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Abstract 
Permafrost carbon stores have been suggested to react to warming trends with increased terrestrial 

loading to its coastal waters. Presently, the warming has been seen to be especially high in the East 

Siberian Arctic and the fate of the major release of terrestrial matter to these coasts is yet to be 

detailed.  

Our work is focused on the East Siberian Shelf (ESS) – which is the largest continental shelf in the 

world. It receives substantial inputs of terrestrial organic matter both from the large Russian rivers 

and from eroding coastlines. The largest of its rivers, the Lena, discharges in Buor-Khaya Bay, which 

is also a hot spot for coastal erosion.  

Previous studies of molecular and δ¹3C and Δ¹⁴C composition of terrestrial organic matter received by 

Arctic coastal waters have suggested a different propensity of different terrestrial source materials 

towards bacterial degradation. This detailed isotopic and molecular marker survey which is the basis 

for this thesis reveals clearly distinguished source patterns both between surface water (POC) and 

sea floor (SOC) as well as with distance away from the sources. The heavy terrestrial dominance over 

marine/planktonic sources are clearly detected in gradients of high POC and SOC levels, as well as 

depleted δ13C -OC and high HMW/LMW n-alkane ratios. Furthermore, data suggests that terr-OC 

was substantially older yet less degraded in the surface sediment than in the surface waters. This 

unusual vertical degradation trend was only recently found also for the coastal and central East 

Siberian Sea. It seems that the riverine terr-OC component comprising mainly annual thaw layer 

surface soil dominates the buoyant surface water POC and is readily degraded. This is in contrast to 

the coastline-erosion terr-OC which is associated with minerals and therefore ballasted to the 

sediments where it makes up the key OC component and seems relatively protected from 

degradation.  

The study area of this work is a region with strong terrestrial influence hosting many of the 

important carbon cycling processes, and data reveal two important OC contributors of different 

origin, mineral associated coastal erosion matter and riverine borne surface soil matter. These two 

components may well represent different propensities to contribute to a positive feedback to 

climate warming by converting OC from coastal and inland permafrost into CO₂. 
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Introduction 
Ancient permafrost carbon stores are possibly changing their role in the carbon cycle. Gruber et 

al. (2004) state that the vulnerability of the global carbon cycle is highly associated with the 

vulnerability of its pools and processes, and recognize that several of these carbon pools could 

potentially be released from their storage. The frozen terrestrial and subsea permafrost in the 

high Arctic – containing substantial amounts of organic material – is potentially one of them 

(Friedlingstein et al., 2006). 

 

The East Siberian Arctic Shelf (ESAS) has been identified to experience elevated temperatures 

compared to the rest of the globe (Briffa et al., 1995; Serreze et al., 2000; ACIA, 2004; IPCC, 

2007; Richter-Menge and Overland 2010). The long stored frozen soil organic C pool 

(Schirrmeister et al., 2002) is thought to be sensitive to warming and could potentially respond 

with emissions of GHG upon thawing (Dutta et al., 2006; Dorrepaal et al., 2009; Schuur et al., 

2008, 2009; Frey and McClelland, 2009). There has been several estimates of how large the 

frozen soil organic C stock is (Prentice et al., 2001; Zimov et al., 2006), and the most recent one 

(Tarnocai et al., 2009) estimates the reservoir to amount to almost 1500 Pg, which for the top 

meter is more than a doubling from the previous estimate.  

 

Due to logistical difficulties accessing ESAS it is not well studied, and the heterogeneity of the 

associated land area is vast, making up-scaling of important processes difficult. Uncertainties of 

the land-ocean-atmosphere processes need to be addressed in more detail. There are several 

processes taking part in relocalizing and processing the carbon released to the Arctic coastal 

waters (Fig.1), and in this work we have chosen a study site in SE Laptev Sea in the East Siberian 

Arctic (Fig.2) as an integrator of terrestrial organic matter because it hosts a strong signal from 

key carbon cycling processes. What is the fate of terrestrial carbon once entering the coastal 

water? Is it degraded in the water column or settled out to the sea floor? One scenario is export 

out of the system – either burial in bottom sediment, off-shelf export or release as green house 

gases. These differences give quite different results and are important to map out. 

 

The ESAS coastal water hosts several recent new views of carbon processes in the Arctic. 

