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ConclusionsConclusions  

* We can distinguish three different periods during 1995/1996: First the low productivity, low fluxes and ice-

covered winter months (second half of November - March; Winter phase), second the higher flux period with 

ice-melting and ice-free conditions and high biogenic matter flux (April to August; Biogenic phase), and third 

the highest flux period with ice-free conditions and highest lithogenic matter flux (September to end of Octo-

ber, Lithogenic phase).

* Based on the bio-/geochemical data determined on the sediment trap material, vertical export of lithogenic 

matter, carbonate, opal, POC, diatom-specific fatty acids, and terrignous sterols ranges between 3.9-11.3 g m-2 

y-1, 0.5-0.8 g m-2 y-1, 2.6-2.9 g m-2 y-1, 1-1.5 g m-2 y-1, 130-300 mg m-2 y-1, 23-78 mg m-2 y-1, respectively.

* Most of the autochthonous carbon is recycled in the upper 150 m (except for the diatom event July/August). 

* In 1550 m water depths we estimate a lateral input of 42% (based on terrigenous organic carbon) and 64% 

(based on lithogenic matter). In addition the sea-ice associated transport is of major relevance.

* The investigation area is under the influence of the strong outflow of the Lena River, exhibiting relatively high 

vertical terrestrial POC export in September/October.

For more details see Fahl and Nöthig (submitted to Deep-Sea Research, 2006)For more details see Fahl and Nöthig (submitted to Deep-Sea Research, 2006)
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Results and DiscussionResults and Discussion

Our data from the long-term sediment traps presenting the time interval from Septem-

ber 1995 to August 1996, reflect a seasonality in all measured and calculated parameters. 

We can distinguish three different periods during the year: First, a period characterized by 

low productivity, low fluxes and strong sea-ice cover (second half of November - March; 

Winter phase); second, a period characterized by ice-melting, ice-free conditions and high 

biogenic matter flux (April to August; Biogenic phase), and third, a period charcterized by 

ice-free conditions and highest lithogenic matter flux (September to end of October, Li-

thogenic phase). These characteristics are obvious in the shallow (150 m) and the deep 

(1550 m) trap, although flux values and particle composition are somewhat different in 

the two traps. The lithogenic phase will be discussed on this poster in more detail.

From September to the end of October the terrigenous character (see Figs. 2a and 3a) of 

the material transported downwards to the sea floor during these ice-free months is 

clearly pronounced. The biological production is only of minor importance during this 

time as also supported by the microscopical data which show mostly empty diatom 

valves in both water depths. This causes the relativly high opal fluxes (Fig. 2b) especially 

in 150 m water depth, where the cells without chloroplasts were dominated by Melosira 

arctica and with chloroplasts by Fragilariopsis oceanica (Zernova et al., 2000).

A remaining question, however, is where the trapped terrigenous material comes from. 

Focussing on 150 m water depth we assume that the terrigenous particulate organic ma-

terial derived from the Laptev Sea shelf (with the Lena River as a dominant source), trans-

ported with sea ice by the Transpolar Drift to the Lomonosov Ridge. In general, the sea 

ice is a relevant transport tool for the terrigenous organic carbon (e.g., Eicken, 2004). 

Foccussing on the ice-drift velocity we try to estimate the possibility whether the terrige-

nous material which is trapped in 150 m due to ice melting in September/October, can 

be related to the main Lena River outbreak in June (Fig.1). Different values for the ice ve-

locity were published but 0.1m/s seems to be a moderate estimate (Haas, pers. com). 

Using this velocity and  a distance to the Lomonosov Ridge of about 850 km, the sea-ice-

associated sediments would reach the investigation area in nearly three months. This is 

only a rough estimate but it seems to support that there is a correlation between the 

high terrigenous flux in the traps in September/October and the Lena River outbreak in 

June. We have to consider, however, that no fluvial-derived diatoms could be determined 

in the traps. This fact is supported by investigation from the Kara Sea where fluvial-

derived diatom cells in the southern part off the Yenisey were empty or destroyed when 

entering the saline water (Gaye et al., 2006).

