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Petroleum Geochemistry
Introduction

Understanding the generative system is central to assess the petroleum system(s) of the Nova Scotia margin. The search for the
source rocks generative of oil, gas & condensate discovered and yet to be discovered is therefore at the heart of the geochemistry
project.

Maturity, of course, is the engine of hydrocarbon generation from these source rocks. Petroleum system modeling, which is a
major part of the PLAY FAIRWAY ANALYSIS project, needs source rocks and maturity among many other elements and processes
to play with.

Source rock search

*Review of existing TOC/Rock Eval data. Most of these data are stored in the GSC database (http://basin.gdr.nrcan.gc.ca/index_e.php). Some not
entered in the GSC database were retrieved from the DMC database (http://ww1.cnsopbdmec.ca/dp/pages/apptab/ITabManager.html) requires an
authorization).

*New TOC/Rock Eval data to complement these databases were needed to verify and confirm existing data, to extent data control toward the western
margin and to check the pre-salt sedimentary series only penetrated by wells on the back shelf, where it is accessible at relatively shallow depths.

*Source rocks are not so evident to identify because drilling widely used oil-based mud. Other contaminants such as lignite, plastic, asphalt, rubber
and paint have also been used. As a consequence, Oil Geochemistry was applied on oil and condensates of the Nova Scotia margin for attempting to
identify oil families that would relate them to source rocks by their genetic signatures.

Oil and Condensates characterization

« Qil families identify the various types of source rocks they originate from (best case scenario). New GC and GCMS analyses of oil, condensates
and hydrocarbon fluid inclusions were carried out focusing on their saturate fractions. A study of fluid inclusion in salt (Argo Salt) was carried out
by Y. kettanah Professor Assistant at the Dalhousie University in Halifax as part of the Play Fairway Analysis project. Salt samples inclusions
filled with hydrocarbon were selected by Y. Kettanah and submitted to biomarker analysis in order to complete the dataset of the geochemistry
study.

» Hydrocarbon inclusions essentially used for assessing possible source potential in the Triassic and Lower Jurassic. Source rocks in this
interval are not documented because mostly not penetrated in the deep margin or not present (hiatus or unconformity) where penetrated.
Triassic or Early Jurassic source rocks are expected to be oil-prone either lacustrine (Type 1;~West African offshore Bucomazi analog) in
salt or post- salt situation and or marine (Type 2) in the Pliensbachian-Toarcian (Portugal, Morocco and French Schistes-Carton analogs).

*In the past, several attempts were made to characterize oil and condensates of the Nova Scotia margin. P. K. Mukhopadhyay (1990, 1991)
conducted biomarker analysis on aromatic fractions. The Geological Survey of Canada presented a poster by Fowler and Obermajer (2000) on Nova
Scotia oil families based on gasoline range compounds. These various approaches lacked references to genetic signatures capable of relating oil and
condensates to source rock type and environment of deposition. The most significant data in a genetic sense remain the “standard” biomarkers of the
saturate fraction and stable carbon isotope of oil and gas. Unfortunately there is no gas isotope data available in the various accessible databases
and no gas samples are available for carrying out analysis.

* For oil, condensates and bitumen extracts, carbon isotope data were acquired and reported on by Mukhopadhyay (1991). These data are
re-examined in this study.

» For “standard” biomarkers (saturates) of the Nova Scotia oil and condensates no database was ever constituted. There is only a few
fingerprints, one of which is displayed in the Geological Survey of Canada poster by Fowler and Obermajer (2000). The reason evoked is
that oils and condensates are light and therefore they do not contain significant amount of large molecules in the C27 to C3o0 range, where
these biomarkers are. This gap in data control opened the opportunity to at least check what “standard” biomarkers may bring to improve
understanding of the Petroleum Systems of the Nova Scotia margin.

* Aregional geochemical survey, the confidentiality of which was lifted in April 2011, conducted by TDI-Brooks International, Inc. on the
margin slope of Nova Scotia for a consortium (?) became accessible as a source of data for this study. The geochemical data of this survey
consisting of carbon isotopes and molecular compositions (GC-GCMS) of piston-core seeps are also examined and discussed in this study.

Maturity

Maturity, of course, is the engine of hydrocarbon generation. Existing maturity data — Vitrinite Reflectance, SPI and TAI — are accessible from the on-
line GSC database (http://basin.gdr.nrcan.gc.ca/index_e.php). New Vitrinite Reflectance data were acquired to complement the GSC database where
needed , i.e. on the western margin of Nova Scotia.

Content of Petroleum Geochemistry Chapter 5 (Plates 5.X.X)
1. Source rock summary
2. Hydrocarbon occurrences
+ Significant discoveries and shows
+ Significant seeps on the Nova Scotia margin slope and Laurentian Sub-
basin (TDI-Brooks regional geochemical survey)
3. PFA 2011 Data
» Oil, condensates and rock extracts
* Piston-core Seeps
PFA 2011 Source Rocks
Laurentian Sub-basin Data
Laurentian Sub-basin Sources Rocks
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Source rock summary

Five (5) key source rocks:

1. Lower Cretaceous — Aptian (deltaic)
* Intra-Aptian MFS (Naskapi)
2.  Lower Cretaceous — Berriasian (deltaic)
+ Base age 137 Ma
3. Upper Jurassic — Tithonian (transition from carbonate to deltaic environment)
» Tithonian MFS
+ The Tithonian source rock is of major importance as it is well defined, organic-rich and mature
4.  Middle Jurassic — Callovian
» Callovian MFS —Misaine
5. Early Jurassic source complex— Liassic (Sinemurian/Pliensbachian/Toarcian)
» Deposited immediately post-rift, hypersaline (gammacerane) to carbonate marine environment
* Not penetrated. Inferred from the Moroccan and Portuguese conjugate margins
» Because not penetrated, these Early Jurassic source rocks are taken as one source complex
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Figure 1: Chronostratigraphic chart developed for the Play Fairway Analysis project. Source rocks are outlined by diamond-shaped boxes including a
source rock. Large and small diamond boxes indicate major and minor source rocks, respectively. The Aptian (Naskapi) source rock is minor as it is

mature only over a limited area of the margin. The Valanginian source rock is considered minor as it is relatively limited in organic matter. However, it
reflects and accounts for organic matter present in the Lower Cretaceous (Missisauga). The Tithonian source rock is of major importance as it is well
defined, organic-rich and mature. The Misaine source rock is considered because it is a maximum flooding surface well identified where penetrated. |

S for
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encountered and documented in two wells only located on the Jurassic carbonate shelf. Spatially limited and poor data support makes it a source rock of

minor importance. Yet not penetrated, the Early Jurassic source complex is considered major. Its existence is strongly supported by analogs on the
conjugate margins of Portugal and Morocco (see Plate X-X-X).
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Figure 1: Distribution of significant discoveries, shows and minor mud-gas shows
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Sediment extracts of this study are qualified for the presence of
migrated petroleum hydrocarbons in the following way.

Thermogenic Hydrocarbon (HC) Seeps
— -

(1) if the TSF Max Int is greater than the background threshold
(13,000 for this study), the extract is considered a candidate,

(2) it is further qualified by a UCM value of more than its
background threshold value (8 pg/g for this study), and
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Figure 3: Distribution of significant discoveries, shows, minor mud-gas shows and thermogenic hydrocarbon seeps by Bernard et al.
2000)
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Figures 1 & 2 display the distribution of significant oil, condensates and gas discoveries as well as of mud-gas shows. Significant all,
condensates and gas discoveries are located in the Sable and the Abenaki sub-basins. Significant gas shows are located in the Sable sub-
basin (Cree, Onondaga and Eagle). East of the Sable sub-basin (Southwest Banquereau, Louisbourg) and West of the Sable sub-basin
(Evangeline). Significant oil shows are located in the Northeastern part of the Abenaki sub-basin (Penobscot, Erie, Wyandot and Mic Mac)

A regional geochemical survey, the confidentiality of which was lifted in April 2011, conducted by TDI-Brooks International, Inc. on the shelf
slope of Nova Scotia for a consortium (?) became accessible as a source of data for this study. The distribution of thermogenic hydrocarbon
seeps is shown in Figure 3. The geochemical data of this survey consisting of carbon isotopes and molecular compositions (GC-GCMS) of
piston-core seeps are also examined and discussed in this study.

Reference:
Bernard B. B., Allan K. A. and McDonald T; J. (2000) Regional geochemical survey for 2000 Nova Scotia Consortium. SGE Program. TDI-Brooks International, Inc. report, December 2000.

Hydrocarbon Occurrences PLATE 5.2.2
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Figure 2: Zoom on the distribution of significant discoveries, shows and seeps from the piston-core by TDI-Brooks International, Inc.

Figures 1 & 2 display the distribution of significant oil, condensates and gas discoveries as well as of mud-gas shows. Significant oil,
condensates and gas discoveries are located in the Sable and the Abenaki sub-basins. Significant gas shows are located in the Sable sub-
basin (Cree, Onondaga and Eagle). East of the Sable sub-basin (Southwest Banquereau, Louisbourg). Significant oil shows are located in
the Northeastern part of the Abenaki sub-basin (Penobscot, Erie, Wyandot and Mic Mac). Also, significant seeps (rank 2) from TDI-Brooks
piston-core survey are located on the shelf slope and toward the Laurentian Sub-basin.

——

Figure 3: Location of three Laurentian — South Whale wells. Bandol-01 and East Wolverine G-37 are D&A. Heron tested oil in the
Petrel Member (DST#6 at 2300m MD)
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ROCK DATA

The basic geochemical data available on line consist of source rock and maturity data for the Scotian Shelf and the Scotian Slope as well as the South Grand Banks, would the
latter be necessary. There are TOC and Rock Eval data for 59 wells (Figure ***) and maturity data for 79 wells (Figure ***).

Rock Eval and TOC

The source rock data consist of TOC and Rock Eval analyses characterizing the source rock potential of well cuttings and cores. The TOC is a measure of organic carbon content
expressed in weight % of the rock. The TOC analysis may be obtained by different procedures, but also directly from the Rock Eval analysis, depending on the type of analyzer.
The analytical results produced by TOC and Rock Eval analyses are as follows:

. TOC: Organic Carbon content

. Free hydrocarbons content in the rock sample: S1 value

. Remaining hydrocarbon potential (HC not realized): S2 value

. Oxidation “potential” contained in the organic matter of the kerogen: S3 value

. Tmax: Maximum pyrolysis temperature, at which the remaining hydrocarbon potential (S2) is generated. Due to its specificity, Tmax is a maturity measurement,

which can be correlated to other maturity parameters such as Vitrinite Reflectance, Thermal Alteration Index (TAI), Spore Color Index (SPI) and others.

The Rock Eval data populating the GSC on-line database were generated by various laboratories including the geochemistry laboratory of the GSC-Calgary.

Maceral

Maceral data derived from microscopic analysis of kerogen are available from Mukhopadhyay’s reports (1989, 1990a, 1990b and1991) and Mukhopadhyay et al. publications
(1990 and 1995). All unpublished reports are available from CNSOPB DMC database. Over the years, P. K. Mukhopadhyay has defined a maceral description chart specially
adapted to the Nova Scotia margin. That chart is displayed in Table 1 (right) to provide the reader with the descriptive code used in the following plates.

Maturity

Maturity data used in this study consist essentially of Vitrinite Reflectance. The GSC online database is populated mainly by data from various laboratories but mainly from Avery
and Mukhopadhyay. New Vitrinite Reflectance data were acquired for only two wells, so adding two maturity profiles to the 79 existing ones. For wells with multiple maturity
datasets from different sources, there are conflicting maturity profiles.

OIL & CONDENSATE DATA

Existing accessible oil and condensate data, such as GC traces, aromatic biomarkers, gasoline range GC traces are neither numerous nor that meaningful. Interpretation of these
data was tentative not contributing clear cut solutions to understanding the petroleum systems of the Nova Scotia margin. These data yet carried out on samples from DST, PT
(Production test) and other tests are usually not tainted by mud additive. In case of doubt, checks are performed and discussed. New biomarker data were acquired on 15 oils and
condensates samples for this study with a particular focus on the saturate fractions of these samples. Saturate biomarkers of the steranes and hopanes/triterpanes size were often
discarded as their concentration are low in condensates.

PISTON-CORE SEEPS DATA

Seeps data from the regional geochemical survey on the slope of the Nova Scotia margin by TDI-Brooks International, Inc. were made available to this study end of March (2011)
when confidentiality on the report was released.