Dissolved organic carbon (DOC) was thought to be a conservative carbon pool in the water 

column, but was found to be heavily decomposing throughout ESAS, with average removal rates 

at 0.3 yr-1 during mixing over the shelf seas (Alling et al., 2010). Sánchez-García et al. (2011) also 

showed that surface water particulate organic matter (POM) was highly degrading already in the 

water column of the Laptev Sea. There is also great interannual variability to many of these 

processes. Regimes of carbon input were for example mapped out for the SE Laptev by Charkin 

et al (2011), and found to be highly varying with sea ice cover and with river discharge amounts 

and therefore with season. The fate of the terrestrial OC hence depends much on its path after 

entering the coastal water, but also with the features associated to its origin. Very different 

behaviours and thus different paths and fates in the water have been shown in pools of 

terrestrial OC derived from different sources (Vonk et al., 2010a,b). This work continues to map 

out the details of these key processes in the Siberian Arctic coastal waters. 
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Figure1. Key carbon cycling processes in the Arctic coastal waters.
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Sources of released permafrost carbon 

Terrestrial organic carbon via rivers 
Rivers are important links between the land and ocean environments (Fig.1). A lot of the organic 

matter is released with surface soil and riverbank erosion and is processed already in the rivers 

(Richey et al., 2002; Neff et al., 2006; Bastviken et al., 2011) and deltas/estuaries (Keil et al., 

1997; Bianchi and Allison, 2009) – but large amounts are still delivered to the coastal areas. This 

terrestrial signal is very strong in the Arctic Ocean, which receives ~10% (Gordeev et al., 1996), 

of the terrestrial organic matter via fresh water of the world ocean, while only making up about 

1% of the World Ocean volume (Macdonald et al., 1998; Opsahl et al., 1990; Dittmar and 

Kattner, 2003). Large amounts of the terrestrial organic matter to the Siberian Arctic are 

received via riverine discharge (Stein and Macdonald, 2004). Our study is set in the coastal area 

offshore the largest river on the ESAS, the Lena River (Stein and Macdonald, 2004), which 

discharges in the Buor-Khaya Bay area, SE Laptev Sea (Fig. 2). 

Coastal erosion  
The coastlines in NE Siberia facing the oceanic waters are dominated by frozen fine-grained ice 

complex permafrost. Unlike peat and other mineral soils this frozen Pleistocene material 

archived over a million km2 (at a mean of 25 m depth) is very carbon rich (2-5%, Zimov et al., 

2006; Schirrmeister et al., 2002). These ice complexes are highly susceptible to warming-related 

changes. Thermal abrasion already causes ice complex withdrawal rates on average 5-7 times 

higher than eroding coastlines of other PF composition (Grigoriev, 2008). Lengthening of the ice-

free season causes exposure to the heavy storms in the autumn, which is why the Siberian 

coasts are foreseen to retreat at an amplified rate (Rachold et al., 2004), and give an increased 

POC export (Lalande et al., 2009). Current heating of surface water in the summer has been 

shown to post-pone autumn sea-ice formation with up to a month since the mid 20th century 

(Steele et al., 2008). Arctic coastal erosion is most prominent in the Laptev and East Siberian 

seas, where thermo-abrasive coasts comprise more than 5000 km, and rate of coastline retreat 

has been reported to be as high as 10-40 m/year (Semiletov, 2000). Coastal erosion of Ice 

complexes in ESAS is estimated, based on limited data, to export 4 Tg yearly to its coastal waters 

(Stein and Macdonald, 2004), which is a dominant portion of the terrestrial input to the ESAS 

exceeding riverine input (Rachold et al., 2000; Semiletov et al., 2011). There are also major 

erosion hot spots along these coasts, like the Muostakh Island, SE Laptev Sea, which experience 

very high erosion (Semiletov 1999a; Dudarev et al., 2003; Overduin et al., 2007), at a rate of 

~11 m annually (Grigoriev and Kunitsky, 2000). 

