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Introduction
As of today, no reports of liquid petroleum found on 
Spitsbergen have been published despite several known 
bitumen occurrences, gas found during drilling in the 
1970s, and coal oil found by the Russians at Billefjorden 
in the late 1990s.  Several findings have, however,  been 
mentioned in the popular media. 

Exploration for oil in the Svalbard archipelago started in 
the early 1960s and the first activity ended in 1977. The 
second wave of exploration started in 1984 through to 
1994, a total of 17 drillings were performed but no major 
findings were made. In 1999, Trust Arktikugol (a Russian 
mining company) reported two uncontrolled blowouts 
of natural gas and oil in Petuniabukta that had happened 
early in the 1990s (Anonymous 2002). This drilling for coal 
hit a sedimentary layer with oil at about 630 metres depth 
(Elvevold et al. 2007). A second discovery of oil was made 
by Smelror & Sollid (2008) when an ammonite (Aristopty-
chites trochleaeformis) with liquid petroleum preserved in 
its chambers, from the Botneheia Formation (Middle Tri
assic) on Edgeøya, was found during an expedition in 2007. 
Nevertheless, no analyses of these oils were ever published, 
despite being analysed and showing a clear Triassic Botne
heia Formation signature (Dag. A. Karlsen, pers. comm.).  

Geological setting

The pliosaur fossils in this study were excavated in 
2007 (PMO 214.135) and in 2008 (PMO 214.136) 
by the Spitsbergen Jurassic Research Group. For an 
anatomical  description of both specimens, see Knut
sen et al., 2012. The specimen was found in the Upper 
Jurassic  deposits  of the Sassenfjorden area of central 
Spitsbergen, Svalbard . The stratigraphic position is in the 
Adventdalen Group, Janusfjellet Subgroup, Agardh fjellet 
Formation , Slottsmøya Member (Dypvik et al. 1991; 
Collignon  & Hammer, 2012), which is dated as Mid
Volgian (see Hammer  et al., 2012 for discussion). 

The geology and paleontology of the Agardhfjellet 
Formation  have been investigated by several research
ers during the last 25 years (e.g., Nagy et al. 1988; de 
Buffrénil  & Mazin 1990). The extensive Jurassic deposits  
on Spitsbergen, Wilhelmøya and Kong Karls Land are 
several hundred metres in thickness (Vajda & Wigforss
Lange 2009).

In the Late Jurassic, several anoxic events occurred in 
the marine environment of northwestern Europe and 
the Arctic, and this resulted in the deposition of organic
rich shales, which are found today throughout the area 
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Irradiating the samples with a very highintensity (8W/
cm2), handheld, 366 nm UV diode probe revealed a 
distinct  fluorescence emission from the mineralised 
skeletal intraporosity in both hand specimens. A closer 
investigation of the untreated rough specimens revealed 
that sample L showed faint yellowing fluorescing patches, 
whereas the D sample was rich in both yellowish and 
bluish fluorescing patches. Using a 3x loupe, while still 
irradiating the samples with 366 nm light, it became 
apparent that the fluorescence emission could not only 
represent common mineral autofluorescence but rather 
fluor escing clustering blebs reminiscent of hydro carbon 
fluid inclusions as found in petroleumbearing reser
voir rocks (Kihle, 1995a, b). Fluid inclusions are fluid
filled vacuoles sealed within minerals. When trapped 
within diagenetic minerals, they provide the only direct 
means of examining the fluids present in ancient diage
netic environments. Such fluid inclusions can be thought 
of as time capsules storing information of ancient tem
peratures, pressures and fluid compositions (Karlsen et 
al. 1993; Nedkvitne et al. 1993).

Prior to making any thicksections, both the L and the 
D samples were carefully cut with a diamondblade  and 
subsequently polished to obtain a handspecimen pris
tine surface (Fig. A1). This would ease visualisation 
when irradiated by 365/405 nm UV/V, to detect what 
kind of fluids  may be present, and to obtain  an over
all view of their apparent relative petrographical distri
bution in each of the two samples. Based on this pre
liminary visual information, minor domains were then 
selected for making optimised fluidinclusion wafers for 
microspectroscopy and microthermometric analysis.

