 268 

of the dated core. 210Pbexcess specific activity decays following an exponential profile 269 

towards the bottom, and it shows a maximum at subsurface (2 cm, 173.0(6.8) Bq·kg-1). 270 

The core was deep enough to reach the supported value before the bottom, so the 271 

complete total 210Pbexcess inventory was determined at 5.13(0.098) kBq·m-2, what 272 

supposes a corresponding flux of 29.9(0.5) Bq·m-2·yr-1. In mass, the total flux is 1192(519) 273 

g·m-2·yr-1. 274 

 275 



 

 

Figure 3. For the dated core, a) vertical distributions (cm) of specific 

activities (Bq·kg-1) and its uncertainties for the radionuclides: 210Pb (black), 

214Pb (blue) and 226Ra (red). b) Time evolution of specific activities (Bq·kg-

1) for the anthropogenic radionuclides 137Cs (green) and 241Am (black). 

The length of the vertical (horizontal) line correspond to the uncertainty in 

the specific activity (age). And c), time evolution of sedimentation rate 

obtained with the CRS model. The length of the vertical (horizontal) line 

correspond to the uncertainty in the sedimentation rate (age). Depicted in 

blue is the mean value for the sedimentation rate along with its uncertainty: 

1.28±0.18 mm·yr-1. In b) and c) the dashed red line represent the onset of 

the Anthropocene at 1950 CE along with the uncertainty in our dating at 

that time (±6 yr). 

 276 

Dates and sedimentation rates with its correspondent uncertainties have been obtained 277 

for each layer in the dated core by applying the CRS model (Table 1). As we move 278 

backward in time the uncertainties in age and sedimentation rate become larger. This is 279 



 

a common feature in all dating models based in short-lived radionuclides with propagation 280 

errors; and is the reason why the difference in years between the top of the core (time 281 

zero, summer 2016) and the last centimeter dated (179±190 years) shows such a large 282 

error while the error in the first hundred years dated is only ±15 years (Table 1). Taking 283 

into account the half-life of the 210Pb radionuclide (22.23 yr), the maximum period of time 284 

datable using this technique with relative confidence is 100-150 years (Mabit et al., 2014). 285 

In our core, that temporal range comprehends the first 15 cm, with an estimated date of 286 

1885±43. From now on, the results and discussion related with age and sedimentation 287 

rate will be limited to that temporal range. 288 

The activities found for artificial radionuclides 137Cs and 241Am show maximum values at 289 

present times (Fig 3b). The maximum specific activity detected for 137Cs is 2.014(0.144) 290 

Bq·kg-1 and 1.184(0.124) for 241Am. The first presence of 241Am is near 1950 and 137Cs is 291 

detected until the depth corresponding with the year 1920. 292 

Analyzing the chronological framework, the mean weighted sedimentation rate is as high 293 

as 1.28±0.18 mm·yr-1. The time-evolution of sedimentation rates (Fig. 3c) shows that at 294 

the end of the XIXth century, the sedimentation rates were similar to those from the most 295 

recent period, with values between 1-2 mm·yr-1. Then, at the at the end of the first half of 296 

the XXth century there was an important increase in the sedimentation rate (4.37±0.76 297 

mm·yr-1, more than three-fold the mean value). After that short-lived maximum event, 298 

from ~1960 CE to now the sedimentation rate shows a slightly decreasing trend.  299 

 300 

3.3 Geochemical evolution 301 

Carbon elemental composition for each core was obtained at centimetric resolution. For 302 

all the cores, the vertical distributions of TIC and TOC until the maximum depth in the 303 

dated core (20 cm) are shown in Fig.2b. Same as with the grain-size distribution, a 304 

quantitative and qualitative comparison between the profiles shows close similarity 305 

among them. The present study is aimed to determine current carbon fluxes in a relatively 306 

wide area rather than giving a punctual local estimate. Then, supported by the similarities 307 

showed for these pelagic cores we have assumed that the cores of the central Irminger 308 