Abrasion of thawing subsea permafrost 
The ESAS coastal shelf plain was inundated with water during the Holocene, and can be 

anticipated to contain carbon amounting to similar quantities to its terrestrial equal (Soloviev et 

al., 1987, Tarnocai et al., 2009). These submerged permafrost carbon stocks are similar to the 

coastlines and riverbanks also under erosion forces, (water movement, temperature, currents) 

(Romanovskii et al., 2005). Much like its terrestrial kin this permafrost stock is potentially 

released with changing conditions. Warming of the Laptev and East Siberian Sea bottom layer 
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waters have been detailed by Dmitrenko et al. (2011), showing an increase of 0.9°C yr-1 between 

1984 and 2009 (2.1°C total). A great lag time (thousands of years) was proposed for significant 

changes to subsea permafrost degradation upon this warming of bottom water layers; but at the 

same time Dmitrenko et al. (2011) recognizes that gas hydrate stability depends highly on the 

permafrost table depth and acknowledges that a more direct response to the present changes 

could be seen. There are only a few assessments on subsea permafrost stability, and the extent 

to which they can be considered significant sources of GHG is still unclear. There are attempts to 

understand this however. Nicolsky and Shakhova (2010) suggest formation of taliks over 

paleoriver valleys and thaw lake remnants in the submerged shelf areas as a possible mechanism 

of the sub-sea permafrost degradation. Dudarev et al. (2008) relate water stratification to 

sediment temperatures in typical hydrodynamical scenarios. Stable stratification weakens 

vertical heat (and mass) flux to the subsea floor and surface sediment temperatures were shown 

to be lower than under poor overlying water column stratification. Higher sub-sea permafrost 

erosion was also confirmed where the sea floor was exposed to the Lena river water heat flux.  

Primary production 
The ESAS (photic zone) waters are generally low in primary production. The reasons are low 

nutrient status (Cauwet and Sidorov, 1996; Kattner et al., 1999) and high turbidity. Basins are 

less productive than shallow waters (Belicka et al., 2002), but both the character and levels of 

primary production vary heavily with seasons, due to the nature of the nutrient sources. Riverine 

and thus freshwater input (Fig. 1), ice thaw release of algae, rafted sediment, and ice covers are 

key processes to primary production that are highly shifting over the year (Gosselin et al., 1997; 

Stein and Macdonald, 2004; Yunker et al., 2005). In our study area—Buor-Khaya Bay (Fig. 2)—

production is highly dependent on the Lena River water carrying nutrients. This is distinct and 

observable directly outside the river water body where both plankton biomass and 

bioproduction levels drop a whole order of magnitude (Vetrov, 2004). For perspective, nutrient 

runoffs from the Arctic rivers are overall very low, (Cauwet and Sidorov, 1996; Lobbes et al., 

2000; Holmes et al., 2000, 2001; Dittmar and Kattner, 2003). The sum of the all the Arctic river 

discharges amounts to 20-40% of that of the Amazon, and is larger than the entire Mississippi 

River flux. Towards the east of the East Siberian Sea, Pacific water inflow carry nutrients that 

enhance primary production, but westwards of this zone the levels of marine production are 

much lower (Kosheleva and Yashin, 1999; Belicka et al., 2002; Semiletov et al., 2005). Primary 

production can be regarded a marginal source of carbon to the SE Laptev Sea compared to 

terrestrial input. 

Transport processes 
Lateral transport is quite apparent in the ESAS. The shallow shelves experience a lot of wind 

driven water movements. Intensive resuspension due to storm events can, for example, easily 

drive up to a three-fold increase in particulate matter concentration in the water column 

(Dudarev et al., 2008). A row of mechanisms can transport material from the shelf to deeper 

waters (Fig. 1), like storm-generated currents, high particle loads in the river plumes and ice 

export (Macdonald et al., 1998). Outside the Kolyma River, nepheloid layer transport has been 
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shown to spread coastal erosion material several hundreds of kilometers offshore (Vonk et al., 

2010). Nepheloid layer transport is likewise carrying material over the Buor-Khaya Bay, SE Laptev 

Sea (Charkin et al., 2011; Karlsson et al., 2011), and far eastwards into the ESS (Semiletov et al., 

2005, Alling et al., 2010). Yunker et al. (2005) confirm lateral water movement as a significant 

mechanism for relocalizing terrestrial lipids over the ESAS shelf. 

The water column of the ESAS experiences low vertical mixing (Weingartner et al., 1999) due to 

highly stable thermal stratifications; this is especially true in the winter. Then, the inner and 

outer shelf is decoupled in terms of transport and lateral exchange of material (Bauch et al., 

2009), (due to a warm layer of water beneath the Lena river plume formed in the summer, thus 

hindering exchange). However, settling times on the ESAS can be very quick; for example, (when 

there is no turbulence disturbing) the settling period in depths of 25 m or less of the ESS is only 

up to four days (Dudarev et al., 2006). All sedimentation is highly seasonal and between the two 

major settling regimes reported by Charkin et al., (2011) the SPM and POC settling in the SE 

Laptev Sea is varying by more than a factor of two. 

