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This study gives the first detailed report of palynomorphs from Mesozoic cold hydrocarbon seep deposits. The organic-walled microfossils 
and palynodebris comprise ex situ fossil material in the seep deposits of the Upper Jurassic–Lower Cretaceous Agardhfjellet Formation, and 
consist of both specimens that originated during the time of deposition and a few fossils reworked from older strata. The palynomorphs from 
the Agardh fjellet Formation carbonate seep deposits in Central Spitsbergen, Svalbard, are better preserved than the palynological material in the 
shale deposits in the same formation. This is due to early authigenic precipitation of carbonate, which led to a relatively rapid cementation of the 
sediments, preventing flattening of the fossils. The Non-metric Multidimensional Scaling (NMDS) of the dinoflagellate cyst assemblages in the 
studied succession shows an age-specific trend, rather than being environmentally controlled, while the NMDS of the palynofacies shows that the 
content of palynodebris in the samples is more environmental-specific than age-specific. 
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Organic-walled microfossils and palynodebris in cold 
seep carbonate deposits: The Upper Jurassic–Lower 
Cretaceous Agardhfjellet Formation on Svalbard  
(Arctic Norway)

Introduction

Cold hydrocarbon seeps occur in geologically active and 
passive continental margins, where pore waters enriched 
in methane are forced upward through the sediments 
by pressure gradients. Cold seep habitats were practi-
cally unknown to science prior to the first records on the 
Florida Escarpment in the Gulf of Mexico some 30 years 
ago (Paull et al., 1984). More recently, such special marine 
environments have been documented in a broad range 
of tectonic settings around the world’s seas (Campbell 
et al., 2002; Levin, 2005; Campbell, 2006), including the 
margins of the Norwegian Sea and Barents Sea (Hovland 

& Svendsen, 2006; Chand et al., 2008, 2012; Berndt et al., 
2014). There are examples of extant carbonates associated 
with both hydrate (primarily methane-bearing hydrate) 
melting and sea-floor hydrocarbon seeps (Ritger et al., 
1987; Sassen et al., 1993; MacDonald et al., 1994; Naehr 
et al., 2000). These include several unequivocal analogues 
recognised in the Mesozoic rock record (Beauchamp & 
Savard, 1992; Kelly et al., 1995; Kauffman et al., 1996; Kiel 
et al., 2008). 

Methane seeps at the sea bottom are generally associ-
ated with complex and rich ecosystems, where the high 
concentrations of methane and sulphide passing through 
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the vents provide nutrients to abundant free-living and 
symbiotic bacteria, resulting in increased food sup-
plies. In such environments, anaerobic methane oxida-
tion presum ably coupled to sulphate reduction leads to 
form ation of carbonates, providing a hard substratum 
for specialised benthic communities of protozoan and 
metazoan faunas. The faunal biomass at seeps generally 
far exceeds that of surrounding non-seep sediments and 
is often dominated by bivalves, tube-worms, brachiopods, 
echinoderms, sponges and gastropods (Levin, 2005). In 

addition, shrimps, crabs and bottom-dwelling fish may be 
common in the seep communities. 

The present study concerns organic-walled micro fossils 
(palynomorphs) and organic sedimentary particles 
(palyno facies) found in shales and carbonate seep depos-
its in the Upper Jurassic – Lower Cretaceous Agardhfjel-
let Formation (Slottsmøya Member) in the Sassenfjorden 
area of Spitsbergen (Svalbard) (Figs. 1, 2; Tables 1–3). The 
organic-walled microfossils and palynodebris analysed in 

Figure 1. Geological map of the study area and seep localities with inset map of Svalbard showing the location of the study area (modified from 
Dallmann et al., 2001).