Basin share the same age at the same depths, allowing the integration of a representative 309 

carbon elemental composition profile. The utilization of a representative carbon profile 310 



 

smooths two disadvantageous characteristics inherent to the experimental design: the 311 

sediment patchiness due the sampling procedure and the uncertainty derived from the 312 

semi-quantitative analysis of carbon composition. The representative carbon content 313 

profile for the central Irminger is calculated as the mean composition at the same depths 314 

for all the cores, with the uncertainties calculated as the standard error of the mean. Time 315 

evolution representative carbon profiles of TC and its components TOC and TIC for the 316 

central Irminger are in Fig. 4a-b. The content of TC ranged between 2±0.3% to 5.8±0.1% 317 

with an increasing trend towards younger sediments (p-value <0.001). The last 60 yr 318 

records higher values in TC that previous decades. Around 90% of the carbon present is 319 

TIC. TOC content is pretty constant, ranging between 0.55-0.93%, with the highest value 320 

in sub-surface. The TOC burial efficiency, or the percentage of deposited Corg preserved 321 

in the sediments, can be estimated with the concentration at the top of the core and the 322 

constant concentration at depth where it has undergone some diagenesis (Masqué et al., 323 

2002). For the central Irminger Basin, the Corg burial efficiency was about ~70%.  324 

X-ray fluorescence (XRF) measurements data for the biogenic proxy Ca and the 325 

terrigenous proxy Fe in the dated core are represented normalized by Ti (Fig. 4c-d). Ca/Ti 326 

profile, as it occurs with previous proxies, shows a clearly increasing trend with recent 327 

time, with an enhanced biogenic fraction during the latest 50 years. The increasing trend 328 

is statistically significant (p<0.001) for the complete core and also for the Anthropocene. 329 

The Fe/Ti profile shows short-time and low amplitude variability around a constant mean 330 

value, without any visible or statistically significant trend. The time evolution of the 331 

terrigenous elements K and Ti, and the marker for biogenic origin Sr, are represented in 332 

Figure 5. Since the onset of the Anthropocene, there is not statistical difference in the 333 

terrigenous content with time, while it is significant (p<0.001) for the biogenic proxy Sr. 334 

 335 

 336 



 

 337 

 

Figure 4. Time evolution of quantitative a) total (TC, black) and 

inorganic carbon (TIC, red) elemental composition and b) total 

organic carbon for the representative carbon profile of the central 

Irminger Basin. In both graphs, depicted in thin line at the same 

colors are the profiles for all the cores considered. Time evolution 

of semiquantitative elemental composition for c) the ratio Ca/Ti; 

and d) the ratio Fe/Ti for the dated core. Dashed red line 

represents the onset of the Anthropocene at 1950 CE along with 

the uncertainty in our dating at that time (±6 yr). The secondary y-

axis at the left represent the depth of the core (cm). 



 

 338 
Figure 5. Time evolution of semi-quantitative elemental composition 339 

in the dated core for terrigenous elements a) K; b) Ti, and the 340 

marker for biogenic origin c) Sr. Dashed red line represents the limit 341 

of the Anthropocene, considered in the text at 1950 CE along with 342 

the uncertainty in our dating at that time (±6 yr). The secondary y-343 

axis at the left represent the depth of the core (cm).  344 

 345 

3.4 Carbon fluxes 346 

Following Eq.5, fluxes can be estimated for each element and each layer. The most 347 

determinant factor in the time evolution profile of mass flux is the mass accumulation rate 348 

(MAR): periods with greater MAR have higher fluxes. Taking into account that the aim of 349 

the study was to quantify recent sedimentary carbon fluxes, the results and discussion 350 

related with fluxes are limited to the temporal range from 1950 to the present, i. e., since 351 

the onset of the Anthropocene (Waters et al., 2016; Williams et al., 2016). During the 352 