Burial 
Burial efficiency in the Arctic Ocean shelves is high due to the heavy regional terrestrial input 

compared both to marine input and the rest of the world. Basin accumulation has been reported 

orders of magnitude lower than shelf burial (Stein et al., 1994). In Laptev Sea 78% of the buried 

carbon ends up on the shelf, while 22% is transported out to the continental slope according to 

Stein and Fahl (2000). Old permafrost carbon seems to dominate the carbon burial on ESAS 

based on 14C data with 50-60% of the surface sediments in two ESAS studies (Vonk et al., 2010a; 

Karlsson et al., 2011) have been shown to be coastal erosion derived.  

Degradation 
Generally a colder environment gives slower degradation rates, which holds true for Arctic 

organic matter (Stein and Macdonald, 2004; Vetrov 2004). Recent long-term incubation 

experiments of degradation rates with Svalbard sediment show that the sedimentary microbial 

community composition changes with an altered (increased) temperature (Robador et al., 2010). 

Robador et al. (2010) also stress however, that there is quite a difference in the long term 

changes of microbial response and degradation potential compared to the initial and short term 

changes. The initial reaction to increased temperature is the capacity of frozen microbial 

communities to quickly become activated upon thawing (Rivkina et al., 2000, 2004), which 

appears to be true also for several freeze-thaw cycles within a short time period (Sawicka et al., 

2010). 

 Anoxic cold sediments have also been shown to react rapidly to carbon input (Arnosti et al., 

2005). Mineralization is continually ongoing between high input periods (Cauwet and Sidorov, 

1996), but seasonal features are typical of Arctic coastal waters (Hop et al., 2002; Belicka et al., 

2004; Cooper et al., 2008). Thus, degradation could to some extent also be anticipated to be 

episodic, and to temporally vary with the nature of the input.  
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Over the Siberian Arctic there is more degraded organic matter in surface sediments to the east 

as is apparent from pyrolysis GC-MS (Guo et al., 2004) and ratios of HMW n-alkanoic acids to n-

alkanes (van Dongen et al., 2008a,b; Gustafsson et al., 2011). Van Dongen et al. (2008a) also 

found a decreasing Sphagnum content eastwards, which is consistent with the colder climate 

and increasing wideness and thickness of the permafrost zone in the associated river catchment 

areas (Huh et al., 1998a,b; Stein and Macdonald, 2004). Thus there is a continental wide 

dominance of terrestrial matter input to the ESAS shelf, changing in character from west to east.   

However, different pools in the same area (derived from different sources of organic matter) 

have been shown to result in quite different susceptibilities to degradation (Zimov et al., 2006; 

Vonk et al., 2008; 2010a,b). Both POC and DOC in the Laptev Sea are reported to be readily 

degraded already in the water column (Alling et al., 2010; Sánchez-García et al., 2011). In 

contrast, sedimentary organic matter (SOC) surprisingly contains highly intact terrestrial lipids 

despite being very old (Vonk et al., 2010a). In this context it might also be noteworthy that, 

though in a study from temperate Skagerakk sediments, Arnosti and Holmer (2003) show that 

carbon remineralization is fueled by a small fraction of POC which was not distinguishable 

through its bulk parameters. They suggest that bulk characteristics alone thus are not sufficient 

for characterizing organic matter reactivity. 

Factors that influence carbon preservation/degradation 
As mentioned above OC delivery to ESAS is dominated by riverine runoff and coastal erosion. 

These two pools have very different characteristics. POC exists in various forms, including both 

coarse particles and loose agglomerations, which can have vastly differing behaviours in the 

water column (Gustafsson & Gschwend, 1997; Gustafsson et al., 2000). The river discharge 

carries a lot of the young eroded surface soil material, which is dominated by terrestrial plant 

material (van Dongen et al., 2008a) in the form of humic associated aggregates. This fraction 

comprises a bioavailable organic carbon pool that is held buoyant in the surface waters. The 

amorphous and loose format is rather contrary to the mineral rich associated coastal erosion 

carbon, and only a smaller portion of this river borne POC contributes to the sediment (Vonk et 

al., 2010). The POC has been shown to be degraded already in this buoyant state in the water 

column (Sánchez-García et al., 2010). The fine grained coastal erosion matter on the other hand 

