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1 Interpretation Report

1.1 Executive Summary
One of the objectives ohe Nova Scotia Department of Energy (NSDwiel Geological Survey of

Canada (GSC) cruise on the Scotian Slope that took place iduday 018 was to followp on the

2015 and 2016 investigations of natural petroleum seeps in this area. This cruise again used the CCGS
Hudson. Because an Autonomdusderwater Vehicle (AUV) was used on this cruise and space on the
ship was limited, gravity rather than piston cores were collected. Core locations were selected based on
seismic available to the NSDoE and data collected onboard, including by the AYtenQmhvity cores

were available for geochemical sampling. Eleven headspace andfthrtyediment samples were

collected from these cores.

Site 7 was at the same approximate location as 2016 site 41 where a thermogenic gas hydrate was
found as well a strong evidence for subsurface petroleum seepage. These results were confirmed by
the data collected at 2018 site 7 which also found a shallow thermogenic gas hydrate and evidence for
abundant thermogenic hydrocarbons in sediment samples. The presemndeastociated gas and

higher molecular weight hydrocarbons suggests they were generated from-proai source rock.
Microbiological and visual evidence has confirmed the geochemical evidence of subsurface petroleum
seepage in this area. However, nadance for a seep was shown by samples collected at site 6 that had
a surface location only 380 m from site 7. This confirms the results of earlier workers who found that

geochemical indications of seeps are generally only found very close to where ttoedjabns vent.

The only other 2018 site to show possible evidence for being in proximity to a hydrocarbon seep is site
21. While the two deeper sediment samples from this location show elevated amounts @t 6-

alkanes and more mature biomarker dibuitions, headspace gas samples, diamondoid concentrations,
and data from the two shallower sediment samples, as well as from site 22 located only about 100 m
away, do not support the presence of a high enough abundance of thermogenic hydrocarbons to

indicate a petroleum seep near this location. However, it cannot be ruled out.
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1.2 Introduction
Naturally occurring hydrocarbon seeps can provide evidence of working petroleum systems in areas that

have not been drilled. They can be detected by satdhitagery and surface cores. Satellite evidence is
often subjective and hence is usually followed up with surface core sampling to provide stronger
evidence of actual occurrence. Geochemical analysis of the core samples can differentiate biogenic and
thermogenic hydrocarbons and, if the latter are present, potentially identify possible petroleum systems
including the age and type of source rock. The geochemical work on samples from this cruise is being
done in collaboration with microbiological investigatiafshe cores for petroleum seepage at the

University of Calgary by Hubert andworkers.

This report presents the geochemical data obtained fromNtas-June 2018, off-shore Nova Scotia
piston-coring cruise, that was organized by the Nova Scotia Department of Efibeg2018 cruise

revisited sites that had been found to be interesting from the 2015 and 2016 cruises with an
Autonomous Underwater vehicle (AUYHis cruise, like he previous ones on the Scotian Slopsed

the Canadian Coast Guard Ship (CCGS) Hudsetartunately, a lower number of sites were cored than
expected resulting in only mallnumber of samplebeingtaken This waslue to a combination fothe
collaborative nature of the cruise and decisions made by the Captain of the Hudson due to wAather.

for the 2015and 2016cruises (Fowler and Webb, 2012017, the primarygeochemicabbjective was to

look for evidence of a working petroleum syst®n the deep water Scotian Slope and, if this was
successful, determine whether an oil or gas prone source rock was present, as well as determine if any

other characteristics of this source rock could be identified such as its age or depositional eevitonm

In 2018, only ten gravitycores were opened onboard the Hudsdmm which33 frozen sediment
sampleswvere takenfor possible extract analysis and 11 sediment samples in isojars for headspace
analysis2 isojar samples were also analyzed as sediraétat headspace analysis was completa. A
additional three coresvere collected that werdransported sealed to the GS&lantic (GSE\)for their
scientific purposes. A total of four box cores watsotakenfrom which no geochemical samples were

colleced.

From a geochemical perspective, the most significant site sampled in 2018 was site 7. This is at the
approximate same position as 2016 site 41 that showed the best evidence fsudialge petroleum
seepage of the locations cored in 2015 and 2016udioy thermogenic gas hydrate. 2018 site 6 showed

no evidence of hydrocarbons and is within 0.5 km of 20Z&nd 20161 based on surface location
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although this may not be reflected in the sea bottom position. In 2500 m water depth a core can be up

to 500m from its target by deviating justfrom the vertical.