Based on the apparent presence of petroleum fluid 
inclusions in the vertebrate samples, preparation tech
niques optimised for making fluidinclusion thin sec
tions were applied (Kihle & Johansen 1994; Kihle 1995a). 
Sub sequently,  fluidinclusion wafers were subjected to 
fluor escence microscopy, fluorescence emission micro
spectro scopy (Kihle 1995b), microthermometry (Gold
stein & Reynolds 1994 and references herein) and gas
chromatography (Kihle et al., 1995).

from West Siberia to North Alaska (Dore 1991). The 
Slottsmøya Member consists of mainly darkgrey to 
black shales (commonly named paper shales), with 
some discontinuous silty, sideritic beds and sideritic and 
dolomitic concretions. The organic carbon content var
ies between 1.5% and 12% (Nagy et al. 1988. Hammer 
et al. 2012), i.e., making this a source rock albeit often 
with rather moderate HI values. The Agardhfjellet For
mation has been interpreted as an open marine shelf 
deposit with low oxygen conditions, and the Slottsmøya 
Member as a deep shelf accumulation with offshore bars 
(Nagy et al. 1988; Dypvik et al. 1991). The area is argued 
to have been some hundred kilometres east or south of 
the shoreline (Dypvik et al. 2002). Methane seeps, found 
by the Spitsbergen Jurassic Research Group, might have 
influenced the ecosystem (Hammer et al. 2011). 

Since 2004, a highlatitude, Jurassic marine fauna has 
been discovered at this locality and in the surround
ing areas, consisting of ichthyosaurs, pliosaurs, plesio
saurs, and invertebrates (Hurum et al. 2012). Seven field 
seasons  have revealed one of the richest sites for Jurassic  
marine reptiles and the best Jurassic seep carbonates 
worldwide. 

Material and Methods 
The vertebra of a pliosaur studied here (PMO 214.135) 
originates from the Holotype of Pliosaurus funkei. The 
vertebra that was selected as a candidate for this study 
was found exposed at the surface, and is light greyish in 
appearance (Fig. 1 A).

The second sample used in this study is a small part 
of the surangular of the partial skeleton of Pliosaurus 
funkei (PMO 214.136), blackishgrey in color, excavated 
at approximately 2 m depth and much less weathered. 
Both fragments are from about 12 metre long Pliosaurus 
funkei individuals (Knutsen et al. 2012) excavated dur
ing the 2007 and 2008 field seasons. These two samples 
are hereforth referred to as sample “L” (for light PMO 
214.135) and “D” (for dark PMO 214.136). A section of a 
leatherback turtle (Dermochelys coriacea) PMO 220.789 
was used for comparisons. 
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Figure 1 (opposite page). A. Overview of sample L displaying mineralized intra-skeletal macro-porosity, approximately 4 cm across,  vacuum 
impregnated with a customized non-fluorescing blue epoxy resin (visible in the right part of the image), discretely diamond-blade cut and sub-
sequently polished to obtain a hand specimen pristine surface. Note the slightly darker color in the core of the vertebra. A2. Sample D. Single 
intra-skeletal pore wholly filled with calcite rhombs, subsequently also barite. Crossed polars. Field of view = 2500 µm. B1. Sample D. Primary 
HCFI in early precipitated Calcite followed by secondary HCFI trails in subsequently precipitated Barite. Note the cross-cutting HC migration 
path throughout the inter-skeletal fractures. Combined 365 nm UV and transmitted white light exposure. Field of view = 1500 µm. B2. Sample 
L. Phantom growth zones in a single pore filling Barite crystal made visible by prolonged exposure at 365 nm irradiation, also showing primary 
(p) AqFI along barite crystal growth plane and secondary (s) trails of HCFI (both type 1 and 2) crosscutting barite growth zones (superimposed 
multiple time exposure image). Field of view = 1500 µm. C. Sample L. Late trail(s) of yellow fluorescing secondary HCFI in recrystallized frac-
tures in barite crosscutting multiple fractured skeletal pores, caused by local stress to the sample (post barite mineralization). Combined 365 
nm UV and reflected white light image. Field of view = 18 mm.
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tension/stress of the skeleton after mineralisation of the 
porosity has ceased. Aqueous and hydrocarbon fluid 
inclusions of multiple generations occur in both calcite 
and barite. Trails of secondary hydrocarbon fluid inclu
sions are commonly observed in the recrystallised barite, 
some extending throughout the whole specimen as seen 
in sample L (Fig. 1C). 