DATA QUALITY

Rock Eval and TOC data

Figure 1: Glenelg J-48 - Example of a mud scheme used in many drilling operations

Table ***: Amorphous Organic Matter Related to Kerogen and Hydrocarbon Potential

Organic facies

IIA

IIA-1IB

1B

1Bl

v

(golden yellow)

Sapro lIA*
(yellow brown)

Sapro lIA* + Sapro IIB*
(brown or orange)

Sapro IIB*
(brown)

Sapro lIB + Humosapro

Humosapro*
(nonfluorescent to dark
brown)

Macrinite
(nonfluorescent)

Alginite, Sapro |,
Part. Liptinite A & B,
Liptodetrinite

Part. Liptinite A & B,
Liptodetrinite, Sapro-
Vitrinite

Part. Liptinite A & B,
Sapro lIA,
Desmocollinite

Telocollinite,
Part. Liptinite B

Part. Liptinite B,
Telocollinite

Fusinite, Macrinite,
Recycled vitrinite

(shallow marine or
freshwater)

Lagoon or lakes (marine
or fresh). Upwelling area
(shallow or deep marine)
Upwelling region,
prodelta, Lacustrine delta,
deep marine anoxia

Deltaic marsh, lagoon,
back-barrier, deep marine
anoxia

Partially oxic prodelta or
shallow marine, and
lagoon

Delta swamp, partially
oxic. Shallow or deep
marine basins

Oxic swamp, tidal flats or
deep marine basins

550 - 800

300 - 600

225 - 400

100 - 250

50-125

Less than 50

between C1o - C30

Dominant cyclo- and
normal alkanes between
Cs- C27

Mixed cyclo- and normal
alkanes and aromatics
between Cs - C20

Mixed aromatics and
cycloalkanes

N-alkanes up to C12 and
Low molecular wt.
aromatics, and phenol

Mainly aromatics and n-
alkanes up to C14 and
phenol

Minor hydrocarbons

Kerogen Type Amorphous Maceral Associated Major Environment of Range of Hydrogen Pyrolisis-GC Pattern Oil/Gas Potential”
Type (Fluorescence) Macerals Deposition Index (mg HC/g TOC)
Sapro I* Alginite Lakes or algal mat Greater than 800 Mainly n-alkanes Oil + Condensate + Gas™

(80%)

Oil + Condensate + Gas”
(60 - 90%)

Oil + Condensate + Gas”
(50%)  (50%)

Condensate + Gas + Qil
(50%) (40%) (10%)

Gas + Condensate
(70%)  (30%)

Gas
(>80%)

Non source

Sapro I*, Sapro lIA*, Sapro IIB*, Humosapro* = Sapropelinite |, llA, 1B and Humosapropelinite; Part: Liptinite = Particulate Liptinite A & B
Sapropelinite = Bituminite = Amorphinite. Particulate liptinite A = Lamalginite. Particulate liptinite B = Exinite & Resinite
+ Under normal Eh/Ph condition without diagenetic oxidation; # Generation starts beyond 1.0% Ro

Table 1: P. K; Mukhopadhyay’s maceral description chart

Reference:

P. K. Mukhopadhyay and Wade J. A. 1990. Organic facies and maturation of sediments from three Scotian Shelf wells. Bulletin of Canadian Petroleum Geology, Vol. 38, No. 4, pp. 407-

425 (DEC 1990).

Oil-based mud and various additives were used in an estimated 80% of the wells analyzed constitutes a serious problem for interpreting geochemical data , in particular , identifying source

SURVEY TOOL LEFT IN THE rocks on the Nova Scotia margin.
3513 M HOLE - RECOVERED WITH AN
OVERSHOT
DRILL STRING STUCK IN THE Maceral data
4119 y HOLE AS A RESULT OF A . . . . . . . . .
FISH WELL KICK - ADDED DIESEL Maceral data obtained by microscopic observation offers the advantage that part of the contaminants from the mud can be identified and discarded from the kerogen composition. However,
AND WORKED PIPE FREE mud additives such as lignite and gilsonite may not always be easily separated from the in-situ sedimentary kerogen. However, TOC/Rock Eval data associated to the maceral analyses are
PIPE STUCK IN THE HOLE - . e . .
i ’ PIPE WAS BACKED.OEF AND contaminated by the mud additives , which make them unreliable.
CEMENTED IN THE HOLE -
WELL WAS SIDETRACKED .
Oil and Condensate data
POSITIVE FLOW CHECK -MUD
4119 0 KICK ‘é";ﬁ:}%ﬁﬁfg o e Oil and condensate are not subject to too much distortion by mud additives as they are collected from tests. However, in case of doubt, possible contamination must be cautiously be examined.
KGI/M3) TO KILL THE WELL
Rock extract data
4134 M LosT NO FURTHUR LOST . . . o
5167 M CRe  CIRCULATION DATA FOUNDIN Rock extract data are highly susceptible to oil-based mud contamination.
WELL HISTORY REPORT
5193 M
108 aes m SEAWATER-VISCOUS Piston-core seeps data
368 3261 M SEAWATER-KCL Seeps data from the regional geochemical survey on the slope of the Nova Scotia margin by TDI-Brooks International, Inc., deserve some careful examination of possible contamination by
ERESHUATER . GEL - EJEES;“(H?Q&JJ‘” ). natural organic material present in the sediments near sea floor collected by piston-coring. This contamination cannot be eliminated, but avoided as much as possible using geochemical
261 A1 M GNOSULPHONATE  CHROMELIGNITE (4119 gup methods such as chromatography to discard samples containing large amount of recent natural organic matter.
M)
CHROME LIGNITE (4141-
5253 M), KWIKSEAL &
4141 5253 M EﬁER%TXEﬁgﬁTE EL- WALNUT (5205 & 5253 M),
X-PEL-G (4553, 4735, 4753
& 5081 M)
4785 5083 M DYNA-DRILLED INTERVAL
MUD
2083 2 L MOTOR  TURBO DRILLED INTERVAL
5205 52271 M
DYNA-DRILLED INTERVAL
(DIRECTIONAL DRILLING
4913 S085 1M MUD INTERVAL IN SIDETRACKED
MOTOR* HOLE)
TURBO DRILLED INTERVAL IN
5095 5148 |M SIDETRACKED HOLE

Data & Quality
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TOC/ROCK EVAL DATA

Existing data
New data
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Existing data
New data
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TOC/ROCK EVAL DATA
Online GSC Basin Database

54 shelf wells

Abenaki J-56
Alma F-67

Alma K-85
Arcadia J-16
Argo F-38
Bluenose 2G-47
Chebucto K-90
Citadel H-52
Citnalta I-59
Cohasset A-52
Cohasset D-42
Cohasset L-97
Cree E-35
Dauntless D-35
Demascota G-32
Eagle D-21
Evangeline H-98
Glenelg E-58
Glenelg J-48
Glooscap C-63
Intrepid L-80
Iroquois J-17
Louisbourg J-47
Merigomish C-52
Migrant N-20
Mohican 1-100

North Triumph G-43
Olympia A-12
Onondaga B-96
Onondaga E-84
Onondaga B-84
Penobscot L-30
Peskowesk A-99
Sable Island C-67
Sable Island E-48
Sable Island O-47
Saint Paul P-91
South Desbarres O-76
South Griffin J-13
South Sable B-44
South Venture O-59
S.W. Banquereau F-34
Thebaud C-74
Thebaud 1-93
Thebaud P-84
Uniacke G-72
Venture B-43
Venture B-52
Wenonah J-75

W. Chebucto K-20
West Olympia O-51
West Venture N-91

North Triumph B-52 Whycocomagh N-90

MATURITY DATA
Online GSC Basin Database

79 shelf wells

Abenaki J-56
Alma F-67
Arcadia J-16
Banquereau C-21
Bluenose 2G-47
Bluenose G-47
Bonnet P-23
Chebucto K-90
Chippewa L-75
Citadel H-52
Citnalta 1-59
Cohasset A-52
Cohasset D-42
Cohasset L-97
Cree E-35
Dauntless D-35
Demascota G-32
Dover A-13
Eagle D-21
Evangeline H-98
Glenelg J-48
Glooscap C-63
Hesper |-52
Intrepid L-80
Merigomish C-52
Jason C-20
Louisbourg J-47

Mic Mac H-86

Mic Mac J-77
Migrant N-20
Missisauga H-54
Mohawk B-93
Mohican [-100
Naskapi N-30
North Banquereau 1-13
North Triumph B-52
North Triumph G-43
Olympia A-12
Oneida A-12
Onondaga B-96
Onondaga E-84
Panucke B-90
Penobscot B-41
Penobscot L-30
Primrose 1A A-41
Primrose A-41
Primrose F-41
Primrose N-50
Sable Island 3H-58
Sable Island 4H-58
Sable Island C-67
Sachem D-76
Sable Island E-48
Sable Island O-47

Wells from the DMC database

7 slope wells 2 shelf wells

Acadia K-62 West Esperanto B-78 (no Excel datasheet)
Albatross B-13 Bonnet P-23

Annapolis G-24

Balvenie B-79

Crimson F-81

Newburn H-23
Tantallon M-41

TOC/Rock Eval & Maturity data newly acquired
TOC/Rock Eval

* Acadia K-62 4000m to TD (~5300m) +(FI basal carbonates)
* Shelburne G-29 3000m to TD

* Torbrook C-15 2600m to TD (~3600m

* Shubenacadie H-100 3200m to TD (~4200m)

* Oneida O-25 3100m to TD (~4100m)

* Sambro I-29 1000m to 1600m

+ Ojibwa E-07 1400m to TD (~2300m

* Glenelg J-48 4500m to TD (~5100m)

+ Marmora C-34 3800m-3900m

* Chippewa L-75 5900’-6972’

+ Citadel H-52 5500’-5666’

* Emerillon C-56 9250’-10750°

» Erie D-26 5500’-7995’

* Moheida P-15 3300mM-3900m

* Mohican I-100 4200m-4300m

* Argo F-38 10000’-11110’ (TD) OK

* Iroquois J-17 4485’-5890’ (17) and 6650°-6845’ (9) oil stains anhydrite

Vitrinite Reflectance

e Torbrook C-15 2835m-3600m
* Moheida P-15 10810’-12860°

Nb. of Samples

69
70
54
41
102
21
69
39
22
23
12
48
57
53
13
7
80

23
27

9 slope wells

Saint Paul P-91 Acadia K-62
Sauk A-57 Albatross B-13
South Desbarres O-76 Annapolis G-24
South Griffin J-13 Balvenie B-79
South Sable B-44 Crimson F-81
South Venture O-59 Newburn H-23
S.W. Banquereau F-34 Shelburne G-29
Thebaud C-74 Shubenacadie H-100
Thebaud 1-93 Tantallon M-41
Thebaud P-84

Triumph P-50

Uniacke G-72

Venture B-13
Venture B-43
Venture B-52
Venture D-23
Venture H-22
Wenonah J-75

West Chebucto K-20
West Esperanto B-78
West Olympia O-51
West Venture C-62
West Venture N-91
Whycocomagh N-90
Wyandot E-53

Data — TOC, Rock Eval and Maturity
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MATURITY DATA (continued)

Distribution of Vitrinite Reflectance data versus burial depth for the 20 reference wells

The diagram of Figure 1 displays Vitrinite Reflectance data per well for the 20 wells of reference. The analyst name is provided In the inset list. In
cases, wells were analyzed by several laboratories that are identified by more than one analysts names. Sometimes, only the laboratory is known
and therefore listed.

This selection of data, as an example, shows that there is a relatively narrow spread of the maturity gradient throughout the Nova Scotia margin.

In wells with several maturity datasets measured by different analysts, there is sometimes convergence of the maturity gradients, which is a

confirmation of the validity of the data. Cases of divergence between datasets also exist weakening confidence in either of the datasets. Modeling
with the suites of constraints imposed by temperature, pressure, overburden and rifting history inducing the thermal development at the various

modeled locations helps distinguishing which one of the maturity gradients applies.

Detailed maturity of each well is neither presented nor discussed in the Petroleum Geochemistry part of the Atlas except for the wells, which serve

in identifying the source rocks of the margin in Plates 4-X-X below and Plates X-X-X, Y-Y-Y etc)..

Maturity, however, is used extensively in the modeling part of the study for maturity calibration of the basin models Themis 1D,- 2D and -3D.
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Vitrinite Reflectance versus burial depth
for the 20 reference wells

Vitrinite Reflectance (%)
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#West Esperanto B-78; Avery M. P.

—}; A South Griffin J-13; Avery M. P.
) ¢ X Glooscap C-63; Avery M. P.
( B Cohasset L-97; Avery M. P.

X
v =X
&ﬂ_‘?‘ Cohasset L-97; Mukhopadhyay P. K.
N ';(\(X X Glenelg J-48; Avery M. P.
el Cf-( ® Glenelg J-48; Mukhopadhyay P. K.
+ Evangeline H-98; Avery M. P.

=Evangeline H-98; Mukhopadhyay P. K.
48 @ Dauntless D-35; Robertson Res. Int'l
;Kj' IC-J x A Chebucto K-90; Mukhopadhyay P. K.
s, -oX X Chebucto K-90; Avery M. P.
o -
\,';& =X, XBonnet P-23; Avery M. P.

: X Bonnet P-23, PETRO-CANADA, INC.
) J’ 2?( - 5 + Alma F-67; Mukhopadhyay P. K.
'Y X m -Alma F-67; Avery M. P.
4 Hesperl-52: Avery M. P.
. South Griffin J-13; Avery M. P.

4 &&C X n Balvenie B-79; Mukhopadhyay P. K.
A .
A SX &% *._ - i - + Annapolis G-24; Mukhopadhyay P. K.
® Crimson F-81; Cook A. C.

[ Reyu +
‘ﬂ > >§‘ - mn Albatross B-13; PETRO-CANADA, INC.

-, 5 ¢ x® ‘< Shelburne G-29; Avery M. P.
2
Ny * Tantallon M-41; Avery M. P.
u * Shubenacadie H-100; Avery M. P.
‘ Weymouth A-45; Mukhopadhyay P. K.
Newburn H-23; Mukhopadhyay P. K.

B \West Esperanto B-78; PETRO-CANADA, INC.