Sites 13 to 19 are close to 2016 sites 48 and 49 where biogenic gas hydrates were found but which
showed no evidence for a significant thermogenic component. Sites 21 and 23 are in the vicinity of the

Cheshire 197 well drilled by Shell in 2042016 and 2016 site 30.

Ty Sable Island

A Bank

Emeraid
Bank

Figure 1 Location map of 2018 gravity core locations, as well as those of 2015 and 2016 piston

sites and wells in the vicinity of this part of the Scotian Slope, offshore Siootia

Recoveredjravitycoreswere upto 7.2 mlong but generally significantly less was obtained. Cores were
inspected for indications of obvious hydrocarbon staining or odour, and sandier horizamaples of
samples are shown in Figure&2sample was collected immediately near the base of easfoo the
headspace gas sample. This was put into a 500 ml isojar and flushed with nitrogen before sealing. If

obvious signs of gas, including gas cracks, bubbling or a strong odour were evident, more headspace gas

4
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samples were takerOn this cruise, onlgore 2018007 exhibited obvious evidence of the presence of
gas.Multiple sedimentsamples were collected from each core for extraction, ranging from the deepest
portion to generallywithin about a metre of the top of the core. A depth of one metre mahies

assumed end of the oxic zone within the sedimeiidwever, the most crucial core from the 2018 cruise
from a geochemical perspective, that from site 7, obtained significantly less than a metre of sediments.
Therefore, out of necessity this core was gded over a depth of 3@0 cm. As discussed later this still
provided very interesting result® summary of samples is includedTablel. Replicate backp

samples were collected at each depth. Samples were wrapped in Al foil, placed in Ziploc bstgseahd

at -20°C to-30°C until analysis.
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Figure 2. To the left is core 201807 (AB) where the darkened sediment colour is present an
the right is core 201821 where the more common red brown mud occurs throughout and
bioturbation is observed ingrupper part of the core
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Gas samples were analysed for their composition and where there sufficient hydrocarbons,
isotopically.Thirty-five sasdiment samples were analysed for their Total Organic Carbon (TOC) content,

by RockiEvalextracted and the total extract analysed by gas chromatography. A subsitetbtal

extracts was fractionated and analysed by Gas Chromatograptass Spectrometry (GK2S).Six

samples were analysed for diamondoiddix samples were also analysed IGYMESMS. These included

three from the 2018 cruise, two samples from 2016 and one from 2D&#fils of the analytical

YSGK2R& Oly 0SS ¥F2dzyR Ay (KS WOELISNAYSyidlt tNBOSRUz
NSQL is the laboratory standard.

1.3 Results
Headspace Gas Analyses

Results from the compositional analyses of headspace gases are shown in Table 8 and results from
isotopic analyses in Table 9. The only site with high concentrations of hydrocarbon ahgidronarbon
gases, including measunie quantities of &G gases was site 7 which may reflect the observation of gas
hydrate in this core. Approximately 5ppm ofSHvas measured onsite with a handheld detector close to
core 7. 5ppm is considered the safe working limit fe8 Bnboard théHudson and therefore this core

was sampled directly from the whole core liner without first being split. This means the replicate
samples will have some variability. TH&C values of methane from the two site 7 samples-&6eand-

51: suggesting this has a largely thermogenic origin. On a Bernard diagram (Figure 3), and alplot of
methane versus *Gmethane (Figure 4), the 2018 site 7 samples unsurprisingly plot close to those from
2016 site 41, suggesting-@itsociated gas, based the fields suggested by Whiticar (1994). Recently
Milkov and Etiope (2018) have proposed revised diagrams for natural gas based on considerably more
samples than those used by earlier workers when the diagrams were originally proposed. The site 7
samples plot in the oil associated gas areas of tf&-G versus @(C+G) andt *GG versust 2H-G

plots of Milkov and Etiope (2018), which are equivalent to Figures 3 and 4. The eth&i@df28: 0

and propane (+1°C of-23.5: Oat site 7 are isotopicallheavy. Based on other gas characteristics, this is
likely due to biodegradation/oxidation of these gases rather than these gases having a highly mature

source.