Fluorescence emission spectroscopy

As readily observed in the two rough hand specimens, 
petroleum trapped as fluid inclusions  exhibits differ
ent fluorescence emission colors indicative of composi
tional variations of the polyaromatic compounds (Burrus 
1981, Burrus et al. 1985; Khorasani 1987; Dumke & Tes
chner 1988; Bodnar 1990; Barker & Kopp 1991; Lakow
icz 1991; Kihle 1995a,b; Stasiuk & Snowdon 1997; Skaare 
et al. 2011).  By applying dedicated integral algorithms 
to the resulting, single petroleum, fluidinclusion spec
tra, it is possible to coarsely correlate fluorescence emis
sion to petroleum compositions. This has been done for 
some 120 different petroleum reference samples from 
the North Sea, Barents Sea, Oman and Britain, ranging 
from gas condensates to asphaltenerich compositions. 
The resulting fluorescence emission integral quotient 
Q580 shows a correlation to petroleum composition (°API 
gravity) better than 0.95 (R2) (Skaare et al., 2011) (Fig. 
2A). API is assumed to increase with increasing maturity 
inside the source rock, relevant to expulsion and primary 
migration. During secondary migration phase fraction
ation will split petroleum into gas + oil. The gastooil 
ratio (GOR) will hence be bimodal whereas the maturity 
remains singular. GOR shows a coarse correlation with 
API because gas contents inflict density, i.e., API. Hence 
API is not a proxy for maturity of migrated petroleum, 
but merely density that also may be modified by water 
washing and biodegradation.

The correlation of API and Q580 has been commercially  
applied in the Hydrocarbon Core Scanning™ fluorescence  
spectroscopy instrument (HCS™), scanning some 300 
cored wells since its launch in 1994 (Kihle & Throndsen 
1996a, Kihle & Throndsen 1996b EU patent). Applying 
the Q580 algorithm to a variety of primary and second
ary fluid inclusions measured in both samples (Fig. 2A 
& B) shows that petroleum compositions correspond to 
a range of petroleums from light oil to heavy oil types of 
fluids trapped as inclusions.

Most commonly observed are secondary trails of blue 
and yellowish fluorescing inclusion clusters (Fig. 3A). 
Detailed highmagnification images of the same trails 
as seen in Fig. 3A & B of blue and greenish yellow 
fluorescing  HCFI are shown in Figs. 3C & D, referred 
to as HCFI type IS and HCFI type IIS,  respectively. Less 
common are clusters of secondary aqueous inclusions 
(AqFI type S), isolated primary aqueous inclusions (AqFI 
type P), isolated blue primary (HCFI type 1P) and yellow 
primary (HCFI type IIP) inclusions, and minor trails of 

Institutional abbreviations 

PMO Palaeontological Museum Oslo (now a part of the 
Natural History Museum, University of Oslo).

Abbreviations used in the table and figures

°API  The American Petroleum Institute gravity, 
or API gravity, is a measure of the density of 
oil (API = 141,5/density – 131,5; density mea
sured at 15º C. If its API gravity is greater than 
10, it is lighter and floats on water; if less than 
10, it is heavier and sinks. API gravity is thus 
an inverse measure of the relative density of a 
petroleum liquid and the density of water, but 
it is used to compare the relative densities of 
petroleum liquids.

AqFI   aqueous fluid inclusions 
AqFI type P  primary aqueous fluid inclusions
AqFI type S  secondary aqueous fluid inclusions
HCFI   Hydrocarbon fluid inclusions
HCFI type 1P  Hydrocarbon fluid inclusions, blue fluor

escing, primary 
HCFI type IIP  Hydrocarbon fluid inclusions, yellow 

fluor escing, primary 
HCFI type IS  Hydrocarbon fluid inclusions, blue fluor

escing, secondary
HCFI type IIS  Hydrocarbon fluid inclusions, greenish 

yellow fluorescing, secondary
NSO-1  A Norwegian reference oil (international 

standard ) used in geochemical analysis com
parisons

Th  Temperature of homogenisation, i.e., the tem
perature where the last remains of a gas bubble  
in a twophase, gasliquid fluid inclusion 
homogenises to one single phase (to a liquid 
phase for the inclusions here described)