Figure 2. Lithostratigraphic subdivision of the Middle Jurassic–Lower Cretaceous succession on Svalbard. The column to the right shows the 
revised age of the Slottsmøya Member and Myklegardfjellet Bed as determined by Wierzbowski et al. (2011). 
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during the palaeontological expeditions conducted by the 
Natural History Museum, University of Oslo, in 2007 and 
2009. Two of the seep samples were collected at Janus-
fjellet (2009–03 and 2009–04) and one was collected at 
Knorringfjellet (2007–01) (Fig. 1). All the seeps are lo-
cated above the Dorsoplanites bed, i.e., above 27 m in the 
profile presented by Collignon (2011). Samples 2007–01 
from Knorringfjellet and 2009–03 from Janusfjellet are 
of Ryazanian age, while sample 2009–4 from Janusfjellet 
is of Late Volgian age (Fig. 2; Wierzbowski et al., 2011; 
Hjálmars dóttir et al., 2012). The largest seep carbonate 
body (2007–01) is measured to be 5 m in diameter, but 
its lateral extent may be greater in view of spreading of 
material down-slope due to frost wedging (Hammer et 
al., 2011).

Twenty shale samples were collected from the Janusfjellet 
profile, and 17 from the Knorring profile.

the present study comprise ex situ fossil material in the 
seep deposits. The palynomorphs consist of both speci-
mens that originated during the time of deposition and a 
few fossils reworked from older strata (Fig. 3). The sedi-
mentary facies, stable isotope analyses and fossil faunas in 
these seep deposits have previously been well document-
ed by Hammer et al. (2011, 2012, 2013), Wierzbowski et 
al. (2011), Hjálmarsdóttir et al. (2012), Hryniewicz et al. 
(2012, 2014, 2015) and Sandy et al. (2014).

Material and methods

Three samples from cold methane seep deposits in the 
Slottsmøya Member (Agardhfjellet Formation) were in-
cluded in the study (Fig. 3, Table 3). The samples were 
collected by Øyvind Hammer and Hans Arne Nakrem 

Figure 3. Ammonite zones established by Wierzbowski et al. (2011) and the recorded occurrences of dinoflagellate cyst taxa in seep samples 
2009–04, 2009–03 and 2007–01.
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Table 1.  Palynofacies components (%) in the analysed shale samples from Janusfjellet.