In 1550 m water depth the source of the trapped material seems to be different. The 

order-of-magnitude higher total flux values (Figs. 2a, 3a) correlating with high lithogenic 

flux values and land-derived sterol fluxes, point to a strong influence of lateral transport 

at the deep trap. The most probable transport is related to the Atlantic and intermediate 

water layers which carry material from the Barents and Kara Seas along the Eurasian con-

tinental margin and recirculate northwards to the Amundsen Basin, passing the trap po-

sition (Rudels et al., 2000).

To estimate the relevance of the lateral transport we calculate the portion of the lateral transported lithogenic fraction and terri-

genous carbon. First we calculate the lateral proportion of flux based on the lithogenic flux data. This results in a lateral transport 

of lithogenic material of 64%. Second, using the primary production according to Boetius and Damm (1998) and the depth-

dependent degradation of marine organic carbon after Betzer et al. (1984), we calculate the terrigenous organic carbon proporti-

on in 150 m assuming that the lateral input in 150 m is of minor importance. In 1550 m water depth we calculated the terrigenous 

carbon flux under the assumption that there is no degradation of the terrigenous organic carbon. (According to Ittekott (1988), 

35% of the terrigenous organic carbon belongs to the labile (metabolizable) fraction and only 65% should be available for burial. 

However, the long distance of the transported material from the source (here the Laptev Sea shelf ) suggest that only the more 

stabile terrigenous fraction reaches the Lomonosov Ridge). This calculation gives a lateral transport of terrigenous organic carbon 

of 0.34 g m-2y-1 in 1550 m which is 42% of the terrigenous POC flux (0.81 g m-2y-1). The order-of magnitude correspondence with 

the lateral transported lithogenic matter supports our estimates. Considering all the assumptions used above, this seems to be a 

reasonable correspondence, and the number should give a reliable first-order estimate of lateral flux. Addionally, we show that 

Betzer et al. (1984)´s formula for calculation of carbon flux seems to work also for Arctic Ocean environments.

To show the complexity of the whole system we compared the trap data with results from near-surface sediments of Core 

PS2757-7 taken close to the location of the sediment trap (Stein et al., 2001; Stein et al., 2004). Based on the accumulation rates of 

total organic carbon (which includes the marine as well as the terrigenous proportion) (Stein et al., 2001) and the microscopical 

investigations of the organic carbon composition (maceral data show that 25% of the carbon is marine; Boucsein and Stein, 2000) 

only 0.4% of the primary produced carbon (18 g m-2y-1, Boetius and Damm, 1998) is buried. Focussing on the  terrigenous portion 

of organic carbon in the sediments (75% based on maceral data) we found increasing values from the upper water column (trap 

data) to the sediment. Based on the assumption that the labile terrigenous organic compounds already have been degraded near 

the source of the material, we speculate that there has to be a lateral transport of organic carbon away from the sediment surface 

which prevents the organic carbon to be buried. On the other hand the comparison between the accumulation rate of total sedi-

ment (48 g m-2y-1; Stein et al., 2004) with the sum of lithogenic and opal fluxes in 1550 m (14.2 g m-2y-1) shows that there must be 

up to 30 g m-2y-1 lateral input to the surface sediment. That means, there must be different transport mechanisms causing the ac-

cumulation of particulate organic carbon and lithogenic fraction between 1550 m and the sediments surface (1700 m).
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Background and IntroductionBackground and Introduction
 

Investigations of lithogenic and biogenic particle fluxes using long-term sediment traps are still very rare in the northern high latitudes and restricted to the arctic marginal seas (e.g., Beaufort Sea, Kara Sea) and sub-

arctic regions (e.g., Fram Strait, Greenland Sea and Bering Sea). Here, for the first time, data on the variability of fluxes of lithogenic matter, carbonate, opal, and organic carbon as well as biomarker composition from the 

central Arctic Ocean are presented for a one-year period. The study has been carried out on material obtained from a long-term mooring system equipped with two multi-sampling-traps (20 sampling cups; 150 and 

1550 m water depth, respectively) and deployed on the southern Lomonosov Ridge close to the Laptev Sea continental margin (81°04.1'N, 138°56.1'E) from September 1995 to August 1996. In addition, data from 

surface-sediments were included in the study to get more information about the flux and sedimentation of organic carbon in this area.