Site 15 was the only other 2018 site with a significant quantity of methane detected !X®ef this

methane was105;: indicating it has a biogenic origin.
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Analysis of Sediment Samples

Sediment samples from each of the cores collected in 2018 were analysed. Three samples from sites 6
and 7 were analysed because of their proximity to 2016 site 41. It should be noted that because of the
low amount of core obtained from site 7, less than 0.5 m, the three samples are from adjacent parts of
the core at 0.320.34 m, 0.340.38 m, 0.38).43 m. Gas hydrate with a slivered appearance was observed
on deck at the base of the core (C. Campbell, perant9, although it had fully dissolved before it could

be sampled. The cldike, light coloured sediment found to be associated with hydrates was present, as
was the cottage cheese like sediment texture associated with moving gas. Each of the sedimdes samp
was analysed for its total organic carbon (TOC) content, by-Realk and extracted. The extracted

organic matter (EOM) was analysed by gas chromatography (GC).

TOC and RoeEval analyses

The sediment samples all have low TOC contents (Table 6hgadngm 0.12 to 0.69%. Site 7 had some
of the lowest TOC contents, ranging from 0.28 to 0.30%. The sample with the highest TOC content was
from site 23 1.30L.35 m with 0.69%.

RockEval analysis was performed on the 2018 samples to see if it could basisedndicator in these

core samples of possible subsurface petroleum staining (Table 8). The HI values for this sample set were
all low ranging from 44 to 118 mg HC/g TOC, with most being between 45 and 70 mg HC/g TOC. The
sample with much the highestlléf 118 was from site 7 0.3234 but the other two site 7 samples had

values (71 and 63) that were not anomalous compared to those from other sites. Production Index (PI)
GKAOK Aa {mMkO{Mb{HO Aad | YSI &dz2NB5 @gemerateponWTNBESQ Ke&
anhydrous pyrolysis from the kerogen in the sample (S2). In conventional geochemical studies, it is
commonly used as an indicator of staining. Pl shows a range from 0.17 to 0.30 for the 2018 core
samples. In source rock studies such valuesldbe a possible indication of staining. For the 2018

cruise samples it is probably a reflection of their low S2 values. Site 7 which, as discussed later, is the
only site to show strong evidence of staining, had PI values of 0.20 to 0.26 and didmbostdrom

those sites which show no evidence of petroleum seepage. There was little correlation between S1 and

the amount EOM per kg of rock.

Based on this limited data set, Reeial type analysis does not offer an alternative cheaper way of

geochemicdy determining subsurface petroleum seepage into rearface sediments.

9
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Extraction

Table 10 shows results from the extraction and fractionation of samples. The amounts of EOM obtained
from the 2018 samples is generally very low ranging from 2.4 mg (&ite261.31 m) to 17.6 mg (site

14 4.884.93 m). In terms of EOM (mg/kg rock) or ppm, the range is 39 (site 1314182n and site 17
1.26-1.31 m) to 293 (site 14 4.8893 m). There is little correlation with the ReEkal S1 parameter.

There is also noorrelation with indications of petroleum seepage. Site 7 shows EOM (mg/kg rock)
values of 104131 which, although among the highest, are less than samples from sites 14, 17, 21 and 23
which show no or little evidence of thermogenic hydrocarbons. Thewlareless than most of the 2016

site 41 samples (16361) which were sampled from deeper depths than was possible at 2018 site 7.

A subset of nine samples were fractionated for more detailed analyses. The gross composition of the
EOM obtained from the 201&diment samples is generally similar. Hydrocarbons comprise 55.1 to
73.1% of the extract, saturated hydrocarbons 448/2% with the saturated/aromatic ratio 2.43199.

Site 7 samples all have a similar gross EOM composition with hydrocarbons rangirigp ficto 58.4%,
saturated hydrocarbons from 41.7 to 44.2% and a saturated/aromatic hydrocarbon ratio of 2.54 to
3.33.These are in the same range as recorded for 2016 site 41 samples although {B€. 2.08sample
from 2016, that showed the strongest eeice for seepage, had a much higher extract yield (361 ppm),
% hydrocarbons (63.9%) and saturated/aromatic ratio (4.42) than any of the 2018 samples.

EOMGC Chromatograms

Most of the 2018 gravity core samples showBOMs that are dominated bys3 n-alkanes with a
pronounced odd carbon number predominance and a large unresolved complex mixture (UCM) hump
under the Go-Gss n-alkanes (e.g. Figure 5). This is typical of sediments having a dominant recent higher
land plant contribution. &-Go N-alkanes ee in much lower abundance compared to their higher

homologues in these samples. These samples do not show a thermogenic hydrocarbon contribution.