Level (m) CFTL
Bi/

monosaccate 
pollen

Reg.  
pollen Spores Dinocysts Tasma nites Leio

sphaeridia
Plant 
debris Wood AOM  

total
AOM  
tran s
parent

AOM 
orange/
yellow

AOM  
black/
brown

45.62 0.0 0.3 0.7 4.7 0.3 0.0 28.1 11.7 0.0 54.2 1.3 26.4 26.4

43.91 2.6 1.0 4.6 9.8 4.6 0.0 8.2 20.0 0.3 48.9 7.9 13.8 27.2

42.13 0.0 0.3 3.7 8.0 5.3 0.3 13.3 12.7 0.0 56.3 1.3 21.7 33.3

39.52 0.0 1.4 4.0 7.5 1.2 0.6 5.8 9.2 0.0 70.3 0.3 16.7 53.3

36.71 1.2 0.0 4.0 6.8 0.9 0.3 10.5 12.1 0.0 64.1 0.6 14.2 49.2

33.53 1.6 0.0 3.2 4.2 4.2 0.0 9.3 20.4 0.0 57.2 2.6 19.2 35.5

30.00 0.7 0.7 3.9 4.3 5.6 0.7 2.3 33.4 0.3 48.2 2.0 8.9 37.4

28.20 0.3 0.3 4.2 5.9 6.2 0.7 4.9 14.1 0.0 63.4 5.2 12.1 46.1

26.07 1.6 0.3 1.9 10.4 4.7 1.3 3.2 20.8 0.0 55.8 4.1 13.2 38.5

23.48 0.7 0.0 0.7 10.6 5.3 15.9 2.7 18.6 0.3 45.2 6.6 8.3 30.2

20.94 0.9 0.0 1.2 15.5 5.0 1.6 0.6 21.7 0.0 53.4 1.6 2.5 49.4

17.95 0.3 0.3 4.5 10.4 5.9 0.0 0.3 18.7 0.0 59.6 2.1 11.9 45.7

15.77 0.3 0.0 5.5 10.2 6.5 0.3 1.5 28.6 0.9 46.2 4.0 3.1 39.1

13.75 0.0 0.3 2.9 4.2 3.6 0.0 0.3 22.2 0.3 66.0 3.3 15.0 47.7

10.89 0.0 1.0 4.1 6.2 3.4 0.0 0.0 27.2 1.0 56.9 3.4 18.6 34.8

8.37 0.3 0.7 6.5 5.6 2.3 0.7 1.6 20.6 0.3 61.4 6.2 18.3 36.9

6.03 0.3 0.7 2.7 6.3 4.7 1.3 0.0 35.2 0.3 48.5 12.6 20.6 15.3

3.95 0.6 0.9 4.4 7.2 4.7 0.0 0.9 51.6 1.6 28.1 15.3 3.8 9.1

0.77 0.3 0.3 1.6 6.2 14.0 0.0 0.0 35.1 0.6 41.9 5.3 12.1 24.5

-1.31 0.9 0.3 3.7 6.2 3.1 0.0 0.3 45.7 0.0 39.8 6.8 4.7 28.3

AOM = amorphous organic matter; CFTL = chitinous foraminiferal test linings.

Table 2.  Palynofacies components (%) in the analysed shale samples from Knorringfjellet.