Anthropocene, mean weighted flux to the sediment of inorganic and organic carbon in the 353 

central Irminger Basin are 4.6±1.5 mg-Cinorg·cm-2·yr-1 and 0.8±0.1 mg-Corg·cm-2·yr-1 354 

respectively. With an extension for the area deeper than 3000 m in the Irminger Basin of 355 

1.6 x 104 km2 (ETOPO2 bathymetry), annual fluxes are 0.74±0.2 Tg-Cinorg·yr-1, 0.13±0.02 356 



 

Tg-Corg·yr-1, and 0.87±0.2 Tg-CT·yr-1. The Irminger Basin has a mean depth close to 2000 357 

m (ETOPO2 bathymetry). Taking into account that the downward flux attenuation is 358 

dependent of depth (Martin et al., 1987), we will expect that annual fluxes at basin-scale 359 

in the whole Irminger Basin will be higher.  360 

4 Discussion 361 

We are aware that the assumption of a shared geochronology for the cores of the central 362 

Irminger Basin deserves a tight justification. While there are numerous studies based on 363 

single proxy-based records of deep-sea sediment cores (Miettinen et al., 2011; 364 

Boessenkool et al; 2007; Hall et al, 2010, Mjell et al., 2016; Moffa-Sanchez et al., 2014), 365 

the results from a unique core might not be representative enough to infer Anthropocene 366 

carbon fluxes at basin-scale. However, we will argue how the integration of a 367 

representative carbon content profile makes sense. As noted before, there were several 368 

premises that were fulfilled in order to make the integration. Firstly, all the cores share the 369 

same sedimentary context (pelagic sediments, >3000 m depth). Secondly, the grain-size 370 

characterization (Fig.2a) and the carbon content profiles (Fig.2b) show similar vertical 371 

distributions and trends between the independently sampled study sites. These facts are 372 

encouraging, despite the uncertainties, that the same chronology can be applied to the 373 

nearby cores of the central Irminger Basin. The acceptance of this assumption reinforces 374 

the main aim of the study: it allows to infer more realistic magnitudes of carbon buried in 375 

this wide area during the Anthropocene because the differences of ages between these 376 

nearby cores, if existent, are buffered. 377 

With regard to the geochronology, 210Pbexcess specific activity profile (Fig. 2a) follows the 378 

radioactive decay law and does not show a perfect exponential signal, supporting the 379 

utilization of CRS model. The nonexistence of a homogenous layer of 210Pbexcess activity 380 

suggests that in the dated core, no significant sediment mixing occurs (Oberle et al., 381 

2016). These results show that a high efficiency and very low background gamma-ray 382 

spectrometry system (Quintana et al., 2017) is accurate and sensitive enough for dating 383 

high-resolution deep-sea pelagic sediments. 384 

Some studies have reported 210Pbexcess specific activities in surface sediments of deep 385 

water zones close to the central Irminger Basin. Boessenkool et al., (2007) measured 386 

surface concentrations of 210Pbexcess of 290 Bq·kg-1 by gamma spectrometry in sediments 387 



 

from the eastern flank of the Reykjanes Ridge collected at 2630 m water depth (black 388 

triangle in Fig. 1a). At a similar depth in the same location, Jonkers et al., (2010) reported 389 

activities from sediment and particles intercepted as high as ~1000 Bq·kg-1 and 1500 390 

Bq·kg-1 respectively. The superficial activity for 210Pbexcess at the south of Greenland (3500 391 

m water depth, white triangle in Fig. 1a) is around 360 Bq·kg-1 (Moffa-Sánchez et al., 392 

2014). The range of values is quite large, with our data at the lower end. Some of these 393 

measures were done with gamma-spectrometry (Boessenkool et al., 2007; Moffa-394 

Sánchez et al., 2014, the data showed here), while others were acquired with alpha-395 

spectrometry (Jonkers et al., 2010b). The 210Pbexcess activities derived by alpha or gamma 396 

methods can be compared with confidence (Zaborska et al., 2007), so the measurement 397 

technique does not explain the differences observed between the superficial activities. 398 