OIL, CONDENSATES, ROCK EXTRACTS and FLUID INCLUSIONS DATA

+ Glooscap C-63
©

2N 2 Weymouth A-45
C |~ i t iohican 1-100 - X Z +‘ RO.Ck e
Cuttings

O HC flui

=

xtracts -

Cores

d+inclus+i ons

Biomarker analyses of oil and condensates from the following wells:

PENOBSCOT L-30, RFT#5 2643.00 — 2643.00m, GSC group 1

SABLE 3H-58, PT#4 1632.20 — 1633.42m, GSC group 3a

SABLE 5H-58E, DST#4 1639.82 — 1641.65m, GSC not grouped

BANQUEREAU C-21, DST#2 3585.00 — 3596.00m, GSC group 2

GLENELG J-48, DST#8 3491.00 — 3495.00m, GSC group 3b

GLENELG N-49, DST#2 3476.00 — 3485.00m, GSC group 2

GLENELG N-49, DST#1 3597.00 — 3602.00m, GSC group 2

ALMA F-67, DST#2 3026.00 — 3032.00 m, GSC not grouped

SOUTH VENTURE 0O-59, DST#11 4209.00 — 4217.00 m, Above OP, GSC group 3b
10. WEST VENTURE C-62, DST#3 4741.00 — 4743.00 m, Within OP, GSC group 3a
11. VENTURE B-13, DST#6 4572.00 — 4579.00 m, Below top OP, Basal Missisauga, GSC group 3b
12. CITNALTA 1I-59, PT#3 12393’-12407’ (3777.4-3781.7m), Basal Missisauga

13. CITNALTA I-59, PT#2 12964’-12985’ (3951.4-3957.8m), Basal Missisauga

14. CITNALTA 1I-59, PT#1 13301°-13317’ (4054-4059m), Basal Missisauga

15. HERON H-73, DST#6 2294.00 — 2306.00m (South Whale Basin)

CoNoO~WDNE

Glooscap C-63, cutting extracts from shales interlayered near the top of the Argo Salt at depths:

» Cutting sample 4320-40m
» Cutting sample 4490m

Mohican 1-100, extracts of core samples

» Sample 4095.75 m displays a very weak trace
» Sample 4098.14 m displaying oleanane is contaminated

Weymouth A-45. Biomarker analyses of hydrocarbon fluid inclusion from salt canopy:

* Top salt

* Middle salt
* Bottom mix
* Bottom salt

Data — Maturity - Oil, Condensates, Rock Extracts and Hydrocarbon Fluid Inclusions
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Biomarkers of Oils and Condensates (Hopanes m/z 191) Biomarkers of Cutting Extracts from Venture B-13 (Hopanes m/z 191)
PENOBSCOT L-30 . GLENELG N-49
VENTURE B-1
RFT#5, 2643.00-2643.00m .. DST#2, 3476.00-3485.00m DST #gj 1572 og 4579.00m VENTURE B-13 VENTURE B-13
GSC group 1 | GSC group 2 Below 'Eop OP. : Cutting sample, 4570m Cutting sample, 4580m
- Basal Missisauga
N GSC group 3b '
‘_‘:‘ o l] 200001 10000
I 3000 .‘. Gammacerane 18000 000 Oleanane
u . Ny -
= | ' |k ", L ‘ Gammacerane
8000} lM . " W “ 12000 000)
Pl ) b L i L — || - 1
oo M, B o, | | J J bl . | \
- “JL‘*'M'W W W Y "'LLJr .Mu | L{j 1PN JMUL« Y "wav ,,Wlﬂ MMML'LLJ vmil\h ‘,,;nw IL )‘j 'uw—[h"’ M«JLMLJ.Jtmq LMWL.MM A J\.' ,MU»N“"/ soo0 t . - J ."»xu ‘ \
109 o 80004 3000} M“‘fd
- _— Ny S | S R in -
i ot ! ! 8 .-L.-“ ol foundance fon TOTO (TR0 70T TR TOF LOOTZSD e ‘J\,_J“ k _______M}_;.\J\,..AJ,L’M"L‘L'IJ\JI“Jk-"’lt\" L_,‘_Jl_l_w.'_!)-u"'"/’_“dm 100 \‘WJ " \-—MJL.,JJ.,JU_hJU la\fW| “‘ .\FIL,.N ‘H “‘-"“JL ’H' =
SABLE 3H'58 J GLENELG N'49 :::: S-II:I-#N3A!]_;3'A9é-’5192407’ Tme>  obo b0 inbo iZo isbo tomo isoo 2000 2200 2400 2000 2sbo anon sZon 3emo  debo 3sbo smoo “ZIJ‘T wwwww 500 800 1000 1200 1400 1800 1800 2000 2200 2400 2500 2800 2000 3200 3400 3800 G800 4000 4200 4400
PT#4, 1632.20-1633.42m « DST#1, 3597.00-3602.00m oo 3777’4 3781-7m
GSC group 3A .. GSC group 2 ] NS ) Figure 2: Hopane traces (m/z 191) of 2 cutting samples at 4570 and 4580m from the Venture B-13 well. At 4580m there is a
ol Basal Missisauga
1 o Gammacerane anomaly not observed at 4570m.
:'TM o = STRING STUCK IN THE HOLE - AN OUTSIDE
o I - 4 | = 236 M STRING WAS RUN AND CLEANED QOUT 21 I
o W‘ | | | ) | AN | , } ‘ OF FILL ON TOP OF BIT
4 Pomde ——e e 6000( W M4 0000,
PN N WP 1 M i JJL S o m.\,JM_,‘,# L L \ \ \ |J | M 2058 . Fisy  PIPEPARTEDAT 1112 M - FISH RECOVERED
U W Al - WITH AN OVERSHOT
""" I A NE Um We Wp an ge M Ew Aw A8 g We Ad pe a8 om we e — DRILL PIPE STUCK AFTER CONTROLLING
B o S 5368 M KICK - FISH BACKED OFF & LEFT IN THE
SABLE 5H-58E | ALMA F-67 == CITNALTA I-59 HOLE - WELL WAS SUSPENDED
DST#4, 1639.82-1641.65m | DST#2, 3026.00-3032.00m =1 PT#2 12964'-12985' MUD WEIGHT INCREASED TO 2160 KGIM3 TO
GSC not grouped GSC not grouped = (3951.4-3957.8m) 5368 W KICK KILL THE WELL
1 Basal Missisauga 457 . LOST  RETURNS LOST WHILE CIRCULATING AFTER
- CRC  RUNNING 244 MM CASING
200 SEAWATER -
:B”“” 585 | 12954 IM BENTONITE PILLS
u 12054 20924 M SEAWATER - POLYMER MUD
a000) 20 FRESHWATER -
Tl | \. { } ; ‘ - 29924 5368 M LIGNOSULFONATE
‘L\‘. U""‘h /! 6000 - - -
“’MWWJJ " Mﬁu,,m.;l.n,ilv, Wﬁh‘pﬂU{mﬂ i ’L Jl T \» L Sl Ul M il Figure 3: Mud-scheme used in the Venture B-13. Lignosulfonate was added to the mud 2992
ML AL --MUW A - ), JuN R - J\ to 5368m. In other well drilled with lignosulfonate mud-additive, there was no Gammacerane
R R T R R T A T T R R T AR T AR T N T T R T R T R Time-> 1000 2000 3200 2400 2000 2800 M T3400 300 300 4000 4200 4400 Ime—>1000 1200 1400 1800 im0 2000 2200 2400 2600 2600 300 3200 a4on  3s00 3800 4oon 4200 4400 Contamlnatlon bUt Oleanane, WhICh |S the case here
... BANQUEREAU C-21 - - |SOUTH VENTURE 0-59 = CITNALTA I-59
w:  DST#2, 3585.00-3596.00m " |DST#11, 4209.00-4217.00m - PT#1 13301-13317’
“ GSC group 2 ... |Above OP :
group i (4054-4059m) Gammacerane occurrence in Venture B-13, DST#6 4572-4579m
s | |GSC group 3b = Basal Missisauga
" o The surprise from Venture B-13 is the occurrence of Gammacerane in the condensate of DST#6. Gammacerane
" = often interpreted as reflecting a source rock deposited in a hypersaline environment would support an Early Jurassic
or Triassic (Argo Salt) source rock on the Nova Scotia margin. The arguments for this are:
Wfﬁ ‘ w | - + Oils from Morocco known to originate from the Toarcian source rock contain Gammacerane (see Plate ***),
| . | ’ o » Pliensbachian shale of the Peniche Basin of Portugal contains Gammacerane (see Plate ***).
‘ J“ ’ i ] WY M L \ U'“JU 0 Mm U } A W - » Also, deposition of a source rock in a hypersaline environment on the Nova Scotia margin most likely develops in
S L hu,,m bt L dlk L“‘M‘ L(MJM | e o h s WALt - u | Triassic or Early Jurassic time during or soon after Argo Salt deposition.
S . , , , mm S These arguments support Early Jurassic sourcing.
GLENELG J-48 . WEST VENTUREC 62 e Cutting samples from shales interlayered in the Argo Salt (Triassic) in the Glooscap C-63 well were analyzed by
| DSTH8. 3491 00-3495.00m DSTH3. 4741 00-4743.00m wn HERON H-73 Rock Eval pyrolysis to test the hypothesis of Triassic sourcing. The Glooscap C-63 well is the only one penetrating
GSC gr,oup 35 ' M Within ’OP ' ' | DST#6, 2294.00-2306.00m the Argo salt sufficiently and in “autochthonous” position to carry out that test. High TOC and high S1 values in the
= | GSC group 3a - depth range from 4320m to 4410m are the result of contamination by mud-additive. GCMS analysis of 2 of these
J% samples shown in Figure 1 of the next Plate 4-**** strongly suggest the presence of mud contaminant.
- w‘u, - Because, Gammacerane could also be contamination by gilsonite added to the mud, cutting samples at 4570m and
- ’-*W ‘ pr——— 4580m were extracted and analyzed for biomarkers. The m/z 191 traces of the saturates is shown in Figure 2 of this
) { y Plate (above). At 4570m, the trace displays background Gammacerane, whereas at 4580m the trace exhibits
| ~ H el ‘LL M Jd b W improved Gammacerane. This distribution between the 2 samples suggests that at 4570m, that is just before testing,
] . AL M al there was no excess of Gammacerane meaning neither contamination nor indigenous anomaly. Excess of
| LM | | UU " U } Gammacerane occurs only in the sample at the bottom or below the tested interval. This observation argues in favor
- At b L AR e ] bu of indigenous Gammacerane in the condensate of Venture B-13 DST#6.
. TR RPN Y B VY B e T . . .
! ' ' Oleanane - age specific biomarker not present in sediments before the occurrence of angiosperms on earth
_ _ _ _ _ _ (~100Ma) - observed in the sample at 4580m is likely part of the lignosulfonate mud-additive used for drilling at
Figure 1: Hopane traces (m/z 191) of 14 condensates and oils from the Nova Scotia margin and 1 from Heron H-73 located in the South Whale Basin of Newfoundland. Among these traces these depths.
the condensate from DST#6 at Venture B-13 displays a significant Gammacerane anomaly compared to the other oils and condensates. Heron H-73 oil | the South Whale Basin exhibits a
slightly improved Gammacerane.
)

Data - Oil, Condensates and Rock Extracts PLATE 5.3.5
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Glooscap C-63 — Biomarkers of rock extracts Mohican I-100 — Biomarkers of rock extracts Biomarker analyses of extracts from the Toarcian

+ Shale interlayered in Argo salt Mud- additive source rock, offshore Morocco (I0DP Leg 79, Site 547)
* No Gammacerane
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Reference:
Yawooz Kettanah (2010) Hydrocarbon fluid inclusion study in the Argo Salt of Glooscap C-63 and Weymouth A-45 wells, offshore Scotian
margin. Study report to OETR.

Figure 2: Example of hydrocarbon fluid inclusions from Kettanah (2010)
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Reference:

Fowler, M. G. and Obermajer, M. (1999) Reassessing the petroleum geochemistry of the Scotian Shelf, offshore eastern
Canada - a cautionary tale for geochemists. 19th International Meeting on Organic Geochemistry, Istanbul, Turkey,
September 6-10, 1999, 469-470.

Figure 1: Hopane traces (m/z 191) of hydrocarbon (HC) fluid from inclusions in salt at show significant amount of
Gammacerane in the salt canopy at Weymouth A-45. In the autochthonous salt at Glooscap C-63, there is no

Figure 3: In Jurassic Abenaki condensate at “deep Panuke” (Panuke PP3C), homohopane ratio C3s to C34 is equal to 1. Such
a ratio is indicative of a source rock deposited in a carbonate environment. Oleanane - age specific biomarker not present in

particular Gammacerane anomaly. In addition, in the Weymouth A-45 bottom mix gathering several samples from the sediments before the occurrence of angiosperms on earth (~100Ma) — is also present in this condensate, suggesting

basal part of the canopy, the homohopane ratio C3s to C34 equal to 1 suggests that the source rock of these HC

inclusions deposited in a carbonate environment.

contamination by oil-based mud or, but improbably, leaching of Upper Cretaceous organic matter along the migration path.

Homohopane ratio C35 to C34 equal to or greater
than 1 is indicative of a source rock deposited in
a carbonate environment. This is the case for
hydrocarbon fluid inclusions in Weymouth A-45
and in condensate at the “deep Panuke” PP3C
well. This environment is compatible with or
without hypersaline conditions suggested by
presence or quasi absence of Gammacerane, in
Weymouth or “deep Panuke”, respectively.

Oleanane in “deep Panuke” suggests either
contamination (oil-based mud) or leaching of
Upper Cretaceous organic matter along the
migration path. In the structural position of The
Panuke PP3C well, the latter is very unlikely.

Data — Hydrocarbon Fluid Inclusions

PLATE 5.3.7




PETROLEUM GEOCHEMISTRY

Laurentian Sub-Basin study - CANADA - June 2014

45'N.

4N

43N

a2'N{

66'W 65'W 64w 63w 62'w 61w 60'W 59'W 58'W 5T'W 56'W

r- -

Sediment extracts of this study are qualified for the presence of
migrated petroleum hydrocarbons in the following way:

N
B (1) if the TSF Max Int is greater than the background threshold
4 (13,000 for this study), the extract is considered a candidate,

(2) it is further qualified by a UCM value of more than its
M background threshold value (8 pg/g for this study), and

UCM (uolg)

(3) if the UCM is less than its threshold value, it is qualified if its
thermogenic/diagenetic ratio is greater than 0.8

Headspace gases of this study are qualified for the presence of
migrated thermogenic gas by

(1) selecting all cores exhibiting ethane:ethene of at least 1:1 and
the product of the two parameters being at least 100 in at least one
core section
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Figure 1: Location of piston-cores seeps displaying thermogenic hydrocarbons in order of importance. Map modified from TDI Brooks Int’l
report (2000)
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Figure 2: Piston-cores seeps displaying thermogenic hydrocarbons in order of importance and piston-cores geochemically analyzed

(numbered). Piston-cores selected for carbon isotopes analyses are the yellow dot. Sample numbering for Map modified from TDI
Brooks Int’l report (2000).

REGIONAL GEOCHEMICAL SURVEY for 2000 Nova Scotia Consortium SGE PROGRAM
by TDI-Brooks International, Inc.