Level (m) CFTL
Bi/

monosaccate 
pollen

Reg.  
pollen Spores Dinocysts Tasma nites Leio

sphaeridia
Plant 
debris Wood AOM  

total
AOM  
tran s
parent

AOM 
orange/
yellow

AOM  
black/
brown

41.0 0.0 1.3 6.5 6.8 15.9 0.0 3.2 48.9 0.0 17.5 0.0 3.2 14.2

36.0 0.0 2.3 2.6 1.6 7.4 0.0 0.3 39.0 0.6 46.1 0.3 13.2 32.6

31.0 0.7 1.7 3.3 3.3 1.7 0.0 0.0 40.5 0.0 48.8 1.7 1.7 45.5

26.0 0.0 0.0 3.2 1.0 3.2 0.0 0.0 55.8 1.3 35.6 4.5 14.7 16.3

21.0 0.0 0.6 2.5 5.2 4.0 0.9 0.6 48.8 0.0 37.4 8.9 19.0 9.5

16.0 0.0 1.0 5.0 4.7 8.4 0.0 0.3 53.7 3.0 23.8 1.3 0.7 21.8

11.0 0.3 1.0 4.8 2.9 6.8 1.0 0.3 32.2 0.6 50.2 2.3 10.3 37.6

6.0 0.0 0.0 4.0 3.1 3.4 0.9 0.3 36.4 0.9 50.9 1.5 7.1 42.3

0.0 0.9 1.6 5.3 6.8 9.6 0.3 0.6 54.3 0.6 19.9 1.9 2.5 15.5

-2.0 0.7 0.3 2.0 4.7 3.0 0.0 0.3 54.3 4.3 30.3 0.7 10.0 19.7

-7.0 0.3 0.6 3.8 3.8 9.6 0.0 0.3 60.6 1.9 18.9 0.3 2.9 15.7

-11.0 1.0 0.3 4.0 4.3 9.0 0.0 0.0 61.7 3.3 16.3 1.0 3.7 11.7

-17.0 0.0 0.3 4.3 4.3 9.5 0.0 0.3 61.8 1.6 17.8 1.6 2.0 14.1

-21.0 1.0 1.6 9.7 7.4 4.5 0.0 1.3 64.8 4.2 5.5 0.6 1.6 3.2

-27.0 0.6 0.3 1.9 3.9 1.6 0.0 0.0 63.4 24.6 3.6 1.3 2.3 0.0

-29.0 0.0 0.0 2.9 4.9 5.8 0.0 0.3 63.6 19.2 3.2 0.3 1.3 1.6

-43.0 0.3 0.3 5.4 8.0 2.5 0.0 1.6 56.1 12.7 13.1 2.2 1.3 9.6

AOM = amorphous organic matter; CFTL = chitinous foraminiferal test linings.
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2012). Collignon & Hammer (2012) provided detailed 
lithostratigraphy and sedimentology of the Slottsmøya 
Member at Janusfjellet, with lithostratigraphic, mineral-
ogical, chemical and magnetic susceptibility logs. Their 
high-resolution stratigraphy was used as a reference 
framework for other stratigraphic, sedimentological and 
palaeontological studies covering the same succession 
(Hurum et al., 2012 and references therein). Further, the 
stratigraphy of the Slottsmøya Member is constrained by 
analysis of the organic carbon isotope chemostratigraphy 
and cyclostratigraphy by Hammer et al. (2012), who pre-
sented δ13Corg curves from three sections at Janusfjellet 
and Knorringfjellet. According to Hammer et al. (2012) 
there are indications of a c. 400 kyr periodicity, which can 
be interpreted as a result of orbital forcing (long eccen-
tricity).

The well preserved ammonites found in the seep carbon-
ates provide a good tool for age determinations of seep 
deposits (Wierzbowski et al., 2011), and the recovered 
taxa have biostratigraphic ranges through the Upper 
 Volgian Substage to the Upper Ryazanian. The foramin-
ifera assemblages suggest a Late Volgian–Ryazanan age 
for the seep deposits (Nagy & Basov, 1998; Hjálmars dóttir 
et al., 2012).

The hydrocarbon served as a nutrient for chemoauto-
trophic microorganisms and was also instrumental in 
the formation of a hard substrate, which allowed sessile 
organisms to settle. Forming small, local hard-grounds, 
the seep carbonates in the Sassenfjorden area contain 
more common benthic fossils than the surrounding mud-
stones (Hammer et al., 2011). The carbonate seep  deposits 
contain rich and well-preserved faunas, with bivalves, 
rhynchonelliform and lingulid brachiopods, gastro-
pods, echinoderms, sponges, and serpulid and prob-
able vesti mentiferan worm tubes (Hammer et al., 2011; 
 Wierzbowski et al., 2011; Hjálmarsdóttir et al., 2012; Hol-
mer & Nakrem, 2012; Sandy et al., 2014; Hryniewicz et al., 
2015). The seep fauna contains few, if any, seep obligate 
taxa, consistent with formation in a relatively shallow-
water palaeoenvironment (Hryniewicz et al., 2015).

Ammonites and microfacies in the three carbonate 
seep deposits in the Slottsmøya Member, from which 
the samples used in the present study were taken, have 
previ ously been described by Wierzbowski et al. (2011) 
and  Hryniewicz et al. (2012), respectively. The carbon-

The samples were processed by Applied Petroleum Tech-
nology AS, following standard palynological preparation 
procedures.

All the data from the palynological samples from the 
 Upper Jurassic–Lower Cretaceous Agardhfjellet Forma-
tion were processed using Microsoft Excel and PAST 
(PAlaeontological STatistics) (Hammer et al., 2001). The 
similarity test is used to compare the palynofacies con-
tents and the dinoflagellate cyst assemblages in three 
different sample sets: 1) Samples from Janusfjellet, 2) 
Samples from Knorringfjellet, and 3) Seep samples from 
both locations. The Non-metric Multidimensional Scal-
ing (NMDS) method is used for reducing the dimension-
ality of the data. It is based on a similarity measure and 
attempts to retain as much of the relative ordering of dis-
tances between pairs of samples as possible. The axes in 
a NMDS plot do not have a particular meaning, only the 
relative positions of the NMDS scatter plot (Hammer et 
al., 2001).

