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EXECUTIVE SUMMARY  
 
In November 2013, Oregon State University initiated the project entitled: Assessing the re-
sponse of methane hydrates to environmental change at the Svalbard continental margin. 
In this project, we will take advantage of a unique opportunity to collect samples from the Sval-
bard continental margin.  The overall objective of this research is to constrain the biogeochemi-
cal response of the gas hydrate system on the Svalbard margin to environmental change. Because 
of a delay in the planned expedition, we reconfigured the program based on discussions with 
NETL program managers and submitted a revised SOPO.  In the new plan, we will collect sam-
ples in three expeditions, the first of which happened Oct 7-21, 2014. We were able to also join 
an expedition to the area onboard the RV Helmer Hanssen during May15-29, 2015 and another 
one onboard the RV Heincke August-September 2015.  We are currently discussing a modifica-
tion of the SOPO to include participation in an upcoming MeBo drilling expedition in this re-
gion, scheduled for August-September, 2016.  We continue with analyses of the samples collect-
ed during these expeditions as well as completed a computational model for methane hydrate 
formation under conditions of variable salinity.  
 
 
PROGRESS, RESULTS, AND DISCUSSION 
 

1. Expedition(s) update: We participated in a cruise onboard the RV Heinke in August-
September 2015, which was focused on collecting water column samples along the Sval-
bard and Barents Sea margins. Cruise reports have been submitted.  

2. Water column results.  We conducted extensive sampling campaign of the water column 
along the entire Barents Sea-Svalbard margin in August-September 2015, including the 
shelf regions, to document the significance of methane release at the upper limit of gas 
hydrate stability relative to additional sources on the shelf. Water and air samples collect-
ed during two RV Heinke expeditions indicate that the methane released in the slope does 
not contribute to the atmospheric input, however the shelf regions do.  In addition exten-
sive hydroacoustic surveys along the entire edge of has hydrate stability do not show any 
methane discharge expect for the well-studied region offshore Prins Karl Foreland.  A 
summary of these results is being written for publication. Preliminary results were pre-
sented at the 2016 Gordon Research Conference on Natural Gas Hydrate (Galveston, TX, 
March 2016) and will also be presented at the upcoming EGU General Assembly (Vien-
na, Austria, 17–22 April 2016).  Abstract is attached 

3. Geochemistry: Preliminary data from a series of cores recovered at on the fan of Storfjor-
drenna, west Barents Sea from a location where gas hydrate was recovered as shallow as 
0.82 mbsf indicate that the increase in methane flux inferred sulfate profile, may be 
linked to an enhanced gas hydrate dissociation in this area. Ongoing studies are aimed at 
testing this postulate, with the aim to bridge the gap between hydroacoustic flare detec-
tion in the water column and the mapping of hydrate reservoir at depth, and provide addi-
tional clues to unravel the complex interactions among ice, ocean, microbiology and cli-
mate and their sensitivity to both natural and anthropogenic change in Arctic regions. We 
presented these results at the Gordon Conference on Natural Gas Hydrates March, 2016.  
We expect to submit a manuscript on these observations by June 2016. Additional analy-
sis of those fluids is underway.  We now completed analyses of major and minor ions as 
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well as some selected Sr isotope data.  Plots of these new data are attached. Preliminary 
evaluation of these data suggests a complex system with various fluid sources and advec-
tive flow regimes.  More analyses are currently being conducted 

4. Microbiology. Marine sediment samples obtained from gas seep sites offshore Svalbard 
(Barents Sea) were incubated in sterile anoxic seawater media at in situ temperatures and 
pressures at two different methane partial pressures (0.2 MPa; and 3.8 MPa, at methane 
saturation). Sediments were sampled after 7, 25, and 129 days. Sulfate reduction rates, 
calculated from the accumulation of sulfide in the media, totaled ~50 nm/cm3/day at both 
methane partial pressures after 129 days of incubation. Incubations enriched for sulfate-
reducing Deltaproteobacteria of the families Desulfobulbaceae and Desulfobacteraceae 
that are known to partner with ANME in consortia that anaerobically oxidize methane 
(Figure 1). ANME-2 abundance may have also increased slightly in these incubations. 
Communities incubated for 129 days are currently being analyzed. Quantification of 
genes and gene transcripts involved in AOM (mcrA, dsrAB) will be used to infer whether 
AOM community response times vary with methane concentration. These new data were 
presented at the 2016 Gordon Research Conference on Natural Gas Hydrate (Galveston, 
TX, March 2016). 