The report describes first the field and laboratory procedures. Surface geochemical exploration using piston cores are presented by Peters et al. (2004)

The results of standard analyses of the surface geochemical exploration analyses consist of the following:

* Total Scanning Fluorescence,

* Cis+ hydrocarbons and UCM (Unresolved Complex Mixture),

* Headspace gas, and
» Carbon isotopic composition of gas

Figure 1 shows distribution and rank of significant thermogenic hydrocarbon seeps based on the above mentioned analyses.

Carbon isotopic composition of headspace gas on 2 cores only produced &'3C1 results. They are:

« Core# NSS014 - 2 sections of the core had enough headspace gas for performing the analyses. Methane 52C1 values of -92.50 and 87.66 per mil indicate

a biogenic origin of the gas

+ Core# NSS057 - 1 section only was measurable producing a §'3C1 =-28.25 per mil, which falls in the range of thermogenic non-associated gas.

Both seeps did not reach the rank of significant occurrence according to the ranking criteria.

A second part of the report consists of a detailed geochemical study carried out by Geomark Research, Inc. on 30 piston-core samples for TDI-Brooks

International, Inc.. Sample preparation and analyses are the followings :

* Bitumen extraction,

* Fraction separation by liquid chromatography,

* GC analysis of the saturate and aromatic fractions,

* GC-MS analysis of the saturate and aromatic fractions

» Carbon isotope analyses of the saturate and aromatic fractions
The data are listed in the Table 1 (below)

Only the isotope data are reinterpreted because the opportunity arose to integrate them with isotope data from Morocco. The biomarker data, in particular
the m/z 191 traces do not show any significant abundance of Gammacerane, which suggests that the seeps must originate from a “normal” marine source
rock. The other biomarker data of this Table are not subject to reinterpretation because they are not compatible with the other data used in this study. Also,
the biomarker interpretation made in the TDI-Brooks International, Inc. report consists only of general considerations are not worth discussions as it is in

no related to expressing the possibility of Early Jurassic sourcing of the seeps.

Steranes
Terpanes Steranes abb mz 218

# | Sample ID Core Lat Long Section | TSFmax | EOM ppm 813Csat | &13Caro| Pr/Ph C19/C23 C24/C23 C29/H SIT %C27 %C28 %C29 C28/C29 |[C27Ts/Tm | C29Ts/Tm | TAS3

1{ NSCPO0006 [ NSS002 42.0372 -65.0222 20 21.815 50 n/a -27.40 0.04 0.65 0.63 0.27 29.7 25.70 44.60 0.58 0.42 0.25
2| NSCP0029 [ NSSO010 42.2693 -64.0159 20 27.965 105 -29.68 -28.25 0.14
3| NSCP0040 | NSS014 42.1484 -63.9154 11 58.240 110 -29.85 -28.11 0.11 0.53 0.64 0.20 30.8 19.20 50.00 0.38 0.33 0.20 0.05
4| NSCP0059 | NSS020 42.0564 -63.2919 16 93.820 90 -30.47 -29.87 1.42 0.10 0.54 0.57 0.41 28.7 20.2 51.10 0.40 0.71 0.37 0.18
5| NSCP0098 | NSS033 42.0796 -62.9019 15 48.020 126 -30.20 -29.75 0.08 0.49 0.56 0.38 29.6 20 50.40 0.40 0.5 0.28 0.18
6[ NSCPO0108 [ NSS036 42.0858 -62.8644 18 40.070 114 -30.66 -29.55 0.05 0.56 0.56 0.34 28.3 18.90 52.80 0.36 0.51 0.27 0.15

7[ NSCP0126 [ NSS042 42.3388 -62.4321 23 50.380 48 -28.36 -28.74 0.03 0.62 0.55 0.34 27.1 20.60 52.30 0.39 0.46 0.32
8| NSCP0141 | NSS047 42.3511 -62.1239 26 112.340 78 -30.08 -29.46 147 0.05 0.55 0.57 0.45 29.5 20.20 50.40 0.40 0.63 0.36 0.11
9| NSCPO0156 | NSS052 42.3189 -61.7066 27 82.420 70 -29.78 -28.20 0.02 0.57 0.61 0.38 26.5 24.20 49.30 0.49 0.48 0.29 0.09
10[ NSCP0162 | NSS054 42.3498 -62.6721 12 144.750 88 -30.44 -29.72 1.55 0.10 0.49 0.67 0.43 324 17.60 50.00 0.35 0.77 0.38 0.09
11| NSCPO0165 | NSS055 42.5395 -61.6573 25 124.710 78 -30.26 -29.66 1.42 0.10 0.49 0.57 0.43 28.2 18.40 53.40 0.34 0.73 0.34 0.10

12| NSCP0182 | NSS061 42.5693 -61.4155 20 43.260 60 n/a -29.26 1.56 0.03 0.62 0.62 0.34 24.5 10.4 55.10 0.19 0.51 0.21
13| NSCPO0191 | NSS064 42.5883 -61.3455 16 105.600 70 -30.23 -29.42 .47 0.02 0.53 0.58 0.45 28.1 20.2 51.80 0.39 0.74 0.39 0.07
14| NSCP0208 | NSS070 42.6844 -61.2547 6 67.650 68 -30.09 -29.62 0.07 0.38 0.53 0.42 30.6 21 48.40 0.43 0.64 0.35 0.05
15| NSCP0257 | NSS086 42.6625 -60.7927 20 60.120 38 -29.20 -28.66 0.02 0.60 0.63 0.39 26.8 25.00 48.20 0.52 0.52 0.30 0.09
16| NSCP0302 | NSS096 42.909438 -60.489672 8 109.620 175 -30.50 -29.68 1.39 0.11 0.54 0.57 0.48 27.1 21.1 51.70 0.41 0.63 0.37 0.11
17] NSCP0320 | NSS102 42.973267 -60.282017 20 68.130 102 -30.48 -29.57 0.04 0.66 0.61 0.40 24.4 28.1 47.50 0.59 0.47 0.29 013
18| NSCP0326 | NSS104 43.004593 -60.199075 20 51.380 93 -30.11 -29.17 0.03 0.62 0.62 0.34 23.8 27.9 48.30 0.58 0.37 0.28 012
19 NSCP0341 | NSS109 43.230265 -60.113157 11 76.860 120 -30.47 -29.52 1.50 0.09 0.53 0.55 0.52 27.2 19.90 52.90 0.38 0.57 0.38 0.11
20[ NSCP0348 [ NSS111 43.230945 -60.07698 28 54.200 120 -30.23 -29.27 0.10 0.52 0.58 0.39 27.2 22.20 50.60 0.44 0.49 0.32 0.10
21 NSCPO0359 [ NSS115 43.038225 -59.999515 16 82.400 220 -30.57 -29.90 1.35 0.1 0.55 0.54 0.48 27.4 20.60 52.10 0.40 0.81 0.42 0.14
22| NSCPO0369 | NSS118 43.065698 -59.96357 26 53.640 85 -30.23 -29.68 0.06 0.61 0.58 0.35 24.4 26.70 48.90 0.55 0.39 0.29 0.11
23[ NSCPO0381 [ NSS122 43.084255 -59.91686 23 76.960 100 -30.41 -29.76 0.08 0.59 0.58 0.39 23.1 26.7 50.10 0.53 0.51 0.32 0.12
24 NSCP0402 [ NSS129 42.950465 -59.83766 25 166.350 328 -30.57 -30.04 1.45 0.15 0.56 0.57 0.49 28.5 18.90 52.70 0.36 0.77 0.43 0.14
25 NSCP0414 [ NSS133 43.3277 -59.051572 26 63.710 102 -30.37 -29.44 0.03 0.53 0.63 0.37 24.3 26.00 49.70 0.52 0.46 0.30 0.07
26 NSCPO0417 [ NSS134 43.37268 -59.015608 20 47.220 95 -30.05 -28.88 0.06 0.58 0.71 0.28 25.8 27.00 47.30 0.57 0.32 0.26 0.12
27( NSCP0429 [ NSS139 43.942128 -58.11025 15 73.960 135 -30.32 -29.22 0.06 0.53 0.58 0.47 26.7 22.20 51.10 0.43 0.57 0.34 0.11
28 NSCP0448 [ NSS146 44.385383 -56.691885 11 29.465 42 -29.93 -29.05 1.31 0.05 0.57 0.61 0.67 28.1 23.70 48.20 0.49 0.72 0.39 0.12
29[ NSCP0453 [ NSS148 44.221647 -56.576188 2 28.885 78 -30.63 -29.87 1.23 0.04 0.60 0.62 0.58 304 25.80 43.80 0.59 0.69 0.36 0.18
30[ NSCP0472 [ NSS154 43.588087 -58.159307 25 61.020 93 -30.20 -29.90 0.04 0.50 0.66 0.37 24.4 27.00 48.60 0.56 0.42 0.28 0.14

S/T= Steranes/Terpanes
TAS3=(C20+C21)/(£C20-C28) m/z=231
ROM=Immature Recent organic matter

Table 1: List of the piston-core samples geochemically analyzed (White dots in Figure 2, right).

Reference:

Bernard B. B., Allan K. A. and McDonald T; J. (2000) Regional geochemical survey for 2000 Nova Scotia Consortium. SGE Program. TDI-Brooks International, Inc. report, December 2000.

Data - Piston Core Seeps
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This interpretation integrates carbon isotope data of oil/condensate and source rock extracts from Mukhopadhyay (1989 & 1990), and TDI-Brooks data (2000) on
seeps from piston-cores and data from Morocco margin graciously provided by Geomark Research, Inc.. Yet many of the extracts do not qualify as source rock for
the oil and condensates from the Nova Scotia margin (see Sofer diagram below), some do. Along the Sofer line (Sofer 1984), §13C of the source extracts lighter
than oil/condensates suggest a lower maturity of the source samples analyzed.
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The piston-core seeps displaying 8'3C ranging in the -30 to -31 per mil for the saturate fraction and -29 to -30 per mil for the aromatic fraction are isotopically
lighter than the oil/condensate and their qualifying source rocks, indicating a different source rock for these oil-seeps.

" |

Comparison with Morocco oils (see location Figure 2) known to originate from the Toarcian source rock suggests that the piston-core seeps could originate from
an Early Jurassic source rock possibly present on the Nova Scotia margin:

i

* The oil from the Essaouira field of Sidi Rhalem is isotopically compatible with the piston-core seeps (Figure 2)

* The MO-002 oil from the Tarfayat Basin (Cap Juby; see location Figure 2) known to originate from the Toarcian source rock displays isotopic values apparently

= | NSSO055 T ‘w" ' NSS148 compatible with the bulk of the Nova Scotia oils and condensates yet its biomarker present characteristics of hypersalinity (gammacerane) of an Early Jurassic
= J i ldtLJ J M A (Toarcian) source rock (see Plate *****), However, the MO-002 oil is severely biodegraded, which may be the reason for the drift of its isotopic composition
e Al A IPITIY AN - = toward heavier values.
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Figure 1: Location of the piston-cores analyzed for carbon isotopes (yellow dots). The gas-chromatograms show that the samples extracted
from the piston-cores are as little as possible contaminated by recent indigenous organic material.
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= ) -17 N. Tffumph B-52 located near the line are candidates for sourcing %13 Whycocomagh N-90 Missisauga
O 27 o) ~18 N.TriumphG-43 the oils and condensates. Other extract located 28 x14 AlmaF-67 Berriasian
aoo ¢ 19 Olymp!a A-12 deep in the Terrestrial domain of the diagram can / MARINE ©15 Cohasset A-52 Logan Canyon
o _— MARINE :2‘1) S:r/"::k'z '_“;;2 be discarded as source of the Nova Scotia oils and 29 ©16 Cohasset A-52 Logan Canyon
condensates. The piston-core seeps originate from =17 Cohasset D-42 Misaine

28 *22 Primrose A-41 a very distinct source rock. The isotope correlation / ~18 CohassetD-42  Misaine
%23 Primrose N-30 of the piston-cores with Morocco Sidi Rhalem and 30 ¢19 EvangelineH-98  Naskapi

[ Essaouira/Mescala ©24 Sablels. E-48 Cap Juby MO-02 oils known to be sourced from the m20 Glenelgl)-48 Tithonian MFS/Oil-based?

-29 ) +§: Z:E:Z :z 2;1858 Toarcian source rock supports the presence of an 3 , , , o z fs’:E:: :: E‘LS? rlua;:zl/;:i::::von

; P Early Jurassic source rock on the Nova Scotia 31 30 29 28 27 26 25 :
.‘ Essaouira/Sidi-Rhalem 27 S.Venture 0-59 . . . 23 $.Venture 0-59  Top Baccaro
,s ® 28 S Venture 0-59 margin (c_onjugate to the I\_/Iorocco_margm). The $13C sat
B Essaouira/Mescala MO-02 oil does not plot with the piston-core group . ) _ _ . _ ,

-30 *+29 Thebaud C-74 but the new data point from Deep Panuke M-79A Figure 4: Sofer diagram (Sofer, 1984) displaying carbon isotopes (saturates & aromatics) of bitumen
#30 Thebaud C-74 exhibits a 513C aro = 25.2 per mil PDB comparable extracts from rock samples (green dots of Figure 2) selected from various wells and stratigraphic
®31 Venture B-52 to MO-02. The difference in saturates could be due intervals. Only the bitumen extracts located near the line are candidates for sourcing the oils and

32 Venture B-13 to biodegradation of the MO-02 oil condensates of the Nova Scotia margin.
-31 ' ' ' ' ' ' %33 Venture B-43 )
-31 -30 -29 -28 -27 -26 -25 @ Piston-cores References:
13 © Rocks Extracts Mukhopadhyay P. K. 1990 Characterization and maturation of selected oil and condensate samples and correlation with source beds. Report, to Scientific Authority, Jon A. Wade. Bedford Institute of Oceanography. Dartmouth, Nova Scotia
61+°C sat B Morocco Oils Sofer Z. (1984) Stable carbon isotope compositions of crude oil: application to source depositional environments and petroleum alteration. American Association of Petroleum Geologists Bulletin, 68, 31-49

Bernard B. B., Allan K. A. and McDonald T; J. (2000) Regional geochemical survey for 2000 Nova Scotia Consortium. SGE Program. TDI-Brooks International, Inc. report, December 2000.