Upper Jurassic–Lower Cretaceous seep 
deposits in the Agardhfjellet Formation

Several carbonate bodies formed from hydrocarbon 
seepage are found in the Upper Jurassic–Lower Creta-
ceous Slottsmøya Member of the Agardhfjellet Formation 
in the Sassenfjorden area in Central Spitsbergen, Svalbard 
(Fig. 2). The Agardhfjellet Formation consists dominantly 
of dark shale with minor siltstone and sandstone beds. 
In the Slottsmøya Member 15 seep carbonate bodies are 
found along c. 10 km of strike (Hammer et al., 2011). All 
the seep bodies are found at a similar stratigraphic level 
5–11 m below the top of the member except one, which 
has slumped downhill. The carbonate deposits are hetero-
geneous in structure, and include zoned ( botryoidal) 
 cement textures and fissure-infilling sparite. Stable iso-
tope analyses show highly negative δ13C values (down to c. 
-43‰ VPDB) in the zoned carbonate cements, consistent 
with authigenic precipitation in a hydrocarbon-rich envi-
ronment (Hammer et al., 2011).

The Agardhfjellet Formation was deposited on a shelf in 
a generally low-energy regime, and under oxygen-defi-
cient conditions (Dypvik et al., 1991a; Hryniewicz et al., 

Table 3.  Palynofacies components (%) in the analysed seep samples 2009–04 and 2009–03 from Knorringfjellet and 2007–01 from Janusfjellet.

SEEP CFTL
Bi/

monosaccate 
pollen

Reg. pollen Spores Dinocysts Tasmanites Leio
sphaeridia

Plant 
debris Wood AOM 

(total)
AOM 
trans
parent

AOM 
orange/
yellow

AOM 
black/
brown

2007-1 0.0 9.3 9.6 5.6 6.9 0 0 46.1 5.3 16.9 5.98 1.0 9.9

2009-3 0.9 2.3 2.9 2.6 7.5 0 0 73.6 0.6 9.2 1.32 0.0 7.8

2009-4 0.0 2.3 2.9 5.5 9.3 0 0 38.9 3.7 37.2 3.78 3.2 30.2

AOM = amorphous organic matter; CFTL = chitinous foraminiferal test linings.
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ate samples used for the present palynological study have 
also been used to study foraminiferal assemblages (Hjál-
marsdóttir et al., 2012). 

Correlation of dinoflagellate cyst 
occurrences in the seeps and the shales 
(NMDS)

The compositions of dinoflagellate cyst assemblages from 
the Slottsmøya Member at Janusfjellet and Knorrings-
fjellet are shown in Figs. 4 and 5, respectively. The record-

Figure 4. Stratigraphic and semi-quantitative distribution of dinoflagellate cyst taxa in the Slottsmøya Member at Janusfjellet, Central 
Spitsbergen. The diagram is based on counts of approximately 300 specimens for most of the samples. 

ed occurrences of dinoflagellate cyst taxa in the seep sam-
ples 2009–04, 2009–03 and 2007–01 from the Slottsmøya 
Member are shown in Fig. 3. All three samples from the 
carbonate seep deposits contain abundant and well pre-
served palynomorphs and palynodebris. 

The Non-metric Multidimensional Scaling (NMDS) of 
the dinoflagellate cyst assemblages in the studied succes-
sion shows an age-specific trend, with higher stratigraph-
ic levels towards the right in the graph (Fig. 6). The up-
per samples seem to cluster more than the lower samples. 
The seep samples show a more age-specific trend in the 
NMDS of the dinoflagellate cyst assemblages than in the 
NMDS of the palynofacies (Fig. 7). 
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with the dating of the seeps (Fig. 2; Dalseg, 2012; Dalseg 
et al., in press). The two uppermost seep samples, of Late 
Ryazanian age, are of younger age than the uppermost 
shale sample (Nagy & Basov, 1998; Hjálmarsdóttir et al., 
2012). Seep sample 2009–04 correlates in age approxi-
mately with shale samples from 40 m and upwards.

Environmental interpretations of the 
 carbonate seep deposits in the Agardh-
fjellet Formation

Unlike hydrothermal vents, occurring in oceanic environ-
ments characterised by sea-floor spreading, cold methane 
seeps occur at continental margins and are character-
ised by relatively cold temperatures, similar to or slightly 
exceed ing bottom water temperatures. The dominant 
hydro carbon source is usually methane (CH4) (Campbell, 
2006; Blumenberg, 2010). The methane is oxidised and 

The seep samples are correlative with the upper shale 
samples of the Slottsmøya Member (Dalseg, 2012). Seep 
samples 2009–04 and 2009–03 from Janusfjellet are most 
correlative with the youngest shale samples. Seep sample 
2007–01 from Knorringfjellet correlate to a lower degree 
with the shale samples (Fig. 6), as expected due to the 
larger age difference.