5. Modeling- We are currently working on revisions for the paper: “Methane hydrate for-
mation in Ulleung Basin under conditions of variable salinity: reduce model and experi-
ments”, which was accepted pending revisions on March 5, 2016. This paper is the first 
of two in which we present an approximate or reduced model of methane hydrate evolu-
tion in subsea sediments under conditions of variable salinity. We describe a two-phase 
three-component physical model. The model is rich enough to allow the study complex 
dynamics of hydrate formation under the conditions of variable salinity such, and yet is 
robust and very efficient compared to the published comprehensive fully implicit ap-
proaches. In particular, we discuss in detail how the thermodynamics constraints are in-
corporated in the model and calibrated using experimental data.  
 
 

 
PROBLEMS OR DELAYS 
 
No new problems since the set-back last year when the planned expedition in the R/V M.S. 
Merian got cancelled due to massive engine failure of the vessel. We completed our expedition 
plan to the area as documented in the revised project plan and added an additional cruise on the 
RV Hanssen in May 2015. 
 
 
PRODUCTS 
 

• Abstract of poster presentation to the EGU General Assembly (Vienna, Austria, 17–22 
April 2016).  

• New data results from analyses of pore water samples from the Svalbard margin 
• Posters presented at the Gordon Conference on Gas Hydrate in Galveston, TX, March 

2016. 
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Widespread methane seepage was observed along the continental margin from northern Norway 

along the edge of the Barents Sea towards Spitsbergen up to Kongsfjorden in August/September 

2015. 68 hydrocasts deployed along this section indicated elevated concentrations of dissolved 

methane up to 878 nM and thus above the atmospheric methane equilibrium concentrations of 2.6-

3.5 nM. Methane concentrations were decreasing towards the sea-surface or showed numerous 

peaks, which suggest gas seeps in the vicinity of the stations. Flare imaging revealed seep clusters 

from west off Bjørnøya to the known seep-fields off Prins Karls Forland. Most of the hydrocasts were 

taken within 30 km distance to a flare, therefore, most of the methane concentrations appear to 

originate from seepage. Preliminary interpretation of δ13C-methane values cannot distinguish the 

source(s). The values between -50.7 to -33.6 ‰ suggest rather a thermogenic source, but a mixture 

of biogenic and thermogenic methane or biogenic methane altered by microbial oxidation cannot be 

excluded. Flare locations are situated in the area of the NNW-SSE striking Hornsund Fracture Zone 

suggesting that methane might ascend from depth along this pathway. Our data reveal that methane 

seepage off Svalbard is not focused off Prins Karls Forland, but is more widespread than previously 

thought. 

 

 

 



Appendix	
	
Additional	geochemical	data	from	Pingo-Like	features	found	south	of	Spitzbergen,	
Barents	Sea	

	
	
	
	
	
	

	
	
Figure	1-	Map	showing	locations	of	gas-hydrate	bearing	structures	
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Fig.5: δ13C vs. 1/CH4 concentration for water samples. Samples are grouped according to their location
from south to north. The black line marks a mixing line between the sample with the highest methane
concentration and background methane values of the ocean. The data do not fit to the mixing line. The
gray lines are microbial oxidation trends calculated according to Coleman et al. (1981). The best fit had
an R2 of 0.36 with a δ13C-value of the source methane of -64 ‰. Apparently part of the sampled
methane was already microbially oxidized, which leads to a shift of the δ13C-values to higher values.

Fig. 6: Ranges of δ13C-methane
measured at different areas along
the western Barents Sea margin.
Our data indicates a stronger
microbial methane component in
the southern regions than in the
northern areas.