Both the shallow as well as the deep trap show significant differences in vertical flux values over the year. Higher values were found from mid-July to end of October (total flux of 75-130 mg m-2 d-1 in the shallow trap 

and 40-225 mg m-2 d-1 in the deep trap). During all other months, fluxes were fairly low in both traps (most total flux values <10 mg m-2 d-1). The interval of increased fluxes can be separated into (1) a mid-July/August 

maximum caused by increased primary production as documented in high abundances of marine biomarkers and a change in diatom abundances, and (2) a September/October (absolute) maximum caused by incre-

ased influence of Lena river discharge indicated by high portions of terrigenous/fluvial biomarkers in both traps. Here, total fluxes in the deep trap were significantly higher than in the shallow trap, suggesting a lateral 

sediment flux at greater depth.

Annual fluxes of lithogenic matter, carbonate, opal, and particulate organic carbon are 3.9 g m-2 y-1, 0.8 g m-2 y-1, 2.6 g m-2 y-1, 1.5 g m-2 y-1, respectively, at the shallow trap and 11.3 g m-2 y-1, 0.5 g m-2 y-1, 2.9 g m-2 y-1, 1.05 g 

m-2 y-1, respectively, at the deep trap.

ReferencesReferences

Betzer, P.R., Showers, W.J., Laws, E.A., Winn, C.D., Ditullo, G.R., Kroopnick, P.M., 1984. Primary productivity and particle fluxes on a transect of the equator at 153°W in the Pacific Ocean. Deep-Sea Research Part I 31, 1-11.

Boetius, A., Damm, E., 1998. Benthic oxygen uptake, hydrolytical potentials and microbial biomass at the Arctic continental slope. Deep-Sea Research Part I 45, 239-275.

Boucsein, B., Stein, R., 2000. Particulate organic matter in surface sediments of the Laptev Sea (Arctic Ocean): Application of maceral analysis as organic-carbon-source indicator. Marine Geolology 162, 573-586.

Eicken, H., 2004. The Role of Arctic Sea Ice in Transporting and Cycling Terrestrial Organic Matter. In: Stein, R., Macdonald, R.W. (Eds.), The Organic Carbon Cycle in the Arctic Ocean, Springer, Berlin, pp. 45-53.

Gaye, B., Fahl, K., Kodina, L.A., Lahajnar, N., Nagel, B., Unger, D., Gebhardt, A.C., 2006. Seasonal changes of particle matter flux in the southern central Kara Sea: bulk fluxes, amino acids, stable carbon and nitrogen isotops, sterols and fatty 

acids. Continental Shelf Research, submitted.

Ittekkot, V., 1988. Global trends in the nature of organic matter in river suspensions. Nature 332, 436-438.

Rudels, B., Muench, R.D., Gunn, J., Schauer, U., Friedrich, H.J., 2000. Evolution of the Arctic Ocean boundary current north of the Siberian shelves. Journal of Marine Systems 25, 77-99.

Stein, R., Boucsein, B., Fahl, K., Garcia de Oteyza, T., Knies, J., Niessen, F., 2001. Accumulation of particulate organic carbon at the Eurasian continental margin during late Quarternary times:  controlling mechanisms and paleoenvironmen-

tal signficance. Global and Planetary Change 31, 87-102.

Stein, R., Schubert, C., MacDonald, R.W., Fahl, K., Harvey, H.R., Weiel, D., 2004. The Central Arctic Ocean: Distribution, Sources, Variability and Burial of Organic Carbon. In: Stein, R, Macdonald, RW (Eds.), The Organic Carbon Cycle in the Arctic 

Ocean, Springer, Berlin, pp. 295-314.

Zernova, V.V., Nöthig, E.-M., Shevchenko, V.P., 2000. Vertical microalgae flux in the northern Laptev Sea.  Oceanology 40, 801-808.