Q580  fluorescence emission integral quotient; the 
fluorescence emission spectral integral from 
580 to 700 nm divided by ditto integral from 
400 to 580 nm

Petrography & diagenetic evolution
The skeletal pore structures of the pliosaurus vertebrae 
are mineralised mainly by barite, and to a lesser extent 
also by calcite. A nonidentified mineral phase similar in 
appearance to kaolinite has been observed as a rarity in a 
barite setting. No other mineral phases have been identi
fied in the pores. The earliest phase to precipitate in the 
primary skeletal porosity is calcite followed by precipita
tion of barite (Figs. 1 A2 & B1). Barite commonly shows 
signs of being precipitated from heterogeneous solutions 
based on the sudden changes in fluorescence behavior of 
altering growth zones, likely to be caused by the incor
poration of trace amounts of Mn2+ and Sr2+ substituting 
for Ba2+ (Fig. 1 B2). The weak autofluorescence of bar
ite also reveals major sections of recrystallisation due to 
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Figure 2 . A. Correlation plot of petroleum density (°API) versus Q580 based on 120 petroleum standards (Skaare et al., 2011), onto which 4 
representative Q580 spectral HCFI analyses (from Fig. 2B) have been superimposed (line colors on graph reflect visual fluorescence emissions), 
representing the total range of hydrocarbon compositions encountered. The deep blue fluorescing inclusions correspond to medium density 
oils (°API 36), whereas the most commonly occurring yellowish fluorescing inclusions correspond to heavy oil compositions (°API ≈20). The 
reddish brown, low Th HCFI’s corresponds to a bituminous composition heavier than water (°API 9), inconsistent with other observations. 
See text. B. Distribution of normalized fluorescence emission spectra from representative deep blue, light blue, greenish, yellowish and orange 
fluor escing HCFI with corresponding Q580 values, as applied in Figs. 2A & 4D.
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Figure 3. A. Sample D. Trails of blue (early) and yellowish (late) fluorescing HCFI in a single skeletal pore volume. 365 nm UV image. Field 
of view = 1500 µm. B. Same section as A in transmitted light. Field of view = 1500 µm. C. Sample D. Close up of section A displaying trails of 
early bluish fluorescing HCFI of a medium oil composition. Homogenization temperatures within 60-63 °C. Field of view = 500 µm. D. Sample 
D. Close up of section A displaying trails of late greenish yellow fluorescing HCFI of a heavy oil composition. Homogenization temperatures 
within 51-58 °C. Field of view = 500 µm. E. Sample L. Distinctly reddish brown colored HCFI homogenizing at a low 47-51 °C. Largest inclu-
sion measures 12 µm.
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(HCFI type IIS) and are assumed to represent the young
est fluid capture during an episode of static deformation 
and confined barite recrystallisation, as illustrated in Fig. 
1C, homogenise at Th 5255 °C. 
The few distinctly colored inclusions exhibiting an 
unusual orange fluorescence emission (Fig. 3E) homoge
nise at a low Th of 4751 °C. 

Intra-skeletal hydrocarbons

In order to verify potential decrepitation in some of the 
fluid inclusions, a single fluid inclusion chip was sub
jected to temperatures up to 300 °C, whereupon light 
beige hydrocarbons were released as a film in between 
the sample segment and its supporting quartz glass wafer. 
This release of hydrocarbons is due to the expansion of 
absorbed petroleum within the skeletal microporosity.

Geochemistry 

Hydrocarbon compositions deduced from Q580 - °API 
density correlation

As illustrated in Figs. 2A & B, HCFI compositions vary 
from Q580 0.18 to Q580 0.46 corresponding to a range from 
medium to heavy oil compositions. Based on the high 
occurrence of the yellowish versus the low frequency 
of bluish fluorescing hydrocarbon fluid inclusions in 
the samples studied, the overall composition is biased 
towards heavier compositions.

The reddishbrown  inclusions with the lowest Th  yet 
measured (4751 °C) corresponds, according to Fig. 
2A, to asphaltenerich compositions outside the range 
of previ ously measured reference samples. However, as 
previously stated, such a composition is contradicted 
by heating stage observations indicating a nonviscous 
fluid, like water. An °API < 10 (Q580 0.79) fluid would, in 
classical terms, represent a very highviscosity tarlike 
fluid.