SOURCE:

We measured the stable
carbon isotopic
composition of methane
derived from water
samples, which were
collected 2-10 m above the
seafloor. Mixing with
background methane in the
water column appears to
be negligible. However, part
of the methane seems to
have been consumed by
methane oxidizing
microorganisms in surface
sediments or the bottom
water (Fig. 5). The
oxidation and the lack of
higher hydrocarbons
suggest a biogenic source
of a fraction of the
methane while the
remainder might be of
thermogenic origin (Fig. 6).

Bjørnøya                                                   Hornsund B        Isfjorden B              PKF
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Fig. 2: South – North transects of dissolved methane concentrations. The upper section shows the transect farthest from the
coast, the middle section the transect over the shelf, and the lower one the transect closest to land. Above each contour plot,
the approximate location along the transect is indicated. The abbreviations stand for Hornsund B – Hornsund Banken, Isfjorden B
– Isfjorden Banken, and PKF – Prins Karls Forland. Methane anomaly was derived by subtracting the atmospheric methane
equilibrium according to the temperature and salinity of the water sample (2.6-3.5 nM).

METHANE CONCENTRATIONS: 

At almost all CTD-stations (Fig. 1) we found elevated dissolved methane concentrations.
Methane concentrations were increasing towards the seafloor or showed numerous peaks,
which suggest gas seeps in the vicinity of the stations (Fig. 2). Most of the hydrocasts were
taken within 30 km distance to a flare, therefore, most of the methane concentrations appear
to originate from seepage.

INTRODUCTION:

Emissions of methane are well known
phenomena at numerous places in the
oceans. However, the publication by Skarke
et al. (2014) who found >500 new gas
plumes along the northern US Atlantic
margin indicates that there might be many
more seepage sites undiscovered
worldwide. Up to date, three seepage areas
are well known and studied along the
western margin of the Barents Sea: the
Hammerfest Basin in the SW Barents Sea,
the Håkon Mosby Mud Volcano, and sites
offshore Prins Karls Forland (Fig. 1).
However, methane supersaturation in the
water column along the western Svalbard
coast hints to further seepage. We
investigated the western Barents Sea
margin to determine the extent of seepage.

Fig. 1: CTD stations of cruises HE 387 (black), HE449 (gray), and
HE450 (white). The line marks the cruise track of HE450, along
which atmospheric methane concentrations were measured by
ICOS (Los Gatos Research). The color code is: dark blue <1.76
ppm, blue 1.76-1.77 ppm, orange 1.77-1.78 ppm, and red >1.78
ppm.

FLARES:

Fig. 3: Flare locations observed during HE449 and HE450 as
well as flares already described by Sahling et al. (2014)
illustrated as white dots. Map shows also the main structural
features in red according to Faleide et al. (1991).
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Fig.7: Methane concentrations of air measured during cruise HE450 using ICOS (Los Gatos Research) when the instrument
was not used for other applications. A tubing attached to ICOS was adjusted to a porthole (~10 m above sea-surface) and air
was continuously pumped to the ICOS. Elevated concentrations were measured crossing Hornsundbanken (08/29) and near
Kongsfjorden (08/31).

EMISSION TO THE ATMOSPHERE: 

Continuous methane concentration measurements of the air revealed a possible link to
shallow seep sites. We observed elevated methane concentrations while working in the
area of Hornsundbanken and in Kongsfjorden (Fig. 1 & Fig. 7). Flares were observed at
both areas, which gas emissions might have contributed to the elevated gas content in
the atmosphere.

Fig. 4: Example of a sub-
bottom profile showing
flares on top of hard
ground. Most of the
flares occurred on such
reflectors. Sub-seafloor
structures were
visualized with the
sediment echosounder
Innomar SES-2000
medium.

Flare clusters were found west off Bjørnøya, at
Sørkappbanken, and at Hornsundbanken (Fig.
3). Additional seeps were also discovered in-
between these clusters and farther north. The
flares are all located in the vicinity of the
Hornsund Fracture Zone. In addition, most gas
emissions occur on bathymetric highs (Fig. 4),
only a few single flares were found in troughs.
We speculate that glaciomarine to marine
sediments cover the structural pathways in
the troughs. Our data reveal that methane
seepage off Svalbard is not focused off Prins
Karls Forland, but is more widespread than
previously thought.
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