sinks out very quickly when entering the coastal waters. The minerals work as ballast for the 

organic rich matter of the old Pleistocene carbon and give it very short residence times in the 

water column (Armstrong et al., 2002; Gustafsson et al., 2006; Vonk et al., 2010a). The surface 

sediment thus comprises a very mineral rich and old carbon pool – but despite its high age has 

been shown to contain highly intact terrestrial lipid biomarkers (Vonk et al., 2010a). One 

possible explanation to this could be that the organomineral aggregate somehow gives a 

physical or chemical protection feature to the terrestrial organic matter (Keil et al., 1994; Hedges 

and Kiel, 1995; Mayer et al., 2004). For example, the adsorbed organic carbon could be out of 

reach from microbial enzymatic cleavage (biotic exclusion, Mayer, 1994, 2004) being adsorbed 

inside the many pores. Organic carbon content has been seen to increase with increasing surface 

area of the particles (Keil et al., 1997) shown in size-fractionated sediments. Hedges et al. (1997) 

have shown sediments with remarkably uniform concentrations of OC in fine grained POM, and 
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Keil et al. (1997) found more than 90% of the organic matter inseparable from its associated 

minerals in density fractionation in coastal zone surface sediment. Taken together these results 

indicate a possible lower limit of organic carbon content that could perhaps be due to the 

physical protection of OC in organomineral aggregates. There are several studies suggesting 

preferential protection of organic matter in marine sediments (Huguet et al., 2008; Vonk et al., 

2010a,b; Zonnevald et al., 2010). 

Study Area 
The East Siberian Arctic Shelf – ESAS – the largest continental shelf water on the globe 

constitutes 20% of the total Arctic Ocean (Stein and Macdonald, 2004). It is situated close to the 

permanent polar ice and rather far from both Pacific and Atlantic Ocean inflow. This gives the 

area a very harsh climate. The shelf waters are very shallow – almost three quarters are not 

more than 50 m and half is not deeper than 30 m (Jakobsson et al., 2004, Vetrov, 2004). The 

shallow water in combination with massive riverine input causes low salinity on ESAS. The 

catchments of the great Arctic Russian Rivers are clearly heterogeneous. The eastern parts of 

East Siberian Arctic are colder, more barren and highly mountainous, hosting for example the 

Kolyma and Indigirka rivers in its continuous permafrost landscape. The catchment of the great 

Lena River reaches as far south as 60°N and covers a very large area (Huh et al., 1998a,b; Stein 

and Macdonald, 2004). The smaller Ob and Yenisei Rivers drain the younger and more westerly 

located mainly discontinuous permafrost regions. These catchments potentially deliver very 

different discharge signals to the river outlets and recipients.  

Buor-Khaya Bay, SE Laptev Sea 

The Buor-Khaya Bay nurtures the Lena River outlet. It is therefore receiving great riverine 

discharge during the ice free months as described above, and the area is heavily characterised by 

this influence. Nutritious low salinity warm water enters the Bay. Freshwater brings great 

amounts of eroded surface (and mineral) soil matter through and from the many Lena river delta 

channels into the shallow ocean. The water in the SE Laptev Sea has a short residence time. 

After a few months the water is exchanged and already on its way to the East Siberian Sea 

(Semiletov et al., 2005). Another feature in the Buor-Khaya Bay is the major coastal erosion 

input. There are several vastly eroding coastlines in the Bay, especially the hot spots Muostakh 

Island and to a lesser extent Buor-Khaya Cape (Semiletov 1999a, b; Overduin et al., 2007). These 

erosion areas contribute greatly to the terrestrial organic matter dominance of this region. 

In other words, the study area of this work is a region with strong terrestrial influence hosting 

many of the important carbon cycling processes discussed above and seen in figure 1.  

Objectives 
The study area is a primary area for detailing the fate of terrestrial matter release to the Arctic 

coastal shelf. We aim to source apportion organic matter – to distinguish terrestrial contribution 

from marine and separate riverine delivery from coastal erosion. We want to investigate the 

physical and chemical behaviour of different organic matter pools. In this way we aim to 

describe the stability/lability of the organic carbon from the vast terrestrial and subsea 
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permafrost regions in the East Siberian Shelf Seas. The overall aim of this work is to contribute to 

the understanding of terrestrial organic matter degradation and fate in the marine coastal 

waters of ESAS. 