Data - Piston Core Seeps PLATE 5.3.9
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South Griffin J-13 op [Bottomunts|  Mua | WudAdaves | Event | commems Dauntless D-35
I

9242 PR R o =D - FISH tsf  Mud | MudAdditives |
2115 4 M OVERSHOT 2830 STUCK CASING PULLED FREE FISH
330 1001 FT  TREATED GEL
TWO BIT CONES LOST - MILLED 1001 15555 DLS SPERSENE, CROMEX, DIESEL, PIPELAX Mub
4027 7 i OM JUNK & RECOVERED SAME . . .
WITH A JUNK BASKET DLS = Dispersed Lignosulphonate
DRILL STRING PARTED - FISH
40347 I RECOVERED WITH AN
OVERSHOT
THREE BIT COMNES LOST - SOUth Grlffln J'13 Dauntless D'35
4120 i MILLED ON JUNK & RECOVERED 0 0
SAME WITH A JUNK BASKET
103 3429 WM SEAWATER 0 o ‘ <& 500
”’Q’O Banquereau
3429 9176 M SEAWATER - XCD L/ L X z q
1000 1000
917.5 31151 W SEAWATER -KCL MuD P 4
POLYMER 1500
FRESHWATER - LIGNITE, WyandOt

31151 59111 M

LIGNOSULFONATE LIGNOSULFONATE 2000 2000 n
32150 32589 M LA
. . € Marmora 2500 N @ Geochem
3332.1 3450 M
MuD TURBO DRILLED INTERVAL Intra Apt MFS Intr-Apt MFS g gsc

41785 41816 M MOTOR - 3000 - skapi 3000 = Apt-Haut u/c
4340 43562 M = Top Missisauga 3500 B g Missisauga
§ BCU @ GSC BCU
GR_EDIT RPS 2711 Markers TOC (%) S1 {mg/g) S2 (mg/g) HI (mg/g) 53 (myig) 0Ol (myg/g) Pl Tmax °C) Ro (%) 4000 - B Geochem 4000 TopMicMac
S PO SN U o A L T R U S U Y B SO PRI s SO Sy UV U0V POPS Ly PO o AP WAL By O SO HOURS G U DO e Tithonian MES 4500
250 E .
] ¢ ®TopMicMac ¢
500 3 E
3 ’;'f 5000 - 5000 T T . . )
7503 prevs '\T Top OP 0 1 2 3 4 5
1000 -%‘ 7 | 7
1250 3 X Top Callovian MFS
1500 3 v TT 6000 Like South Griffin J-13, Dauntless D-35 was drilled using
1750 % T | Lignosulfonate added to the mud
2000 ¥ \k
2250 ﬂ: ’f» 1l
2500 A § 7000 T T T T )
E s : ) 0 1 2 3 4 5
= 3 Top-Naskapi— [ [
= 3000 Aptian-MES i | LT
S 3250 P X TOC (%)
3500 5
k| ‘&
3750 l\
4000 ¥
4250 4 Kis? i i ﬁ i
47503+
SDDD—f \
E \ ; Global Long-term | Depositional L
5250 3 C%eologlcal Sea Level Stratigraphic settings Lithostratigraphy Main Events Salt Tectonics Se'?““c
E _ NW SE
5500 < Time Scale {Miller, 2005) Sequences | on the Shelf Horizons
5?50_; .......‘Io.p...C.al.l.Q.V.....MES.‘.. i i i i pFeriod  Stages . [150 =0, 50 150 ol
o : h $ 18 EE
=] T
. ndy |2 e Tan g5
The large Hydrogen and Oxygen Indices below 3115m down to TD reflect 1Zle—= i 1 =
ination by mud additive (Li If Below the Tithonian MFS, HI e = G : “”
contamination by mud additive (Lignosulfonate). Below the Tithonian , Wik [, g T Fupstan Q End of major
. . . E Lunstian Ypresian i
values are too high for the elevate level maturity of that section of the well. Fli—= g | g ErkPmen]
Eil:l: E :ﬁEEﬁ m gJ
. - . . . . . 3 Carpanan - NN 3
South Griffin J-13 South Griffin J-13 The Naskapi source rock is well exemplified in South Griffin J-13 B”:g L R camgann g
N 3 o— :ﬁ Turdnizn
’ o &"\QQ v Maximum TOC are slightly greater than 2% O o = o -
OO Q’).’..g 500 | v" Hydrogen and Oxygen Indices (HI & Ol, respectively) indicate a Type Il kerogen at best (see HI x Ol ;.5_3 i comomarn % e S éw
1000 WBeg 0T * *ose GSC data diagram, left) ol §| = T ALES S T | w @
s ¥ Geochem 800 - . O - . . jo e e NN ARRNRN e ST = ma 4 ot K130
» A Naskapi v Vitrinite Reflectance Ro=0.5 to 0.6% indicate incipient maturity only e Q aargnn | _marie cascsner | wissisauca 1| wese < a7
00 | B Missisauga (K137-) v Eastward, the Naskapi source rock is present in Dauntless D-35 e s SSSSSL s = ST T e ]
2000 4 \ (3930-4070m) i : it i v d oo | o NS Zee 0 i M2t * I manquerea] '
Top Logan Canyon . Type = v' For modeling purpose, the following characteristics were retained: == P; f’ oo | e |3 S = M25 wedge
* ‘é 600 | @ Tithonian SR « TOC=2% T ’- Ea— pe— L — @’ Ay L M29- HE:
£ - Top Naskapi e (4370-4390m) == Ssgcan | unimmed carbonsis m
g so00 - Aptan WS g o + Kerogen Type Ili = ’ P e !
& Top Missisauga % _-__, LEGEND Thoisite @ %g gg
¥ 400 A Deep sea stratigraphic markers | vocanks ? gy 10 DU 10 — sz00
= I+ Gas @O ; | BREAURunconFoRE
4000 K137 200 | NOTE: Hern " Dee idi o - L SALT BASIN
. - pwater turbidite 2y L —
[ S SE—— i q a 0 9 o g i o = o
ST e— Yy Type Il v TOC=2% at the level of the Tithonian MFS with HI and Ol values indicating an exhausted source rock e o Lol = pate o [0
5000 - N v TOC=2% at the level of the Callovian MFS il © gg'gme Fock Imew; Basalt Time cale from Ogg. Ogg & Gradstain (2004)
Op overpressure . . . . . . .
pover 100 | g v' The Missisauga formation above the BCU unconformity displays TOC averaging less than1% in South Eustatic curve:
o BAA A A : :
‘ o o® Gl’lffln \]'13 and 15% In DauntleSS D'35 0 100200 gdlglsu—ﬂ]:qﬁ'gﬂs:;:tt::::. mean sea level (intermediate term)
6000 + T T T T d T T T 1 . . o o o oo -Hag'
o 2 s . s 0 % 100 50 200 v" The Logan Canyon formation is also organic-rich in both South Griffin J-13 and Dauntless D-35 but Mean Ses Love Stratraphy modifed from:
T0c ) OXYGEN INDEX remains immature in these two wells and throughout the margin e SRR e Wade ot al (1005) Depluck et sl (2002)

Berriasian to Aptian Sequence - Source Rock - Naskapi (Intra Aptian MFS) PLATE 5.4.2
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Annapolis G-24 top [Bottomfuns|  wua | Mt feent [ commems | South Griffin J-13 | Top [Bottomfunits|____Mud | MudAdditives [ Event]| ___ Comments |
I
s . ] : M

024 5 FISH DRILL STRING PARTED - FISH
5505 5505 FisH MDT TOOL STUCK AT 5525 M - RECOVERED WITH 7 7 RECOVERED WITH AN
OVERSHOT . . : =y R . 31154 M OVERSHOT
3.0 M3 INFLUX WHILE CIRCULATING - MUD WEIGHT TWO BIT CONES LOST - MILLED
5058 5058 M ;EARSFPEETNNED - INFLUX WAS CIRCULATED TO 4007 7 M ON JUNK & RECOVERED SAME
KICK WITH A JUNK BASKET
ce08 eso8 | 4.5 M3 KICK WHILE DRILLING - MUD WEIGHT
INCREASED FROM 1582 TO 1654 KGIM3 DRILL STRING PARTED - FISH
4034 7 M RECOVERED WITH AN
LosT 77 M3 OF MUD WAS LOST WHEN MUD WEIGHT OVERSHOT
5508 5508 I CRC INCREASED TO 1726 KG/M3 AFTER KICK WAS
CIRCULATED OUT THREE BIT CONES LOST -
SEAWATER - PHG 4120 M MILLED OM JUNK & RECOVERED
1714 2532 M SWEEPS MUD SAME WITH A JUNK BASKET
2532 6182 M PARADRLL 1A SYNTHETIC OIL-BASED MUD 103 3429 M SEAWATER
4450 4865 M MUD 3429 9175 M SEAWATER -XCD
INTERVAL DRILLED WITH DOWNHOLE MOTOR
4998 5058 M MOTOR 0175 | 3115.1 Im SEAWATER - KCL MUD
’ ’ POLYMER
FRESHWATER - LIGNITE
31151 59111 M !
LIGNOSULFONATE LIGNOSULFONATE
32159 32589 M
3332.1 3450 M MUD
TURBO DRILLED INTERVAL
41785 41816 M MOTOR
4340 43562 M
GR_EDIT RPS 2711 Markers TOC (%) S1 {mg/g) S2 (my/g) HI {mg/g) S3 (mg/g) Ol {mg/g) PI Tmax {"C} Ro (%)
50 100 a 05 10 3 a 1 2 30 25 5 75 a 200 400 a 5 10 0 200 400 a 05 1420 430 450 05 1 _ . .
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] 4 3 3500
4000 - 3. . E 1
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] { 5000
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£000
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. Q ; Global Long-term | Depositional - : : e H : :
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\ - i<|& = [T z
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g 400 - s 4000 ’¢ 2 ¥, Early Albian MFS-Cree - E 0 1000 - ,QQ
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= 1 o o 7 TopMissisauga ju e 25 i e E e o * | )
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| 3 : - St o : A Nask
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6000 ‘& *Berriasian-Valanginian source rock ? 120 - E E Apen L Shale M0 > issi
100 - //—\ | . i5 =2 < )_ Coper s Zﬁ K130 e 700 " B Missisauga
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e ] ; e e || 2 = ng = z (4370-4390m)
OXYGEN INDEX TOC (%) — £ Cutardian s [\ B 12 M25 wedge € 4 T0p Naskapi >
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* Kerogen Type Il " Deepwater turbidite 3 R T T—— / Type Ill
. . .. . . . . i TS 200
« The Berriasian/Valanginian source rock is considered minor but it honors the presence of R B . mm hoe 5000 .
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Source Rock - Berriasian PLATE 5.4.3
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Louisbourg J-17 South Griffin J-13
924 5 M FISH DRILL STRING PARTED - FISH
270 " FISH 660 MM HOLE OPENER STUCK - FISH RECOVERED WITH AN
RECOVERED 31154 Y OVERSHOT
386 6 " DRILL COLLARS DROPPED IN HOLE - FISH —
: RECOVERED v TWO BIT CONES LOST - MILLED
BOTTOM HOLE TOOLS & TEST STRING STUCK i 40277 M ON JUNK & RECOVERED SAME
5475 M IN HOLE AT 5475 M - TEST STRING g';g‘; WITH A JUNK BASKET
RECOVERED -TOOLS LEFT IN HOLE 2zt DRILL STRING PARTED - FISH
8385 y LOGGING TOOL STUCK IN HOLE - FISH NOT i :I 4034 7 M RECOVERED WITH AN
. RECOVERED i OVERSHOT
[N
PERFORATING ASSEMBLY STUCK IN HOLE AT '-l I'. - THREE BIT CONES LOST -
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STRING - NOT RECOVERED - SAME WITH A JUNK BASKET
INCREASED MUD WEIGHT BY 97 KG/M3 (FROM
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4340 43562 M
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_ Muki g Top Logan Canyon < Type Q@ EBabomamdR
£ o0 = . W 600 1 (4370-4390m)
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Organic facies in the interval J150 to K137 (Tithonian)

DEPTH TOC VRRo
(m) %) (%)

3995 3.36 0.7  mildly anoxic (shallow marine)  Terrestrial
4005 1.71 0.7 mildly oxic (shallow marine) Terrestrial
Reference:

P. K. Mukhopadhyay & Wade J. A. 1990. Organic facies and maturation of sediments from three Scotian Shelf wells. Bulletin of Canadian Petroleum Geology, Vol. 38, No. 4, pp. 407-425

OXIDATION LEVEL

ORGANIC INPUT  TYPE

KEROGEN OIL/GAS
POTENTIAL
11B-111 Gas/Cond.
1] Gas

Organic facies in the interval TD to J150 (Mic Mac Oxfordian?)