Correlation of seep ammonites, 
foraminifera and dinoflagellate cysts

The dinoflagellate cyst assemblages in the seep samples 
show a clear trend corresponding to the age assessment 
of the samples. The dinoflagellate cyst assemblages show 
largest similarities between samples 2009–03 and 2007–
01 (Fig. 2). The NMDS graph (Fig. 6) shows that the 
dino flagellate cyst assemblages in seep sample 2009–04 
are most similar to the shale samples. This also correlates 

Figure 5. Stratigraphic and semi-quantitative distribution of dinoflagellate cyst taxa in the Slottsmøya Member at Knorringfjellet, Central 
Spitsbergen. The diagram is based on counts of approximately 300 specimens for most of the samples. 
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authigenic carbonate is precipitated within the sediment 
under anaerobic conditions. These conditions facilitate 
obligate sulphate-reducing bacteria and methanotrophic 
archaea. The hydrogen sulphide (H2S) produced by these 
microorganisms is utilised by other thiotrophic bacteria 
(Magalhães et al., 2012). Seep ecosystems are found to 
commonly show low diversities and abundances. Some 
seep ecosystems, on the contrary, can show high diversi-
ties and abundances (Hammer et al., 2011). 

The macrofaunas recovered from the seep carbonates are 
generally better preserved, more common and more di-
verse than the faunas found in the shales, siltstones and 
minor sandy beds comprising the bulk of the Agardh fjellet 
Formation. Hjálmarsdóttir et al. (2012), how ever, found 
that the assemblages of agglutinated benthic foramini-
fera in the hydrocarbon seep carbonates in the Agardh-
fjellet Formation were comparable to the foramini fera 
faunas reported from the surrounding dark shales of the 
Slottsmøya Member.     

In addition, the seep carbonate bodies contain ammo-
nites, belemnites and large wood fragments represent-
ing ex situ fossils in these deposits (Hammer et al., 2011; 

Wierzbowski et al., 2011). The organic-walled microfos-
sils and palynodebris analysed in the present study also 
comprise ex situ fossil material in the seep deposits (Fig. 
3, Table 3). The palynomorphs consist of both specimens 
that originated during the time of deposition and fossils 
reworked from older strata.    

Wierzbowski et al. (2011) and Hjálmarsdóttir et al. (2012) 
have previously described well preserved calcareous fora-
minifera and ammonites from the carbonate seep bod-
ies in the Slottsmøya Member. Some of these carbonate 
deposits show high fossil abundances and high diversi-
ties, whereas most of the smaller carbonate seep bodies 
contain few fossils and show low diversities (Hammer et 
al., 2011).

Hryniewicz et al. (2012) pointed out that the seep carbon-
ates in the upper part of the Slottsmøya Member were 
formed mainly within the sediment column, with only 
thin blankets of diverse deposits covering the surfaces 
of the seep carbonates. Most of the seeps were relatively 
small and short-lasting with carbonate hard-grounds de-
veloped on the surface, and only one long-lasting seep 
was covered with a blanket of worn grainy carbonate. 

Figure 6. Non-metric Multidimensional Scaling (NMDS) of the dinoflagellate cysts in the carbonate seeps and the shales. The data are 
processed in PAST.
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Comparisons between the palynofacies 
(palynodebris assemblages)  

The Non-metric Multidimensional Scaling (NMDS) of 
the palynofacies (Tables 1–3) shows that the palynod-
ebris contents in the samples are more environmentally 
specific than age specific (Fig. 7). The carbonate seep sam-
ples show greatest similarities with the palynological as-
semblages in the lowermost shales in the Knorringfjellet 
profile. The environmentally dependent trend is expected 
as the dinoflagellate cyst assemblages are the only paly-
nomorph group recognised to species level in the pres-
ent study. The other palynomorphs are recognised only 
to higher taxonomic ranks, and do not show any changes 
through this relatively short time interval. The contents of 
sedimentary organic debris are mostly influenced by the 
environment and not evolution, and will therefore natu-
rally not influence the trend when it comes to age.