Publication 

Paper  
This work was based on a sampling campaign crossing the entire Siberian Arctic coastal shelf, the 

ISSS-08. There was a sub-cruise with the vessel TB0012, creating a detailed grid through 

sampling – covering a large part of the Buor-Khaya Bay in the SE Laptev Sea (Fig. 2). Both 

sediment and particulate matter of surface water was sampled, and lipid biomarker as well as 

carbon isotopes were used to elucidate the patterns of transport and degradation for the area. 

These samples have been a basis for the publication covered in this thesis. Methodological 

details can be found in the paper below. 

 

Figure 2. Map of the East Siberian Arctic Shelf with the Buor-Khaya Bay, South East Laptev Sea and sampling stations 
in blue detailed in the insert. The key eastward Lena River delta channels, denoted with blue arrows on insert, are (a): 
Bykovskaya, (b): Sardahkskaya and (c): Trofimovskaya. 

 

Paper I  

E. S. Karlsson, A. Charkin, O. Dudarev, I. Semiletov, J. E. Vonk, L. Sánchez-García, A. Andersson, 

and Ö. Gustafsson. Carbon isotopes and lipid biomarker study of sources, transport, and 

degradation of terrestrial organic matter in the Buor-Khaya Bay, SE Laptev Sea. Biogeosciences, 

8, 1865-1879, 2011.  
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Findings/discussion 
Since organic matter delivered from different sources have been seen to behave differently in 

the recipient (Vonk et al., 2010a, b, 2008) we anticipate the contributions to Buor-Khaya Bay to 

also behave differently. The first task thus is to source apportion the material we have found – 

distinguish marine matter from terrestrial and surface soil from mineral soil/yedoma, (i.e the 

mainly riverine borne versus coastal erosion input). This was done through combining molecular 

data with biomarkers. Plant wax lipids in the form of high molecular weight (HMW) n-alkanoic 

acids and HMW n-alkanes were analysed for carbon preference index and ratio of acids over 

alkanes. These two parameters give information about degradation state by providing data on 

loss of functional groups and loss of synthesis pattern respectively. The ratio of HMW to low 

molecular weight (LMW) n-alkanes gives a ratio of the terrestrial fraction compared to the 

marine. The basis for this is the fact that land plants need rigid structures and produce long 

chain alkanes (HMW), while marine plant lipids are shorter (LMW) since they lack this need for 

rigidity, being surrounded by water. This way the marine versus terrestrial contribution can be 

determined. Carbon isotopes (stable and radiocarbon) were used in Monte Carlo simulated End-

member model analysis (EMMA) for estimates of different source contributions. Through 

assigning values for three end-members of both stable carbon and radiocarbon data, one can 

make a model source apportioning the actual contribution of these six source values to each 

data point. A Monte Carlo simulation allows for a better estimate of real values when creating a 

simulated distribution around the actual data point within the limits of the set end-members 

and their inherent variability. 

Overall the data confirms a substantial dominance of terrestrial matter compared to marine 

matter in both water column and surface sediment. This was true for all data points but 

markedly higher in the Lena river plume and around the coastal erosion hot spots. Apart from 

the terrestrial dominance of the organic matter, the POC and SOC showed very different 

characteristics. 

POC was found to be quite young (D14C at < 200), and seems to come from mainly recent 

surface soil organic matter – delivered with the Lena River. Only close to the coastal erosion hot 

spots (Muostakh Island, Buor-Khaya Cape) were there signs of old material in the water column, 

(radiocarbon levels at around 500-600, several thousand years old). It seems likely that there is 

an erosion input rate exceeding the settling rates; at least prominent enough for a continuous 

signal of this material to be found in the surface water around the erosion prone coast. The 

mineral rich organic matter from coastal erosion is otherwise found to settle out rather quickly 

since it is ballasted with heavy mineral particles. The EMMA modelling shows a surface water 

decrease of yedoma/mineral soil material with water depth. At Muostakh Island the fraction 

yedoma/mineral soil in POC is over 40% but decreases to less than 10% at the stations further 

away from the coast.  

The buoyant POC fraction stays in the water column and is not found to a large extent in the 

surface sediment. Instead it seems that the POC is heavily degraded already in the surface water. 