The Tithonian source rock is well exemplified in Louisbourg J-47 and South Griffin J-13

DEPTH TOC VRRo KEROGEN OIL/GAS
(m) (%) (%) OXIDATION LEVEL ORGANIC INPUT TYPE POTENTIAL
v" Maximum TOC reaches up to 7%, averaging 3% in Louisbourg J-47 at a
5455 2.15 ~1.3 mildly anoxic (shallow marine) Mixed 1B Cond./Oil/Gas a _ 0
5580 0.49 ~1.6 mildly anoxic (shallow marine)  Terrestrial 1IB Gas/Cond. v" Moderate level of maturlty of Ro=0.7%
5655 312 181 mildly anoxic (shallow marine)  Mixed 8 Cond./Gas v" Hydrogen and Oxygen Indices (HI & Ol, respectively) indicate a mix Type lI-lll kerogen (see HI x Ol diagram, left)
v

In South Griffin J-13, the Tithonian source rock is deeper buried but quite more mature with HI x Ol values showing a generative potential exhausted
» For modeling purpose, the following characteristics were retained:

* TOC=5%

» Kerogen Type II-lll

Source Rock - Tithonian PLATE 5.4.4
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Abenaki J-56

LogT  LOST CIRCULATION MATERIAL
8725 9300 CRG  ADDED: MICA, NUTPLUG &
CELLOSEAL
T
0 TREATED
L)
..‘ .. 435 130 FT -
o
HEl DIESEL (9312 & 14650 FT), MUD
= 1130 14091 DLS SPERSENE, CROMEX, CELLOSEAL,
“. ". NUTPLUG, PIPELAX
1
[} . .
S DLS = Dispersed Lignosulphonate
o
‘\\
GAM Markers TOC (%) S1 {mg/g) S2 {mg/g) HI {mg/g) S3 (mg/g) Ol {mg/g) Pl Tmax {"C) Ro {%)
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~N
0 1000 (/]
&
500 900
1000 800 P Misaine
= Missisauga
1500 700
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2000 & 600 Typ
— [a}
E z
£ 2500 & s00
§' M Imp §
. [a)
3000 Base Missisauga ® B Mukd I 400
[
3500 300
]
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The Misaine source rock in Abenaki J-56

v' Abenaki J-56 is contaminated by Dispersed Ligno-Sulfonate (DLS). However, low Rock Eval S1 peak (free hydrocarbons)
suggest that the contamination is minimal if any
v" HI x Ol diagram indicates a Misaine source rock partly depleted in generative potential (HI=100), consistent with a level
of maturity Tmax=441°C and a Ro=0.8% applied to a type Il kerogen
v' The Misaine source rock is honoring the fact that it corresponds to maximum flooding surfaces of the Callovian but it is
considered minor as it is substantiated by only one well — Abenaki J-56
v" For modeling purpose, the following characteristics were retained:
* TOC=3%
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The Early Jurassic source complex L.V. Duarte et al. (2006) publication reports the following : - .
£ [@INEE
v'  Liassic sediments are missing in all wells drilled down to the Trias, except for Uniacke G-72, located down slope of the shelf edge Reference: _ o _ _ § 5|2 (EIS|E[E ¥ heie
.. K . . . . . . . . . . L.V. Duarte, R.L. Silva, L.C.V. Oliveira, M.]. Comas-Rengifo, F. Silva £ § EOP ol% ; .
prevailing at the time. Uniacke G-72 encountered remobilized Liassic clastics. Further out, Liassic sedimentation is expected to have (2010). Organic-Rich Facies in the Sinemurian and 8|%| 5 [o8|af2 g
taken place in the subsiding part of the basin. Pliensbachian of the Lusitanian Basin, Portugal: Total organic & i"éfa'l.', 2008)
v' On the Portugal side of the opening proto-Atlantic ocean, Sinemurian, Pliensbachian and Toarcian source rocks are known to exist. ?ar_bon distribution and relation to transgressive-regressive 3 7
. o . . . ] acies cycles . Geologica Acta, Vol. 8, No. 3, pp. 325-340. © | Lemede '
There is therefore et strong possibility that their equivalent be present on the Nova Scotia margin. S| Fm. } Figueira da Gowibia
v On the Morocco margin, Toarcian source rocks are proven. Rarcastatum. Key 5|” , PR L. S ... ..
zones Dnmmmsandlimsshnss g g v Moel kL i R —— B lieEiitilliiiii iti et iiiii i
E (J.rganlc;ri:I:“:naﬂs E - ﬁ‘&’-‘“
= " Seeme 05 10
In Portugal i Sl u? e S
Luiz Carlos Veiga de Oliveira et al. (2006) publication reports the following : Peniche Basin (Luiz Carlos Veiga de Oliveira et al., 2006) - el < — ; > rocwen : !
i ) i [H Tejo-Sado Cenozoic Basin ‘g D E Sl g S i— g |
Reference: o _ v" The Mncb Member (MLOF* Mbr. in L. V. Duarte, 2010; see Figure 3 on the right) of I Basement o8 é o i K B e 07
Luiz Carlos Veiga de Oliveira, Rodrigues R., Duarte L. V. Lemos V. B. . . . . . . . 2 sl | % S : -— - TOC twi%)"
i (2006). Ava|iagéo do potencia| gerador de petré|eo e interpretagao the Vale daS FonteS Formatlon Of PllenSbaChlan age IS dEfInItely an OrganIC-l'ICh TOC Values g i w 'E. ';. Mont
paleoambiental com base em biomarcadores e is6topos estaveis de i i 0 i 0 - 121 - = | e ] 1 Onemor-0:
e bono s sec0 Plonebauion - Taarciano nfori Gurdssice source rock W|t_h TOC up to in excess of 14%, averaging 3.8% over the Mncb O o [Jrssn A\ 7 g || |8 g { g
Inferior) da regido de Peniche (Bacia Lusitanica, Portugal). Oil interval 28m thick (see Flgure 2) O % [0 12% A <os% S z E i g % | Iﬂ‘ }
generation potential assessment and paleoenvironmental H ) i Qe |
S S nterpretation based on biomarkers and stable carbon sotopes of ¥v' An bitumen extract from the sample at 72.12m analyzed by Gas Chromatography — _ — g & !’ 5 r_
& y & the Pliensbachian - Lower Toarcialn (Lower qurassicg of the Pgniche Mass Spectrometry (Figure 4) displays a large Gammacerane peak on the m/z 191 Location map and TOC distribution in <] L Vet 15
) < . B. . : . . . . . . o T 0
§ Espanha g Geagrl:gi?o(,Lf '1ti,n'r?.nz,BS.Sg‘é;ggz?;)aigngfozcéozetm fos Riode trace shown below. It_compares closely with the trace gf a condensat.e frpm DST#6 the Sinemurian of the Lusitanian Basin % = |§, s ? % 1oC W)
il - &rz? of the Venture B-13 discovery well offshore Nova Scotia also shown in Figure 4 (L. V. Duarte, 2010) 3 a .l A it
9 below. E|E £ o o
* MLOF = Marly Limestones with Organic-rich Facies s 8 i ¢ i e T
Penich , N . sl |8|8|2 .
| Peniche o Lusitanian Basin (L. V. Duarte, 2010) % § % g s ) g —
BL BaiiiaaLt;siIAnaicr:e . _ . . i ] . ) e § 'le-Zv\;t%S_- » o 5 16
s Location map — Peniche Basin v In addition to the Pliensbachian source rock, Duarte et al. (2010) reports a very rich ik 3|28 ; rid
haerifonraiBiceadii L. C. Veiga de Oliveira et al. source rocks of Sinemurian age in San Pedro de Moel area (see location map & 3
B Eroesamento Gristaino (2006) Figure 3) exhibiting maximum TOC in excess of 20% for two samples, otherwise of - © Crocwey
richness comparable to the Pliensbachian described by Luiz Carlos Veiga de
Oliveira et al. (2006) over a similar thickness. Figure 3: TOC distribution in the uppermost Sinemurian-Pliensbachian of
w eslef| 28 the Lusitanian Basin (L. V. Duarte, 2010)
<88 g"- g g Litologia metros| Contetido Orgénico Total
SR IRAE
NJ6
""" Gammacerane — contaminant or indigenous?
\ j v/ Cutting extracts were analyzed for Gammacerane based on the principle that
sl 2 cuttings would be most affected by a gilsonite type of mud additive containing
§ Gammacerane in Venture B-13 DST#6 condensate Gammacerane._ . . . .
= _ v" Results shown in Figure 5 are that Gammacerane in the 4570m cuttings, just
iR 3 v Gammacerane found in the Venture B-13 condensate of DST# 6 sample compared to the above the tested interval is not anomalously abundant, whereas it is in the 4580m
i . E extract from an organic-rich Pliensbachian sample (see Figure 4 below) strengthen the simple cutting below DST#6
) T == analogy with the Peniche Basin, providing a direct argument in favor of the presence of v' This distribution of Gammacerane in the cuttings tends to demonstrate that
L potential Liassic source rock on the Nova Scotia margin Gammacerane in DST#6 condensate is not contamination by mud additive
-1 v' Of course, due to largely generalized use of mud additive during drilling operations on the Nova
1H o Scotia margin, contamination in the Venture B-13 well needed to be checked s
Z| v" In normal circumstances DSTs should not be affected by mud contaminants. However, if the e
8 NJ4a _ . . ) 2 . : . - VENTURE B-13
gl | " reservoir tested was invaded by mud fluids prior to testing, it may give back contaminant in the .
= £ 5 E test s Cutting extract 4570m
2 e - u Basal Missisauga
NJ3 MU . VENTURE B -13 16000
] s — : - Condensate s
0O 4 8 12 16025 w0 DST#6 4572 —79m Gammacerane - Gammacerane
COT (%) S2 (mgHC/g rocha) e o \J\h L
3500 6000, H
. . . . 1
Figure 1: Stratigraphy, Lithology and Rock Eval Total Organic Carbon content (TOC) & 3000 = JL
source potential (S2) 0o i Al | M‘MW’MWWf—m
2000 Time—> ° E&]O E.‘Dﬂ m.‘m |Z.‘OD M‘CIG 16!00 13.‘Dﬂ 20!00 22!OD z4‘uo ZE‘DG IBJDE GD‘OD 31!00 34!(10 lﬁ!Dﬂ JE!OD 4D‘ED 42‘00 44.‘Dﬂ
DIAGRAMA IH( SZ/COT) / IO( S3 /COT) 1500 Abundance lon 181,00 (180.70 to 18170): X11282D
1000 T ———— 1 15000
i Unidades e Nova SCOtia e VENTURE B-13
i o co2. e — o Cutting extract 4580m
d - ;S&fos @ Vale das Fontes Fm. o Basal Missisauga
i g Vg Member Mcnb "
% Rock extract 72.12m -
(3
Modified from Duarte et al. (2010) oo
H o N A Gammacerane
l G000
d 5000, A%
r 4000 | ‘
Wyl
| 2N
A e i 1000f W
" soRoL g2l U““LLMM\AJ,UALW‘ bk J.LU‘JL,JJW'M
i fime->  ebo  BBo 1080 1200 1400 1800 1800 2000 2200 2400 2600 2800 300 3200 2400 3800 ssoo  4nop 4200 4400
0 Figure 2: Diagram of Hydrogen Figure 4:Biomarker traces (m/z 191). Gammacerane is present in the condensate of Figure 5: Biomarker traces (m/z 191) of cutting extracts from
Index x Oxygen index (HI x OI) Venture B-13 DST#6 and in an extract from the Mncb Member of the Pliensbachian Venture B-13. Gammacerane is not anomalously abundant at the
for samples of Peniche Basin Vale das Fontes Formation depth just above DST#6 (4570m) but well developed at 4580 m,

indice de Oxigénio just below the tested interval
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Gammacerane & depositional environments
In Morocco v G f i by reducti f h l. Th f h I be b [
Based on data graciouslv provided by Geomark Research Inc.: i : >ammacerane forms by re uction of tetra ymanol. The source o tetra ymanol appears to be bacterivorous
g yp y \IfvaEIZIIt\J/ildOiLrE:'sQnéls (Nova Scotia) ciliates, which occur at the interface between oxic and anoxic zones of stratified water columns.
base salt canopy r;1ix Gammacerane v' Abundant Gammacerane is believed to indicate the presence of stratified water column.
v Although stratified water column can result from both hypersalinity at depth (halocline) and temperature
C35/C34~1 . . . L L i :
(thermocline), high abundance of Gammacerane is mostly found in high salinity environments and evaporites.
v The most likely environments for a source of Gammacerane on the Nova Scotia margin would be:
 Early Jurassic (Liassic), post-rift with high salinity at the end of the Argo salt deposition changing
o et progressively to carbonate and more open marine environments, or
L : . o * Triassic.
EsSSaouira Basin s e P e =el  HERON H-73 (Newfoundland)
Field: Sidi Rhalem “MO1oL S | DST#6 2294.00 — 2306.00 m Homopane C35/C34 ratio & depositional environments
: N . =20 Grand Banks v'High Css-homopane compared to Css-homohopane (see Figure 3) is commonly associated with marine
Tarfaya Bésin'(Cap Juby) 4 B g Gammacerane carbonates and evaporites. It is at least a general indicator of highly reducing marine conditions during
Field: M-02 ot " & RN, N 480000 deposition (Peters and Moldowan, 1991) providing a highly favorable environment for source rock deposition
PP, i 7 , s o and preservation.
% e L Css/Caa>1 Gammacerane & Homopane C35/C34 ratio
x A l A 1] L - A A MLV AWM M AL

v C35/C34 homohopane ratios in oils and Gammacerane abundance in oils, condensates and fluid inclusion oil
presented here (Figure 3) do not show a direct relationship. The source rock portion of the Pliensbachian Vale