Samples from site 7 have much higher amounts;:ef%s n-alkanes relative to the £5Gss n-alkanes than
most other 2018 samples (Figure 5b). This is also indicated by@#m-C+n-Cy) ratio in Table 2

which is higher than for most of the other samples. The site 7 samples also show a pronounced UCM
humpin the Gs-Goregion on which the +alkanes peaks are superimposed. This is most pronounced in
the 0.340.38 m sample (Figure 6). It suggests there has been biodegradation of taflses.

Preferential biodegradation of the-alkanes relative to thesoprenoids is supported by the site 7

10
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samples having the highest values for the pristar€/n(pr/Ci7) and phytane/rGs (ph/Cs) parameters
(Table 2).

There are some samples that show higher amounts €% n-alkanes besides the site 7 samples Figure
7). These samples are from locations where other depths do not show this feature. The depths at these
locations are similar; site 15 (48671 m), site 17 (4.04.06 m), and site 21 (4.54.56 m). Unlike the

site 7 samples, these samples do not show a W@dkr the G-Go n-alkanes.

a) ! Well: 2018041-00
Depth: 0.38-

0.43m
3607 Sample type: Mud
Well 2018041-014 t 9 Fraction: EOM
4.88- & APT-ID: 200067
4.93m i Analysis: GC-FID
32.04 Sample type: Mud 0 Analysis date: 27-Jul-18
Fraction: EOM = 3 Int. std. added: 10pl

Depth:

APT-D; 200079 Blank sample s subtracted.
Analysis: GCFID )
28.0{ Analysis date: -Jul- H Abundance

Int. std. added: i FID: 7.200e+1
Blank sample is subtracted. H

24.04 Abundance:
FID: 3.600e+1

16.04

12.04

8.0

40

Figure 5a)An EOM gas chromatogram from Site 14 488m,b) A EOM gas chromatogram from Site 7
0.380.43m
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3 s APT-ID: 200069
S Analysis GC-FID
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10 min. 20 30 40 50 60 70 80
n r 5 33
P2 well: 2018041-00
T q Depth: 0.34-
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g 2 Fraction: EOM
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Analysis: GC-FID
24.0 Analysis date: 27-Jul-18
= Int. std. added: 10 pi
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3
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20.0q e FID: 3.095e+1
16.04
12.04
8.0+
4.0
— T N T T T T T T T
10 min. 20 30 40 50 60 70 80
1 @
70.0 = well: 2018041-00
Depth: 0.38-
3 0.43m
S Sample type: Mud
3 3 Fraction: EOM
60.0 P APT-ID: 200067
- - Analysis: GC-FID
g 3 Analysis date: 27-Jul-18
= = Int. std. added: 10 pi
- Blank sample is subtracted.
50.0 S
= Abundance:
] FID: 7.200e+1
- g g
) ~ 8 =
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Fig. 6EOM gashromatogramf the three Site 7 sample&rom top to bottom, they are from

depths of 0.320.34 m, 0.340.38 m and 0.3®.43 m.
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Fig 7a)EOM gas chromatograned Site 15 3.28 and 4.66 m samples &&ite 17 3.27m and 4.01 ny

GCMS Analyses for selected saturated and aromatic compounds
GCMS analyses were done on a subset of the samples with the data shown in Tables 3 and 4.

The site 14 4.88 m sample is dominated by biologically inherited hopane and sterane isomers indicative
of recent terrestrial plant material and can be taken as ganeple of a background sample with no or

very little thermogenic component. The m/z 191 chromatogram (Figure 8a) hasith@&(H) 22R

hopane in much higher abundance than its 22S isomer and#E/QH)hopane. The thermally

immature Go17 (H) and & 17 (H) hopanes are also prominent in the m/z 191 mass chromatogram.
This sample has very low amount of tricyclic terpanes and rearranged hopanes. As shown by the m/z
217 mass chromatogram (Figure 8b), the sterane distribution is dominated by the bidiogibarited

5h (H),14 (H),17 (H) 20R isomers (aaaR) with the more thermally stable aaaS and abb isomers in much
lower abundance. There is a predominance gfo@er G; steranes and diasteranese in very low

abundance relative to the regular steranes.