The ratio of HMW n-alkanoic acids to HMW n-alkanes is low, indicating a very high loss of 

functional groups and thus a rather degraded material, (strengthened also by low carbon 

preference index, the bio-produced pattern that disappears during degradation). This is in line 
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with a shelf-wide study of Alling et al., (2010), showing that POC is not a conservative signal in 

the Arctic coastal waters but instead rather heavily degraded in the water column.  

The SOC in the Buor-Khaya Bay is contrary to POC dominated by yedoma/mineral soil material 

over the whole sea floor. Rather counter-intuitively this material was also found to contain 

highly intact organic matter. Normally old material has been exposed for a longer time and is 

therefore more degraded. This material however is hardly degraded at all, and shows very intact 

acyl lipid patterns. It seems instead to accumulate in the surface sediment, and to some extent 

be transported away through nepheloid layer transport. High accumulation is typical for the 

whole Arctic, and this area is no exception. The surprising result that the mineral soil/yedoma 

matter seems highly intact was for the first time recently seen in the Kolyma paleoriver 

sediments (Vonk et al., 2010a). Surface sediment was analysed for the same parameters as in 

Paper I, and EMMA analysis showed a persistent fraction of coastal erosion material (between 

50-60%) over the hundreds of kilometres investigation scale from the river mouth to the 

offshore river transect. Our theory is that the organic matter in the Buor-Khaya Bay is coating 

the mineral particles and therefore become protected, either physically or chemically according 

to theory by Kiel et al. (1994). Mineral particles contain a lot of pores, and enzymes are perhaps 

physically or chemically hindered in reaching this layer of organic coating inside the many pores 

(Mayer, 1994, 2004).  

The erosion fraction is the same over the whole bay bottom (surface sediment), also in Buor-

Khaya Bay. This indicates high nepheloid layer transport efficiency, as would be anticipated in 

the shallow and turbid system with a water residence time of only a few months. Semiletov et al. 

(2005) has shown the Buor-Khaya Bay OC signal as far out as 160°E, and Charkin et al. (2011) 

strengthens and details this movement and direction of benthic transport in an attempt to map 

out transport patterns and seasonal regimes in the Buor-Khaya Bay. 

It is shown here that for the Buor-Khaya Bay and Kolyma coastal areas the coastal erosion 

material and the riverine discharge have very different fates. POC that comes from the riverine 

discharge stays as a buoyant fraction in the water column while the erosion material sinks out 

and is reallocated through nepheloid layer transport. It is also apparent that the different pools 

have different ability to act as substrates of degradation. The relative proportions of them in 

different areas therefore imprints in the processes taking place. Are these different propensities 

to degradation typical of the whole shelf region? The character of the different pools and their 

transport could be a good clue in C budgeting. These findings are a help in understanding source 

contributions to the Siberian Arctic coastal waters, and how different pools of OC reveal 

different behaviour and transport patterns over the shelves in the East Siberian Arctic.  

Future work 

Ongoing work 
We want to follow up on the ability of different source contributions of OC to the bottom 

sediment. How prone to degradation is material from a range of relative degradation states in 
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incubation experiments? At what rate does different sediment degrade? Can we couple 

laboratory derived degradation rates to existing data on lipid biomarker degradation state? 

A measure of CO2 evolution of incubated surface sediment was analyzed. This has resulted in a 

range of short term degradation rates (three week setup). Apparently the anaerobic degradation 

to some extent follows the availability of the n-alkanes and their state of degradation. There is 

also a great difference between aerobic and anaerobic degradation. Aerobic degradation is a lot 

faster and seems uncoupled to the whether the lipid fraction is intact or not. Aerobic 

degradation readily degrades other fractions of the organic matter too, unlike anaerobic 

mineralization. This material is in preparation. 

Scientific continuation 
An extension of this topic is to examine the colloidal fraction of organic matter with carbon 

isotopes and lipid biomarkers. We are planning analysis carbon isotope analysis of cross flow 

filtrate samples from the five largest Siberian River outlets. The colloidal fraction comprises a 

large portion of the organic carbon in these waters (Stein and Macdonald, 2004). It would be 

important to find out both if the fraction itself – and if the terrestrial lipid content – is recent or 

old. This would answer the question of whether this material comes mainly from riverine, 

surface soil sources or old mineral associated erosion material. Compound specific carbon 

isotope analysis of HMW n-alkanes and HMW n-alkanoic acids would allow for source 

apportionment of this fraction, and give clues towards its origin. This work might be limited by 

whether the lipid amounts of the colloidal fraction are sufficient for analysis or not. 
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