Gas Chromatography

One destructive HCFI analysis (Kihle et al. 1995; Hurai 
et al. 2002) has been made on a section of the L sample , 
dominated by yellowish fluorescing HCFI (Fig. 1C). The 
resulting chromatograph (Fig. 4A) shows evidence for a 
pristine petroleum with negligible biodegradation show
ing distinct alkane peaks, somewhat heavier than for the 
NSO1 petroleum reference (Fig. 4B) run at identical  
conditions. The NSO1 is the Norwegian Geochemi
cal Standard North Sea Oil (Pedersen et al., 2006, and 
references herein) and represents an Upper Jurassic
sourced oil (Kimmeridge) from the Oseberg Field with 
an °API signature of 32.9 run for reference comparison. 
The inclusions selected for GC measure at Q580 0.40
0.46 corresponding to a lower ºAPI of 2023, i.e., heavier 
oil. (Compare the correlation plot in Fig. 2A where 

greenishyellow fluorescing secondary inclusions (HCFI 
type IIS), all hosted in barite. As a rarity, a few minute 
bluish fluorescing clusters of primary HCFI are found 
along rims in calcite (Fig. 1 B1).  However, a few inclusi
ons exhibit a visual and fluorescence emission behaviour 
that  has not previously been reported from reservoir 
rocks; these inclusions are distinctly reddishbrown col
ored (Fig. 3E) with a brownishorange fluor escence emis
sion when exposed to 365 nm UV. Their fluorescence 
spectra return a Q580 of a high 0.79 (Figs. 2A & B), which 
is outside the scope of the plot, indicative of a highly vis
cous asphaltenerich composition with a density higher 
than water (°API < 10). Nevertheless, their small gas 
bubble changes position somewhat when taken in and 
out of the white microscope condenser light, indicative 
of a viscosity similar to water and rather low, gasliquid, 
homogenisation temperature conditions (Roedder 1984). 

Microthermometry
By gentle heating of the fluid inclusion, using a dedicated 
microscope heatingstage, to the point where the gas 
bubble completely disappears, a minimum temperature 
of fluid trapping is obtained. The actual temperature of 
trapping may be slightly higher, depending on fluid com
position and trapping pressure. The hydrocarbon fluid 
inclusions are assumed to be in equilibrium with meth
ane, hence the potential discrepancy between minimum 
trapping temperature and true temperature of trapping is 
assumed to be negligible in this context. Altogether 115 
inclusions have been measured, of which 65 were HCFI.

Aqueous inclusions

Most primary aqueous inclusions (AqFI type P, see Fig. 
4) homogenise within a Th of 105 107 °C with Gauss
ian tails in the range of Th 101 to 115 °C (Fig. 4C). All 
measure ments are from barite  the inclusions hosted 
in calcite were all too small to be measured. Secondary 
aqueous inclusions (AqFI type S) tend to homo genise 
at somewhat lower temperatures than their primary 
counter part in a narrow Th range of 8892 °C. 