Local currents around pockmarks have been studied by 
Hammer et al. (2009). Pockmarks are craters in the sea 
bed caused by erupting gases and fluids. By using three-
dimensional fluid dynamics, they found upstream con-
vergence of flow lines followed by upwelling over the 
pockmark. This upwelling is only an effect of the deflect-
ed currents, and not of expulsion of fluid or gas from the 
sea floor. The effect of this is that more coarse-grained 
material is deposited in the pockmarks rather than in the 
surrounding areas (Hammer et al., 2009). This could be 
an explanation as to why all three seep samples investi-
gated in the present study correspond so well with the 
samples from the lowermost part of the Knorringfjellet 

 According to Hryniewicz et al. (2012), the stratigraphic 
distribution of microfacies indicates a change in the orig-
inal sediment from muds to more permeable silts and 
sands in the Late Ryazanian, probably caused by shallow-
ing of the depositional environment. A depositional re-
construction of the seep environment, with a conceptual 
model, has recently been presented by Hryniewicz et al. 
(2015).

The palynological assemblages in all three carbonate 
seep samples in the present study show a much better 
preservation than the assemblages in the shale samples 
of the Slottsmøya Member. This is probably due to early 
authigenic precipitation of carbonate, which led to a rela-
tively rapid cementation of the sediments, and thereby 
prevented flattening of the fossils (Hammer et al., 2011). 
Preservation of palynological assemblages can be in-
fluenced differently by the environment than by fossil 
groups consisting of other materials. This may be the case 
in the shale assemblages where vertebrate fossils found 
in the Slottsmøya Member generally are well preserved 
(Hurum et al., 2012), whereas agglutinated foraminifer-
ans are much better preserved in the seep carbonates as 
compared with the shale occurrences (Hjálmarsdóttir 
et al., 2012). The shale assemblages in the present study 
show moderate to poor preservation. This is similar to 
what has previously been reported by Bjærke (1980) for 
the dinoflagellate cyst assemblages from the Upper Juras-
sic in Knorringfjellet.

Figure 7. Non-metric Multidimensional Scaling (NMDS) of AOM, 'plant debris', wood, Leiosphaeridia, Tasmanites, dinoflagellate cysts, 
spores, bisaccate/monosaccate pollen, regular pollen and CFTL in the carbonate seeps and the shales. The data are processed in PAST. 
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profile. This part of the Knorringfjellet profile generally 
consists of coarser material, and a higher energy regime 
has been suggested (Dypvik et al., 1991a, 1991b).

The plant debris is dominant in both the seep samples 
and the lower part of the Knorringfjellet profile (Dalseg, 
2012; Dalseg et al., in press). This is not recorded in any 
of the other samples in the study. There is no significant 
difference in palynomorph content between the seep 
samples and the lower part of the Knorringfjellet profile 
or between these and other strata investigated, except for 
the absence of Tasmanites in the seep samples and in the 
lower part of the Knorringfjellet profile. 

The low amount of amorphous organic matter (AOM) 
is the most obvious similarity between the seeps and the 
lower strata in the Knorringfjellet profile. This is possibly 
due to the relatively high-energy regime, and thus higher 
oxygen level, resulting in less degradation of material into 
AOM. 

The diversities among the dinoflagellate cysts are highest 
in seep sample 2009–03. This sample also shows the low-
est content of AOM of the three seep samples. This cor-
responds to the trends found in the shale samples. Sample 
2009–03 also shows the highest content of ‘plant debris’ 
and the lowest content of wood and spores. In addition, 
this is the only seep sample with recorded chitinous fora-
miniferal test linings (CFTL). However, the percentage of 
the latter is low (1%). The palynofacies contents indicate 
that the material in sample 2009–03 has been deposited 
under somewhat different environmental conditions than 
the material in the other two samples. The material in this 
sample may have been deposited in accordance with the 
sequence boundary proposed at 50 m in Collignon (2011). 