LA

A
ime—= 10.00 12:00 14.00 16.00 168.00 2000 2200 24100 2000 28l00 3000 22.00 24100 3000

ppm C30 Hopane: 1801 das Fontes Formation of Portugal displays Gammacerane but the C3s/C34 homohopane ratio does not exhibit
R — any sign of highly reducing conditions, yet it is associated to an organic-rich source rock well preserved, the
MO-2 field (Morocco) ' facies of which is marly rather than pure carbonates (Duarte et al., 2010).
\ SUMMARY . 38000 i . : . - :
:-uﬁiiﬁéfﬂﬂ STADLART g‘:ﬁ‘?t;, 2000 26-4u2-10 Tarfayat basin Gammacerane v' Taking Gammacerane and the Css/Cas homohopane ratio as indicators of salinity and, reducing and/or
Basin: Essaonira Are: Oxfordian Sample 0 OO0 weey  Cap Juby o carbonate deposition conditions, respectively, supports the environments foreseen for the Early Jurassic
Field: Sidi Rhalem Formation: m—:; 2-3::“‘ 24000 5 c source rock complex based on the Moroccan and Portuguese margins.
Well: 1 & ©
) . m C30 Hopane: 1030 e C35/C34>1 o v'In addition, organic-rich Toarcian offshore Morocco, DSDP Leg 79 Site 547, consist of black shale is
Graciously provided by e Opane. 1200 T1 % associated to a carbonate environment of deposition without any sign of hypersalinity. Accordingly, the
Geomark Research Inc. o #0004 | L c hopane trace (ion 191) of extracts from several black shale samples collected and analyzed for this study
Essaouira basin " PLALL BT R L LT B U B c display very lean Gammacerane content only, nothing more than a usual background (see below Figure 4).
pem O30 Hopane: 1038 8
I Sldl Rhalem fleld GammaC erane Lo . on 10100 SO0 (D '""""“""f Fle  \S5-caligerimsd_dalaExractsX1 12730 on L0 LIT0 0 T1ITE MTR0
. Sidi Rhalem field (Morocco) > o e B No Gammacerane | Figure 4: lon 191 traces of three samples of
Essaouira basin = L i i
] _— Gammacerane ) - Toarcian black shales from DSDP Leg 79 Site 547,
- < ! G: Gammacerane well 547B. These traces display no or background
. L - | | abundance of Gammacerane. The shallow depth of
] 0 C35/C34>1 e . .. .
) : se samples explains their i urity unusu
O . A : |‘ these samples explains their immaturity and unusual
] L | 3 signature. Location, analytical results and geological
. 100 D oomef | ’\ | i | . .
w 0 I ilel 0w | context are discussed in the next Plate
P LW R I
- = B [ ] n F T T T 1 — - J AN ML AL 31
= L] T L] 1 L] T T T 1 T T T I E-ulne 40 I —mlnm Bl o Toos il )
e a1 e Em P B i Core sample @ 847.55m ‘ ( } |
6000 ) 3000 “ 2 }
Figure 1: Biomarker traces (m/z 191). Gammacerane is present in the oil of the Sidi Rhalem field, 5500 VENTURE B-13 (Nova Scotia) - L | | i. ARLLLLY J)I\}_[jd\mlJ_J.,H/ff'-"**'f
i i 5000 Condensate e 'TJ‘“JTWT“J‘IT“VJ‘.”"**."”.FITA/M"“U e —
Essaouira Basin, Morocco DST#6 4572-79 I R R I T M M T I T I M M MM
sae -sm Gammacerane e
GEOCHEMICAL SUMMARY SHEET 3500 -
Couniry: Morocco Diepth (ft); TOST 26-Amgz-10 000 o002 Core sample @ 891.11m
Easzin: Tarfaya Aze: Upper Jurassic Senple I ALO0002 2500 0
Field: MO-2 Fomstion: Puerto Cansado LAT: 26.3167 - Cas/Cas<l - -
Well: MO-2 LOMG:-13.0022 o - Little Gammacerane
Graciously provided by pom C30 Hopane: 1801 e i =
Geomark Research Inc. .
_ ion 191,00 51010300 ¢ \ale das Fontes Fm. (Portugal) | -
Tarfayat basin @ \icnb Member . Hi
= MO-2 field Gammacerane ‘WM Rock extract 72.12m @EIF Gammacerane . )LN [ LIl Il | I“ AR LII.H,,J'WM——w
— M Vodified from L. C. Veiga de Oliveira et al. (2006) » it b L Sl SNV
Cap Juby e e e = T Ce o mmm e
24000
12000 «, -
C35/C34<1 o Core sample @ 892.79m
12000 CE T e 14000
: oo Some Gammacerane
000 .
o — .l —— P Figure 3: Biomarker traces (m/z 191) of various oils, condensate, extracts .
T 4000 =l ) E0.00 TO.O0 BOOO and HC fluid inclusion all exhibiting Gammacerane and a homohopane - \
C3s/C34 ratio. A low C35/C34 ratio <1 is commonly associated with marine =
Figure 2: Biomarker traces (m/z 191). Gammacerane is present in the oil of the MO-2 field, Tarfayat carbonates and evaporites. It is at least a general indicator of highly -
Basin, Cap Juby, offshore Morocco reducing marine conditions during deposition (Peters and Moldowan, 1991) - _L L Uh
e \
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00 = 20 T T T T ]
1 ' e Core Lithology Age Organic carbon (%) ‘
In Morocco (Cont|nued) Modified from Rullkotter et al. 1984 . § o 1 2 3 4 s s
E ’B‘::wnflur‘.‘nml!eul— ‘E ]
1A Y a °
Geologic cross section along Meteor seismic profile 53-08 (A-A') i i i Site 5
through DSDP Sitos 544, 547 (projected). and 545 (projectod) Gammacerane quasi absent in the Early Jurassic of DSDP well 547B Canozole €0 = = T 32:".,';:‘:‘ ‘
. . g . rown clayey ks ipboar
v' The Early Jurassic offshore Morocco, DSDP Leg 79 Site 547, consist of black shale Cretaceous  AD » Pt s ™ g [k
associated to a carbonate environment of deposition without signs of hypersalinity Jursssic and Trisssic @O . - g:..«,{g..' , HAN
ant o (Figures 2 & 4). ol o 15 ° ‘
_ 200} . . . . . . ; e ‘Nennotomli chak g TVE;' 2
. v' The Triassic section of the well 547B consists of red beds as shown in Figure 2 and i LT . .
s Map in Figure 7 (Eurydice equivalent on the Nova Scotia margin). 5  Seriamoss: 0] o ° e o
§ 4000 % - w X s
oo v' Consistently, the hopane traces (ion 191) of extracts from several black shale samples ¥ ‘ Zo [l 4 A 2| e
. . “‘ and claystons ™
000 collected and analyzed for this study display very lean Gammacerane content only, P ‘ : § :
? ——— nothing more than a usual background (see below Figure 6). % 400} ) / . S <
Distancs (km) oo from Hingof al. 1682 % \\\ A J | ?:r:::v:;:'cuk & 3 g
odfied fom nzelal v' Gammacerane is a proof of the existence of an Early Jurassic source rock. Its absence € [ = . ! e
Figure 2: Cross section showing well locations of does not indicate the absence of an Early Jurassic source rock but the absence of g‘ 3 ;| e = |
DSDP Leg 79, Sites 544, 545 and 547 hypersaline (or water stratified) environment of deposition. i3 § Fenl i = 5
¢ £ . =
9 .’ 4 I £ i roenish nannafossi| i o
R ¢ - < °1E oo [0
: : I 200 |- i Dl * —— 3|1}
Figure 1: Location of DSDP drill sites g /‘/ ) l ot e i S g
: S References: A [ oo & e R =
Leg 79’ Site 547 (Wlthm re_qtangle) on J. Rullkotter, P. A. Mukhopadhyay, R. G. Schaffer, D. H. Welte (1984). Geochemistry and petrography of organic matter in '/. /S o = % g
the Morocco margin (modified from sediments from Deep Sea Drilling project Sites 545 and 547, Mazagan Escarpment. . S | F [rses % =
Rullkotter et al. 1984). Hinz K., Winter E. L., Baugartner P. O., Bradshaw M. J., Channel J. E. T., Jaffrezo M., Jansa L. F., Leckie R. M., Moore J.N., 7% ~ | (—— e NNy 1 e { el oe 38
Rullkotter J., Schaftenaar C., Steiger T. H., Vuchev V. and Wiegand G. E. (1982). Preliminary results from DSDP Leg 79, A A E.ou [BE 23 . =
seaward of the Mazagan Plateau off Morocco. In von Rad U., Hinz K., Sarnthein M. and Siebold E. (eds.), Geology of the o - a .‘A s A, » Bl Bt 22
. X . . . . A \ = *®
EXPEDITION SITE  HOLE CORE SECTION SAMPLE LOCATION SECTION I TOP_DEPTH BOTTOM_DEPTH ANALYST REQUEST EQUESTPAR TWPE VOLUME  SAMPLEDATE  REMARKS HALF  MBSF TOP MCD_TOP Northwest African Continental Margin: Berlin-Heidelberg (Springer-Verlag), pp. 23-33. fa O " Hos 0 —— T TN okl K
(Leg) 0 - 4 <l aa I ee e *
™ S B 15 2 M4 BGR 95K S 9 WH o A 5 1125/2010103556AM WIS s n 100 200 300 400 800 o fEEEEEH Micrtie nodelar sl | 2
JE] 547 B 1 421955  BCR 970671 1 18 WH 2219 A 5 11/25/201010:40:45 AM w 89111 89111 Oxygen index (mg Coz;‘l con,; - 8
79 547 B 20 1 442196  BCR 970671 130 133 WH 219 A 7 11/25/201010:48:27AM W 8923 8923 T ve——————t L L . . . 168 FIvIvlsl Nodular limestone § - % ° - o
™ s B W 2 M5 BR 9066 B 2 WHo ol A 8 11/55/200105L49AM Wl sum o a5 ware Acatod BIOWARKS Figure 3: Hydrogen versus Oxygen indices from SriEy and black shale TlE
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Table 1: List of the core samples collected from DSDP well 547B for analyses. ] | \ ] T — i |
so0c 3 °
1000 -
j: l A 3O|.I 31 ‘ ‘ |_ssol =l 9 A . L L " . ‘
Depth| Sample | Qty [Tmax| s1 S2 S3 PI s2/s3 | Pc(w) [ToCEy] HI ol i Il ol | TD. 1030
| | l | | . . . .
0 9107 70.7( 442 0.74 12.21 0.55 0.06 22.20 1.11 5.05 242 11 w i ‘ .)‘ i [/l 32 | F|gure 4: Total Orgamc Carbon measurements in DSDP
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0 0107 70.4| 442] o0.72] 1218] o063] 006 19.33] 1.11] 509 239 12 : : - EC MA reconstruction (end Of r|ft| ng)
Table 2: TOC/Rock Eval data acquired on the cores samples collected from DSDP well 547B. e D S . /Pl b h I 't 1 90 M - Extent of halite (Labails)
(Yellow outline: TOC/Rock Eval standard; Red outline: source rock samples (see Biomarker - Core sample @ 891.11m ( Inemurian [enspacnian iimi ; a)
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Figure 5: Picture of the cores from DSDP well 547B. The spots where the samples were presented in Figures 1, 2, 3, 4 and 5. rock extracts and hydrocarbon fluid inclusions. Gammacerane is absent or in very low abundance in Early Jurassic organic-rich intervals of DSDP wells
collected from are outlined by circles. TOC are from the data listed in Table 2 547B. Also, there is no salt deposited in the Triassic/Jurassic interval of well 547B (Figures 2, 3, 4 and 5).

Source Rock - Early Jurassic Source Complex - Sinemurian/Pliensbachian/Toarcian PLATE 5.4.8




PETROLEUM GEOCHEMISTRY

Laurentian Sub-Basin study - CANADA - June 2014

Gammacerane distribution

The most convincing Gammacerane occurrences supporting the existence of an Early Jurassic generative system are:

« The Gammacerane observed in the fluid inclusions in the allochthonous salt of the Weymouth A-45 well on the Nova Scotia margin (Figure 1),
« The Gammacerane observed in the Pliensbachian source rock of the Peniche outcrop on the Portugal margin (Figure 2), and
« The Gammacerane observed in the oil of the Cap Juby M-02 and the Sidi Rhalem fields on the Moroccan conjugate margin (Figure 3).
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Figure 1: Hopane traces (m/z 191) of hydrocarbon (HC) fluid from inclusions in salt at show Figure 4:Biomarker traces (m/z 191). Gammacerane is present in an extract from the Figure 2: Biomarker traces (m/z 191). Gammacerane is present in the oil of the MO-2 field, Tarfayat
significant amount of Gammacerane in the salt canopy at Weymouth A-45. In the Mncb Member of the Pliensbachian Vale das Fontes Formation Basin, Cap Juby, offshore Morocco

autochthonous salt at Glooscap C-63, there is no particular Gammacerane anomaly. In
addition, in the Weymouth A-45 bottom mix gathering several samples from the basal part of
the canopy, the homohopane ratio C3s to Cz4 equal to 1 suggests that the source rock of these
HC inclusions deposited in a carbonate environment.
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Oil seeps rank 2 i L e "l L = “” - seeps from piston-cores and data from Morocco margin graciously provided by Geomark Research, Inc.. Yet many of the extracts do not qualify as source rock for

the oil and condensates from the Nova Scotia margin (see Sofer diagram below), some do. Along the Sofer line (Sofer 1984), §13C of the source extracts lighter
than oil/condensates suggest a lower maturity of the source samples analyzed.
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The piston-core seeps displaying 8'3C ranging in the -30 to -31 per mil for the saturate fraction and -29 to -30 per mil for the aromatic fraction are isotopically

Cores selected for isotope analyses lighter than the oil/condensate and their qualifying source rocks, indicating a different source rock for these oil-seeps.

|

Comparison with Morocco oils (see location Figure 2) known to originate from the Toarcian source rock suggests that the piston-core seeps could originate from
an Early Jurassic source rock possibly present on the Nova Scotia margin:

* The oil from the Essaouira field of Sidi Rhalem is isotopically compatible with the piston-core seeps (Figure 2)

* The MO-002 oil from the Tarfayat Basin (Cap Juby; see location Figure 2) known to originate from the Toarcian source rock displays isotopic values apparently

Nl

= e WIQiSSOSS T NSSl48 compatible with the bulk of the Nova Scotia oils and condensates yet its biomarker present characteristics of hypersalinity (gammacerane) of an Early Jurassic
=l J i ‘ ‘Jm J |“ (Toarcian) source rock (see Plate *****), However, the MO-002 oil is severely biodegraded, which may be the reason for the drift of its isotopic composition
il J ML'?MA‘JJ‘“v-"'«‘"‘“u* ; - toward heavier values.
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Figure 1: Location of the piston-cores analyzed for carbon isotopes (yellow dots). The gas-chromatograms show that the samples extracted 75\ s

from the piston-cores are as little as possible contaminated by recent indigenous organic material.