Hydrocarbon fluid inclusions

All HCFI are found to homogenise within 47 to 71 °C 
(Fig. 4C).  HCFI type IP inclusions homogenise within a 
window of Th 6367 °C. HCFI type IS inclusions homoge
nise at Th 5963 °C. A detailed combined fluorescence and 
white light image of a measured inclusion trail is shown 
in Fig. 3C (close up of the image shown in Fig. 3A). 
Greenishyellow fluorescing inclusions (HCFI type IIS) 
within the very same baritefilled pore volume that hosts 
the above mentioned blue fluorescing inclusion trail, 
homogenises at a discretely lower Th of 5258 °C (Fig. 
3D). 
The yellowish fluorescing inclusion trails that crosscut 
right through multiple pores in both sample D and L 
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Figure 4. A. GC chromatogram (FID) of the hydrocarbons residing as HCFI in the skeletal porosity of sample L run at identical conditions as for the compa-
rative chromatograms of leatherback turtle (Fig. 5B) and  Norwegian standard reference oil NSO-1 (Fig. 4B). Pristane (Pr) and Phytane (Ph) peaks as used in 
Fig. 4EF are marked in red. B. Petroleum reference GC chromatogram (FID) of the Norwegian standard oil NSO-1 run at identical conditions as for the GC 
chromatograms in Figs. 4A and 5B. C. Fluid inclusion histogram (BIN 3°) of all 115 inclusions measured. HCFI inclusions (65) populate the lower temperature 
range; AqFI inclusions (50) the higher temperature range. D. Correlation plot of HCFI homogenization temperature (Th °C) versus Q580 displaying an incli-
nation of increase in petroleum maturation (increase in density) with decreasing temperature. The four uppermost inclusions represent the anomalous HCFI 
that represent candidates for a potential animal biased origin. Number of inclusions measured = 65. E. Pristane/Phytane ratio of the L sample in comparison 
to the NSO-1 standard indicative for a dysonic depositional environment for the source rock (Shanmugam 1985, Hunt 1995). F. Pristane/n17 versus Phytane/
n18 plot indicative of a Upper Jurassic Shale source (Hunt 1995) with a slightly more terrestrial depositional input than for the NSO-1 standard. G. Source rock 
maturity designation plot (CPI) indicative for an early mature source rock having been exposed to a maximum burial of 2800-3000 m (Shanmugam 1985).
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alteration (Fig. 5A). Their gas bubbletoliquid ratio 
(GLR) is commonly large and they will not homoge
nise at constant temperature conditions when subject 
to microthermometric heating/freezing cycles. The low 
GLR, reddishbrown, low Th fluid inclusions found in 
sample L (Fig. 3E) exhibit low viscosity, not likely to rep
resent a bituminous liquid. The first author has observed 
and measured hydrocarbon fluid inclusions for three 
decades, mainly from Norwegian offshore localities and 
no similar observations come to mind. The documen
tation for the other hydrocarbon fluid inclusions repre
senting various stages of petroleum evolution is confi
dently established. Assuming a hypothesis of the pliosau
rus vertebra once being oilfilled (Liebe & Hurum, 2012) 
similar to extant marine reptiles and mammals, the odd 
fluid behaviour observed in these few isolated inclusions 
in barite (Figs. 3E & 4D) may be related to a potential 
lipid (animal oil) content or fluid contamination.

A thinsection of a humerus of an extant leatherback 
turtle (Fig. 5C) resembles somewhat the macroporosity 
observed in the pliosaurus samples (Figs. 1A & C). The 
resulting hydrocarbon signature of the fatty matter inside 
the macroporosity of the turtle gives a distinctly different 
GC diagram (Fig. 5B) than for the reference petroleum 
(Fig. 4B) and yellow fluorescing hydrocarbon inclusions 
GC diagrams (Fig. 4A) that are expected to also repre
sent petroleum. 

Conclusions and further work

Liquid petroleum as fluid inclusions trapped in barite 
and calcite found in pores of bone from Pliosaurus funkei 
represent various phases of petroleum density evolution. 
Calcite predates barite precipitation. Microthermom
etry reveals a continuous lowering of minimum trap
ping temperature conditions as newer episodes of fluid 
inclusion entrapment progresses; along with the com
positions of the fluid inclusions trapped petroleum pro
gressively become denser, indicative of an uplift sce
nario. The composition of the most prominent type of 
trapped petroleum inclusions  is indicative of an Upper 
Jurassic source rock buried to a maximum of 2300
2500 m depth. The presence of a few anomalous hydro
carbon fluid inclusions strongly differing from ordinar
ily or biodegraded petroleum inclusions may contain 
remnants of an animal origin. More analyses are hence 
needed. A careful microscope laser cutting of the fluid
inclusion chip part containing the deeply colored, low Th 
inclusions should be made; to be followed by controlled 
fluid decrepitation directly into a GC inlet, so that the 
subsequent GC diagram may be compared to the turtle 
GC signature. Independently, more samples may be pre
pared to find more of these anomalous fluid inclusions 
subjected to addition al biomarker methods, to verify or 
reject a potential Jurassic animal origin, bearing in mind 
that biomarkers are defunctionalised and not identical to 
what is found in living matter.

the NSO1 sample is noted by a red star versus the yel
low ring designating a representative yellowfluorescing 
HCFI from the trail depicted in Fig 1C.)