The percentages of dinoflagellate cysts show a small 
decrease from the lowermost sample (2009–04) to the 
upper most sample (2007–01), which correlate with the 
interpreted sea-level regression in the uppermost part of 
the Slottsmøya Member (Collignon, 2011). Two occur-
rences of the prasinophyte algae Cymatiosphaera sp. are 
recorded in sample 2009–04. This might also indicate 
a more distal location at this level (Sandersen, 2006). 
Hryniewicz et al. (2012) also proposed the possibility of a 
shallowing starting just before the latest Ryazanian.

The contents of bisaccate/monosaccate pollen and regu-
lar pollen are significantly higher in seep sample 2007–01 
than in the other two samples. The higher content of the 
pollen groups in the uppermost seep sample (2007–01) 
probably reflects the shallowing of the sea. The regres-
sion in the Early Cretaceous, indicated by the coarsening 
inter val in the top of the Slottsmøya Member (Collig-
non, 2011), would be expected to be followed by a higher 
amount of terrestrially derived AOM in carbonate seep 
samples 2007–01 and 2009–03. For all the seep samples in 
the present study, this number is approximately 70%. An 
explanation may be a better preservation of plant debris, 

leading to a higher marine/terrestrial ratio in the AOM. A 
higher input of pollen and spores due to the relative sea-
level regression is, however, somewhat in conflict with the 
higher proportion of marine constituents in the AOM. 

Since dinoflagellates are primary producers, the high 
diversities and abundances of dinoflagellate cysts in the 
seep samples are probably a result of a high preservation 
potential (not a result of nutrients). Coarser material is 
deposited in the pockmarks rather than in the surround-
ing areas due to the dispersed currents above the pock-
marks, as previously explained (Hammer et al., 2009). 
These currents may transport regular pollen and spores 
away from the pockmarks to a greater degree than the di-
noflagellate cysts. This is based on the generally larger size 
of the dinoflagellate cysts observed in the present study.

The high diversity among the dinoflagellate cysts in the 
seep samples is possibly due to the high preservation 
potential of the seep assemblages. Samples 2009–04 and 
2009–03 are from seep deposits which may have been de-
veloped in a condensed section (Hryniewicz et al., 2012). 
The high diversities in these seeps can thus also be a result 
of the greater degree of pelagic and hemi-pelagic settling. 

Conclusions

The studied hydrocarbon seep carbonate deposits of the 
Slottsmøya Member (Agardhfjellet Formation) contain 
well preserved assemblages of organic-walled micro-
fossils and palynodebris, representing ex situ fossil mate-
rial in these deposits.

The palynomorphs from the Agardhfjellet Formation 
carbon ate seep deposits in Central Spitsbergen, Svalbard, 
are better preserved than the palynological contents in 
the samples examined from the shale deposits in the same 
formation. This is due to early authigenic precipitation of 
carbonate, which led to a relatively rapid cementation of 
the sediments, thus preventing flattening of the fossils. The 
Non-metric Multidimensional Scaling (NMDS) of the 
dinoflagellate cyst assemblages in the studied succession 
shows an age-specific trend, rather than being environ-
mentally controlled. The NMDS of the palynofacies shows 
that the contents of palynodebris in the samples are more 
environmental-specific than age-specific. The plant debris 
is significantly dominant in both the seep samples and the 
lower part of the Knorringfjellet shale-dominated profile. 
The low amount of AOM is the most prominent similarity 
between the seeps and the lower strata in the Knorring-
fjellet profile. This is possibly due to the relatively high- 
energy regime, and thus higher oxygen level, resulting in 
less degradation of material into AOM. The higher content 
of the pollen groups in the uppermost seep sample (2007–
01) probably reflects a lowering of the sea level, as a sea-
level fall in the Early Cretaceous is indicated by coarsening 
of the sediments in the top of the Slottsmøya Member.   
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