The 210Pbexcess activities at the sediment interface tend to increase with water depth due 399 

continuous scavenging by settling particles, however the depth distribution of the samples 400 

in our zone does not explain the differences. The more likely reason is that 210Pbexcess 401 

activities in surface are closely related with superficial grain-size and TOC concentrations. 402 

In fact, the existence of a sub-superficial maximum of 210Pbexcess located at 2 cm depth in 403 

the dated core (Fig. 3a) is in agreement with the TOC profile (Fig. 4b). A magnitude more 404 

interesting to compare than the superficial activity of 210Pbexcess is the flux to the sediment 405 

surface (Bq·m-2·yr-1). This flux should be similar between cores and atmospheric fluxes 406 

in the same region (Masqué et al., 2002). Unfortunately, this magnitude is given only once 407 

for near sediments and with a value as high as 661 Bq·m-2·yr-1 (Jonkers et al., 2010b). 408 

Our flux estimate (29.9 Bq·m-2·yr-1) is notably minor, but it is in consonance with the 409 

atmospheric fallout values for sites remote from major land masses (30-40 Bq·m-2·yr-1) 410 

(Appleby, 1998) and for the fluxes in the northeast Atlantic (50 Bq·m-2·yr-1) (Cochran, 411 

1990; Thomson et al., 1993).  412 

Artificial radionuclides 137Cs and 241Am are detectable in the environment after 1952 413 

(Povinec et al., 2003). Since the decline of nuclear-bomb testing, nuclear accidents 414 

(Chernobyl 1986, Fukushima 2011) and intentional discharges from nuclear treatment 415 

plants (Sellafield, UK; Cape de la Hague, France) are the events of maximum inputs to 416 

the environment (Buesseler et al., 2011; Povinec et al., 2003). The detection of these 417 

radionuclides in deep-sea sediments is strongly dependent of a high-resolution 418 



 

measurement, because their concentration levels are close to counter detection limits 419 

(Harden et al., 1992). In fact, the activities reported for 137Cs and 241Am in the central 420 

Irminger Basin are among the lowest ones known in the literature. Furthermore, 137Cs 421 

have post-depositional diagenetic mobility, limiting the resolution of specific dates 422 

(Sholkovitz and Mann, 1984). A downward migration process is proposed here as the 423 

cause for the detection of 137Cs at 1920 and the non existence of sub-superficial peaks 424 

(Fig. 3b). The appearance of anthropogenic radionuclides in recent sediments is the result 425 

of the combination of fallout plus the incorporation from surrounding bottom waters. For 426 

this reason, the capabilities of a quantitative approach that shows clear correspondences 427 

between maximum peaks and CE dates are compromised. Nevertheless, here we show 428 

that the age model can be validated with anthropogenic radionuclides under 429 

presence/absence criteria because they appear approximately since the onset of the 430 

Anthropocene.  431 

According with the CRS model, the MAR are relatively high in pelagic deep-sea 432 

environments. This implies that there is a sufficient supply of suspended particles that are 433 

scavenging 210Pbexcess from the water column to be later deposited as fine-grained 434 

sediments at the bottom. The value found in the central Irminger Basin for sediment 435 

accumulation rate (1.28±0.18 mm·yr-1.) is greater than the estimate given at the south tip 436 

of Greenland in the Labrador Sea (white triangle in Fig. 1a) (~0.4 mm·yr-1) (Moffa-437 

Sánchez et al., 2014). The minor magnitude for the Moffa-Sánchez et al., (2014) core can 438 

be related with its deeper situation, near 3500 m water depth. Rates of sedimentation in 439 

the eastern flank of the Reykjanes Ridge (black triangle in Fig. 1a) estimated with the 440 

210Pb dating, are around ~2 mm·yr-1 (Boessenkool et al., 2007; Jonkers et al., 2010b). 441 