13
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In contrast to the site 14 sample, the m/z 191 chromatograms of the site 7 samples (Figure 9a) show the
G 17" (Hrhopane higher than the£17" (H) 22R and£17 ,21 (H}hopanes. Tricyclic tegmes and
rearranged hopanes are also in higher relative abundance (Table 3). Compared to the site 14 sample, the
site 7 m/z 217 chromatograms (Fig 9b) show a higher abundance ofdtairt steranes, diasteranes,

bb and aa 20S steranes relative to the@aR sterane. There is also a lower proportion.e€@mpared

to Grand Ggsteranes (Table 3). Hence, site 7 samples show a greater thermogenic component
suggesting that they may be situated near a source of these compounds, such as where subsurface

petroleum seepage is occurring.

The other 2018 samples analysed by /€ show intermediate characteristics that are closer to those of
site 14. This is illustrated on a crealst of the % 27dbS parameter (an indicator of the relative amount

of diasteraneselative to regular steranes) ando@ 7" (H)/G1 17 (H) 22R hopane (lower values

indicating recent terrestrial contribution) (Figure 10a.). Most of the samples appear to plot on a trend

that shows increasing diasteranes with increasing relative abundartbe &%, 17" (H)hopane relative

to the G1 17" (H) 22R hopane. This is the trend that would be expected with increasing maturity.
However, site 7 samples plot off the trend by showing a higher amount of diasteranes relative to the
Go/Cs1 hopane ratio. Sit@1 samples show greater amounts agf Ropane relative to the £22R

hopane than the site 7 samples. As discussed later there is some evidence for a thermogenic component

at site 21, but it is not as strong as at site 7.

Plotting samplesN2 ¥ LINB @A 2dza & S| NRa -fiiiEiusedab) sipportsithke G KS al Y S
presence of two trends, one with most of those samples showing evidence of oil seepage (those that

show a higher relative abundance of diasteranes) and one with the remaminglas. Some of these

latter samples, such as samples from site 2826are thought to have a petrogenic hydrocarbon

contribution so this plot is not a perfect way of separating samples showing evidence for petroleum

seepage from those that do not.
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Figure 8a)n/z 191 andb) m/z 217mass chromatogram®r site 144.88-4.93 m sample.
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Figure 9am/z 191 and) m/z 217mass chromatogrami®r site 7 0.320.34 msample.
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samples

Site 7 is not easily distinguished from the other 2018 samples using the aromatic parameters in Table

4. For example, it does not show a signifibadifferent maturity from the other samples as

indicated by aromatic sterane cracking ratios (Crack 1 and 2, MSArol parameters) or the

distributions of methyldibenzothiophenes and methylphenanthrenes (MSAro2 and 3). Site 7 samples

have significantly higér values than other samples for the MSAro 4 and 5 parameters which are
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based on methylnaphthalenes and dimethylnaphthalenes. The latter can suggest higher maturity, but

Geochemistry Data Repddr 2018Scotian SlopeCoring Program

it is hard to explain why only parameters based on naphthalenes should distinguishetfTefrom

other 2018 samples. Additionally, many samples in previous years had similar or higher values for
these parameters which did not show evidence of petrogenic hydrocarbons. There are differences in
the m/z 231 and 253 mass chromatograms betw#ensite 7 and other samples because of the

lower relative abundance ofx§triaromatic and @ monoaromaticsteranes relative to their lower
molecular weight homologues (Figure 11). This reflects the lower amounts r@aive to G; and

Gg steranes in the saturate fraction and suggests the source of the petrogenic hydrocarbons at site 7

had a greater maria algal input.

Figure 11Crosd.Jt 20 2F (G KS LSIF{1a FGdNRO6dziSR (2 w/ H
i{/wny5a! YR hw/uT5al«ki{/npa! YR i{/ Hp5al
is provided after Table 15 in the report. This figure seaplified (Gs+G7)/Cos triaromatic steranes
versus (&+Gs)/Cye monoaromatic steranes crogsot using just four peak areas in the m/z 231 an
m/z 253 chromatograms respectively. Samples in top #igintd side of plot are those with a lower
contribution of Gg relative to Gz and Gg steroidal precursors.

GCMSMS Analyses

The most commonly used @€S method for detection of biomarkers such as hopanes and steranes
in geological samples is to monitor a characteristic fragment ion such as m/z 191 for hopanes and
m/z 217 for steranes. This is selected ion monitoring (SIM) and is the method that has been used to
date for the offshore Nova Scotia piston core sampleysea. Instead of monitoring a particular ion,

GCMSMS monitors a parentlaughter ion transition. For example, the m/z 460m/z 217

Pagel7





























































































































































































































































































































































































































































































































































































































































































































































































































































