The biomarkers pristane/phytane (Pr/Ph ratio), a well
established  indicator for an oxic/anoxic depositional 
environment (Connan 1984; Shanmugam 1985; Hunt 
1995), give a value close to 2, similar to depositional con
ditions for Upper Jurassic shales (Fig. 4E). The ratios 
between PrnC17 and PhnC18 (Fig. 4F) (cf. Shanmugam 
1985) and nC28nC29nC30 distribution (Fig. 4G) cor
respond to an estimated vitrinite reflectance value of 
0.70.8. The corresponding depth for such a value will 
depend on the geothermal gradient. Using data from 
Throndsen (1982), who was the first to systematically 
study vitrinite reflectivity profiles on  Svalbard, we sug
gest a generation depth of about 23002500 m.

Discussion
Based on combined petrographical observations, cross
cutting relations of fluid inclusion marked micro fractures 
and microthermometry, we interpret the earliest  trapped 
fluids as being primary aqueous inclusions occurring in 
calcite and in barite close to the boundary toward the 
skeletal matrix, followed by (or penecontemporaneously 
with?) isolated, bluishfluorescing, primary inclusions 
(HCFI type 1P) in the vicinity of AqFI type 1 in barite. 
These inclusions homogenise at the highest measured 
temperatures. Subsequently trapped hydrocarbons are 
heavier in composition and homogenise at lower tem
peratures (Fig. 4D). The inclusions homogenising at the 
lowermost end of the temperature scale are also those 
which, according to fluorescence spectroscopic °API 
density correlations (Fig. 2A), represent the most dense 
hydrocarbons as asphaltenerich bitumens. 

According to Throndsen (1982) some 10001500 m of 
Tertiary deposits were eroded during the postorogenic 
uplift of Svalbard. Our observations of decreasing API 
(increasing density) with decreasing temperature (Fig. 
4D), may be related to secondary changes of migrated 
petroleum during this uplift (Karlsen et al. 2004; Karlsen 
& Skeie 2006), and not related to the source rock poten
tially maturing (i.e., biomarker Pr/Ph ratio (Fig. 4 EFG) 
reflecting depositional conditions for the Upper Jurassic 
shales).

The behaviour of the deeply colored, low Th inclusions is 
nevertheless enigmatic. Fluid inclusion studies in petro
leum reservoirs sometimes reveal inclusions that exhibit 
an odd behaviour; either in the form of consistent, but 
anomalous, Th due to inclusion neckingdown phenom
ena (post fluid entrapment alterations due to recrystal
lisation) or the formation of a few brownishcolored 
inclusions. These colored inclusions always represent 
highviscosity decrepitated (punctured) inclusions that 
have been prone to biodegration and overall chemical 
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Figure 5. A. Sample D. Typical example of a fluid post-trapping phenomenon referred to as “necking-down”; a once homogeneous large HCFI 
where one part of the inclusion (yellow fluorescing) has partly decrepitated becoming subjected to biodegradation and chemical alteration 
giving irreproducible Th at T > 200 °C (large gas-to-liquid ratio), whereas the unaffected bluish part (small gas-to-liquid ratio) still gives 
reproducible Th close to 60 °C, similar to Th of other bluish fluorescing HCFI found elsewhere (compare Fig. 3C). B. 365 nm UV image of a 
thin-section of a humerus of an extant leatherback turtle (Dermochelys coriacea) made perpendicular to the humerus elongation, displaying 
a skeletal pore structure similar to that observed from Pliosaurus funkei (compare Figs. 1A & 1C ). Intra skeletal pores still containing fatty 
oils exhibit a whitish fluorescence in contrast to the blue fluorescing bone framework. Empty pores are black. Field of view = 3500 µm. C. GC 
chromatogram (FID) of the fatty oils residing in the skeletal porosity of a leatherback turtle (Dermochelys coriacea) run at identical conditions 
as for the comparative chromatograms of petroleum inclusions of sample L (Fig. 4A) and  Norwegian standard reference oil NSO-1 (Fig. 4B). 
Lack of compatible GC standards restricts the identification of the major peaks in the chromatogram. (IS = Internal standard = deuterium 
substituted C20-alkane.)
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