This higher magnitude is expected, since they are located in the Gardar Drift, a contourite 442 

deposit well-known by its high MAR (Bianchi and McCave, 2000). 443 

One of the studies in the Gardar Drift gives the comparative between the accumulation 444 

flux determined with the 210Pb sediment dating and the flux intercepted with sediment 445 

traps (Jonkers et al., 2010b). Despite the uncertainties associated with its use (Buesseler 446 

et al., 2006), deep tethered sediment traps are a usual way to estimate the magnitude of 447 

the sedimentation flux into the deep ocean. Jonkers et al., (2010) gives values of 363 448 

g·m-2·yr-1 and 600 g·m-2·yr-1 for the fluxes with sediment traps and from the sediment 449 



 

respectively. They are quite different, but in the same order of magnitude. Sediment 450 

focusing for high turbidity between the bottom and the depth of sediment trap (4 m above 451 

bottom), was suggested as a reason (Jonkers et al., 2010b). 452 

Currently, in the Irminger Basin there is only one location with publicly available sediment 453 

trap data (Torres-Valdés et al., 2014). The mean total mass flux reported for all the 454 

episodic periods between 2003-2007 is 11.6 g·m-2·yr-1 (Jonkers et al., 2010a), quite far 455 

from our estimate of 1192 g·m-2·yr-1, and clearly not in the same order of magnitude. Even 456 

the largest episode of export, like the one occurred between May-June 2007 with almost 457 

38 g·m-2·yr-1 (Jonkers et al., 2010a), is still short. In fact, this value is close to the flux 458 

reported here for TC (54 g·m-2·yr-1), without having into account the lithogenic mass flux. 459 

The distance between the bottom and the sediment trap in Jonkers et al. (2010b) was 460 

~250 meters, so deposition from nepheloid bottom layers can not be disregard as one of 461 

the causes of such discrepancies. Unfortunately, we have no info about turbidity, and 462 

moreover, it is a large difference, so more factors are needed to explain it.  463 

Comparison with older times, the input of terrigenous elements decreased at the onset of 464 

the Anthropocene and is constant since in terms of composition, origin and transport 465 

agent, presumably aeolian deposition (Fig. 4d, Fig.5a-b). In contrast, the time-evolution 466 

of elemental composition shows that the biogenic component of the total mass flux (Fig. 467 

4a-c, Fig. 5c) has increased since the XXth century. Despite relatively lower sedimentation 468 

rates during the last 25 years than during previous decades (Fig. 3c), it is very likely that 469 

biogenic inputs have increased in the most recent times. We suggest two processes to 470 

explain it: an increase in biological productivity that consequently increase the biogenic 471 

inputs at the bottom; or a decrease in the terrigenous input of material while the biogenic 472 

input remains unperturbed. The increase in productivity in recent times is supported by 473 

the biogenic proxies Ca and Sr. The minor input of terrigenous material since the onset 474 

of the Anthropocene is supported by the K and Ti profiles. Very likely, a combination of 475 

both processes is the reason why biogenic inputs have gained strength in recent times. 476 

The increase in biogenic input is significant for both carbon fractions but more apparent 477 

in TIC than in TOC due its greater concentrations. These short time-scale changes 478 

observed in the sediment are probably related with atmospheric forcing and/or changes 479 



 

in the speed of the bottom overflow, as previously suggested (Boessenkool et al., 2007; 480 

Hall et al., 2010; Mjell et al., 2016). 481 

The high burial efficiency for Corg detected in the central Irminger Basin is in agreement 482 

with the high MAR (Katsev & Crowe, 2015), and discards the influence of significant post-483 

depositional diagenesis processes.  484 

Combining the mass flux estimated by the 210Pb dated profile with the results of the 485 

quantitative high-resolution carbon elemental composition representative of the central 486 

Irminger Basin, mean Corg flux during the Anthropocene is 7±1 g-Corg·m-2·yr-1. According 487 

to a global synthesis of modelled carbon fluxes to the open ocean, the flux of Corg at 2000 488 

m in the Irminger Basin is between 0.5-1 mol-Corg·m-2·yr-1 (Honjo et al., 2008), i.e., around 489 

6-12 g-Corg·m-2·yr-1. From 2000 m to the bottom, remineralization processes will continue 490 

to diminish the organic carbon fraction in downward particles (Antia et al., 2001), so our 491 

fluxes of Corg coincide quite well with the lower-end of the range of Honjo et al. (2008). 492 

The flux of Cinorg modelled in the Irminger in Honjo et al. (2008) is between 0.1-0.2 mol 493 

Cinorg·m-2·yr-1, five times smaller than the Corg fluxes. Despite that local peculiarity, they 494 

concluded that at large scale the molar ratio of Corg/Cinorg is close to one. Here, given the 495 

increasing prevalence of carbonates along the cores (Fig. 4c), the assumption that all the 496 

flux of Cinorg is because of carbonates is feasible, so the molar ratio of Corg/Cinorg since the 497 

Anthropocene is 0.17. The molar ratio of Corg/Cinorg in particle flux for a time series 498 

sediment trap in the deep northeast Atlantic is 1.4 (Lampitt et al., 2010). That same value 499 

is found when the subpolar North Atlantic in a pan-Atlantic data compilation is analyzed 500 

(Torres Valdés et al., 2014). The reasons for such a low ratio can be multiple: important 501 

local variability in export production, the longer timescale integrated under our approach 502 

(multidecadal timescale), or the high TIC content in the measured cores due biogenic 503 

carbonate sedimentation (Fig. 4c) among others. Our Corg/Cinorg ratios were obtained 504 

under a different approach that Honjo et al. (2008) or Lampitt et al. (2010), but the results 505 

suggest that an important biogeochemical process alters significantly the ratios preserved 506 

at the sediment. The closest layer of water near-seafloor, the benthic nepheloid layer 507 

(BNL), is characterized by an enhanced biological activity (Townsend et al., 1992). The 508 

thickness of the BNL in the central Irminger Basin is around 50 m (Gardner et al., 2018). 509 

Neither with sediment traps located outside the BNL or with surface sediments analysis 510 



 

would be detected a hypothetical transformation of organic into inorganic carbon 511 

mediated by the heterotrophic community of that layer. This biogeochemical process 512 

would affect the carbon fraction distributions, and it would represent an underestimation 513 

(overestimation) in the organic (inorganic) carbon fraction that is incorporated in the 514 

sediment. Therefore, organic carbon cycling in the uppermost centimeters of the seafloor 515 

can be the reason why the Corg/Cinorg molar ratio of settlement equal to one is displaced 516 

to molar ratios ~1:6 in the final configuration of the sediment.  517 

 5 Conclusions 518 

The chronological framework based in 210Pb dating reveals that in the central and deepest 519 

areas of Irminger Basin, the Anthropocene represents the firsts 8 cm of sediment and the 520 

average sedimentation rate is 1.28±0.18 mm·yr-1, quite high for a deep-sea basin.  521 

Inter-annual variability in the sedimentation rate and in the terrigenous and biogenic 522 

proxies suggests short time-scale changes of bottom currents and/or biological 523 

productivity at the central Irminger Basin during the Anthropocene. The latest 50 years 524 

show an enhanced biological productivity along with a decrease in the aeolian input of 525 

terrigenous material.  526 

With the geochemical characterization of the deepest area of the basin (> 3000 m), we 527 

conclude that since the onset of the Anthropocene 46±15 g-Cinorg·m-2·yr-1 and 8±1 g-528 

Corg·m-2·yr-1 have been buried in the central Irminger Basin, generating a substantial 529 

carbon sink in the area of at least 1 Tg-C·yr-1. It is reasonable to think that shallower areas 530 

of the basin would contribute at least equal or, probably even more to the carbon 531 

sedimentation, so this outcome has to be accounted for in current ocean carbon models 532 

and budgets. It is too soon to infer any reliable trend in the flux of carbon since 1950, but 533 

the current status of knowledge would act as a baseline in future evaluations of carbon 534 

cycle in deep marine sediments of the North Atlantic. 535 
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