Figure 3: Location of the Morocco oil samples used for comparison of oils
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Figure 1: Low Gammacerane abundance in piston-core seeps - J_Jl A
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Piston core conclusions Figure 2: Low Gammacerane abundance and absence of Oleanane in all piston-core seeps analyzed for stable carbon isotopes.

* The tight isotope group (Figure 2, Plate 4-4-7b) formed by the piston core samples separates them clearly from the
condensates of the Shelf gas discoveries and suggest that they are all originated from the same source rock

» Good match of the isotopic signatures with the Sidi Rhalem oil of Morocco sourced by an Early Jurassic
(Pliensbachian/Toarcian) source rock (Figure 2, Plate 4-4-7b) suggests and supports the presence of an Early Jurassic
source rock on the Nova Scotia margin.

+ Gammacerane “normal”’ does not suggest hypersaline sourcing. Gammacerane is absent in the Toarcian source rock in the
DSDP well 547B (see Figure 6, Plate 4-4-7a)

» Absence of Oleanane precludes any Late Cretaceous sourcing (Figures 1 & 2, this Plate 4-4-8a)
THESE ARGUMENTS SPEAK IN FAVOR OF PRESENCE OF AN EARLY JURASSIC SOURCE ROCK
* On the western part of the margin, under the slope, the Early Jurassic source rock is the only one mature.

» Going east, other source rocks become mature up to at least the Tithonian one, which could also feed the seeps.

» The effect should be to spread the tight isotope seep group toward the discovered oil/condensates group but this does not
happen as if the Early Jurassic source rock was the only one feeding the seeps.

THIS OBSERVATION DOES NOT SPEAK AGAINST THE PRESENCE OF AN EARLY JURASSIC SOURCE ROCK BUT
WEAKENS THE SIGNIFICANCE OF THE ISOTOPIC DATA FOR DEFENDING THAT CAUSE

PL. 4-4-8a
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Source rock characteristics

Lower Cretaceous — Aptian (deltaic)

The source rock was deposited during the Intra-Aptian flooding event as a prodeltaic facies of the incipient Logan Canyon/Cree deltaic development. The source interval coincides reasonably well with the Naskapi shale of the lithostratigraphic nomenclature. TOC/Rock Eval data defining the characteristics of this
source rock are shown in Plate 5.4.2 for various wells from the Scotian Shelf and Slope. Organic richness is only fair with TOC averaging 2%. The organic matter composing this source rock is of a terrestrially derived Type Il as is suggested by microscopic kerogen analyses and Hydrogen Index — Oxygen index cross
plots shown in Plate 5.4.2.

The hydrocarbon kitchen applying to the Aptian source rock is practically never mature enough on the shelf to generate hydrocarbons. The maturity data (Vitrinite Reflectance) for various well locations indicate mostly immaturity except for wells located at present day shelf edge, e.g. Chebucto K-90. As a consequence
of the limited kitchen, the Naskapi source rock does not appear to be a large contributor to the petroleum system of the Nova Scotia margin.

For modeling purpose, the Naskapi source rock is defined as follows:
+ TOC=2%
» Kerogen Type lll, using default Type Il from Temis.

Lower Cretaceous — Berriasian (deltaic)

The age of this source interval is Berriasian-Valanginian (from K137 up) depositing as prodeltaic and paralic facies of the “middle” Missisauga delta. The Lower Cretaceous source rock is absent on the Jurassic carbonate shelf edge. That source interval is diffuse. Organic richness is mostly limited to TOC<1.5% and
the kerogen is of a Type Ill. Plate 5.4.3 displays the characteristics of the Berriasian-Valanginian source rock.

The main reason for defining this interval as a source rock is to test its effect on the petroleum system modeled with Temis.
For Temis petroleum system modeling, the following characteristics are applied:

+ TOC=2%
» Kerogen Type lll, using default Type Il from Temis.

Upper Jurassic — Tithonian MFS (carbonate transition to deltaic)

The Upper Jurassic source rock is present beyond the Jurassic carbonate bank edge. It was deposited at the transition from carbonate to deltaic environments of deposition during the Tithonian maximum flooding event. The source rock of the Tithonian MFS defined here corresponds to the lower part of the Verrill
Canyon formation cited as source interval in P. K. Mukhopadhyay reports and publications. This Upper Jurassic source rock was difficult to identify due to drilling with oil-based mud (Lignosulphonate, Gilsonite and others) at the approach of overpressures, which is almost always coincidentally with approaching the
Jurassic. Oil-based mud contamination strongly affects TOC/Rock Eval data usually by improving the response of these measurements to anomalously high values. The best and only way to overcome the distortion on Rock Eval analyses in defining source rock characteristics is to rely on kerogen microscopy, which
allows for discriminating at least solid contaminants. In that regard, Mukhopadhyay’s work through the years is key for defining the Tithonian MFS as a prominent source rock of the deltaic region of the Nova Scotia margin.

Plate 5.4.4 displays the characteristics of the Tithonian source rock in various wells of the margin. South Griffin J-13 was not screened by kerogen microscopy,.
For Temis petroleum system modeling, the following characteristics are applied:

+ TOC=5%
* Kerogen Type lI-IlI.

Middle Jurassic — Misaine - Callovian MFS

Evidence for a Callovian source rock is limited to one well - Abenaki J-56 - located at the edge of the Jurassic platform. The extension of this source rock beyond the carbonate platform edge is unknown. In lithostratigraphic terms, this source rock corresponds to the Misaine Member. The Misaine is a shale dominated
layer deposited during the Callovian flooding event. After Mukhopadhyay (1989), the Misaine in the Cohasset D-42 well is of Type Il to lIB. In the new stratigraphic framework of this study, the source rock interval coinciding to the Callovian MFS is restricted to the part showing a kerogen Type |IB that is condensate/gas
prone in Mukhopadhyay classification. Plate 5.4.5 displays the characteristics of the Callovian source rock in the Abenaki J-56 well, where it was penetrated and showed significant source potential.

For Temis petroleum system modeling, the following characteristics were applied:

+ TOC=3%
» Kerogen Type IIB (lI-ll; standard)

Early Jurassic Source Complex - Sinemurian-Pliensbachian-Toarcian

A Sinemurian-Pliensbachian-Toarcian source complex was inferred by analogy to source rocks recognized on the conjugate margins of Newfoundland and Nova Scotia, in Portugal and Morocco. The Sinemurian immediately overlaying the Argo salt would offer a confined hypersaline environment, where source rocks
are known to have deposited in rift basins. These confined environments are often prone to the development of ciliate bacteria, which are precursors of the Gammacerane molecule. Gammacerane was seen in the Pliensbachian source rock of Portugal (Peniche Basin) and in Moroccan oils. On the Scotian Shelf, one
condensate from DST#6 of the Venture B-13 well and hydrocarbon fluids from salt inclusions in the Weymouth A-45 well display the presence of Gammacerane. Usually, DST hydrocarbon fluids are clean from mud contamination. However, if mud with Gilsonite additive was used and the formation tested was partly
invaded by mud before testing, there is a chance that the DST fluids be contaminated. On the other hand, in the case of fluid inclusions in salt from the Weymouth well, the presence of Gammacerane is to be trusted as sample cleaning is drastic before crushing the inclusions for gas-chromatography (GC) and
GC/mass-spectrometry (GCMS) analyses. The Toarcian penetrated in the 547B well of DSDP Leg 79, Site 547 did not display any Gammacerane leading to the conclusion that Gammacerane is not necessarily a criterion for defining the contribution of a Toarcian source rock. Depending on the environment whether
hypersaline or not, Gammacerane may or may not be present. Along the Nova Scotia margin, Gammacerane may be associated to a source rock depositing at the end or immediately after the salt of the Argo Formation. At Pliensbachian and Toarcian time, the environment has possibly evolved into a carbonate
environment no longer hypersaline or presenting any other water stratification of any type. This would be the case of the 547B well off Morocco, which penetrated the Liassic section down to a crystalline basement without penetrating any salt and not displaying any Gammacerane. In the Nova Scotia margin, the
extension of a hypersaline source rock would be limited to the rift area occupied by the autochthonous salt of the Argo Formation. Later, once spreading had started, restricted conditions and hypersalinity ceased as the basin opened. Sediments could deposit further, beyond the autochthonous salt area, over the ECMA
volcanics. Source rocks depositing then would no longer contain Gammacerane by lack of water stratification (halocline in this instance). In time succession, the hypersaline source rock would preferably be Sinemurian deposited approximately just before spreading. Then, source rocks depositing later during early
spreading may lose hypersaline characteristics, these would be Pliensbachian — Toarcian in age. To summarize, one or more Early Jurassic source rocks may exist. Their presence is unproven but is worth considering based on the conjugate Moroccan margin.

For Temis petroleum system modeling, one source rock only is defined for the Sinemurian to Toarcian source complex with the following characteristics:

+ TOC=5%
* Kerogen Type Il

Conclusions - Source Rocks of the Nova Scotia Margin PLATE 5.4.12
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Geochemical Analyses

3 wells were sampled and submitted to Rock Eval and Vitrinite Reflectance analyses. Shows or recovered fluids were
molecularly typed.

The objective was to review data for key Laurentian Channel wells and fill gaps in understanding using geochemical
analysis as follows:

mey  |dentify & characterise potential Jurassic (or other) source rocks

* Rock-Eval screening analysis
* Molecular typing of shows or recovered fluids

ey Establish down-hole maturity trends

¢ Vitrinite Reflectance

p Tmax
* Molecular maturity parameters in oils/extracts

ey Detect migrated hydrocarbons

* Rock-Eval S1
* Extraction & GC
* Organic Petrography

=y If migrated hydrocarbons are present, what is(are) the likely source(s)?

* Molecular analysis of recovered hydrocarbons

160 km
[ Ea—  E—

amort Mar 17 2014

= BASIN wells.shp

Analysis
Well
Solvent
Rock-Eval %VRO : GC SAT GCMS ARO GCMS Py-GCMS
Extraction
Bandol-01 28 cuttings - 6 cuttings 2 cuttings - - -
5? st Wolverine G- 95 cuttings 12 cuttings 12 cuttings 4 cuttings 4 cuttings 4 cuttings 1 cutting
Heron H-73 13 cuttings 4 cuttings 4 cuttings 4 cuttings, 1 oil 4 cuttings, 1 oil 4 cuttings, 1 oil -

New Data - Laurentian Basin

PLATE 5.5.2
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~
Bandol-01
The geochemical log for Bandol-01 highlights one of the primary problems in obtaining meaningful
results from wells drilling with oil-based mud, particularly in this region. The red samples have been
thoroughly washed and extracted and contain no useful information on generated hydrocarbons
present, whether migrated or retained in source rock intervals. The blue samples have not been
washed or extracted and show strong evidence of oil-based mud contamination (see Pl values >0.5)
Maturity — Ro%
Rock-Eval™lo o
9 TOCk) $1(mglg) 52(mglg) Hl(mgig) S3(mglg) Ol(mg/q) Pl T-max (°C) ' Bandol-01:  Existing results (diamonds) inconclusive. New data
0 5 0 25 0 &5 10 15 0 250 500 750 0 10 0 100 200 300 00 05 10 400 420 440 460 1 P RTErE— : : :
04 sl ) TN TR I sl ) i NN (solid squares) still shows scatter but a maturity trend is
10004 discernible. Jurassic section is low maturity (0.7%VR,)
.—0 * 3 X3 X3 - e ——e 12001
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— 1+ * i ad H+ —— o
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Cen-Tur Unc. (K94) E N =
Late Albian Unc. (K101) 2 sen ] - -
o L} &
Albian/Aptian MFS o v il o o ——
= -
Intra-Aptian MFS — < S
Aptian/Barremian Unc. .- . " . + * 2 -3 L
Intra-Hauterivian MFS vy M — w200 -] D T
Near Base Cret. Unc. (K137) h ‘ < gl
Top Callovian MFS L B 4 4 e e E— :_9_._
Base Callovian MFS (1163 3 -
;B R . = :
Washed & E 4 . 54 RS “ <> Operator (2001)
@ Washe xtracte . . . . . . | 0O Geochem Labs (1990)
»
¥ Washed Only $ ¢ — —i 3 =% B GSC (2014)
® Avery (GSC, 1988)
4000 et
Gas Chromatography
Help [x1
™~ GC analysis of extracts in the Bandol-
Solvent peak 01 well yielded little of interest.
Thermogenic hydrocarbons were
notable by their absence.
L L 1 L T \. > I I d T J‘\l L \IJ = ) — LI . J\. - :‘ W_
N

Bandol-01- Rock Eval, Maturity and Gas Chromatographic (GC) data
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East Wolverine G-37

The interpretation of the East Wolverine G-37 well recently drilled that is the first deepwater slope
location in this area and thus key to analyzing deepwater petroleum potential is severely compromised
by drilling mud. Note the very high Pl > 0.5 (Production Index). The Tmax maturity parameter also
shows remarkably little observable variation. T,,,, picks were manually examined to eliminate analytical
artefacts from the results which appear to reflect contamination rather than geological truth.

T0C (%) s1(mg/g) 2 (mgfg) HI (mg/g) 53 (me/g) 01 (mgfg) Pl Tomax [ Maturity — Ro%
o} 5 0 0 S 0 10 20 30 0 30 500 TS0 0 . ER 100 00 00 05 10 400 40«
™ oz o Vitrinite Ro ) )
Rock-Eval Iog ’ ' East Wolverine G-37: All new data. Much reworked organic
matter but a valid downhole maturity trend is apparent. Middle
10001 Jurassic in the basal part of the well is in the late oil window (0.9-
1.1%VR,)
20001
3000}t —_— » —_— —e _
Intra-Oligocene Unc. (T29) E | =
KT Boundary £ 1 — 2 2, L | 2
— — — * i
Cen-Tur Unc. (K94) 4000] e .
Late Albian Unc. (K101) — — e
Albian/Aptian MFS
Intra-Aptian MFS —=_
Aptian/Barremian Unc, a0 |
Near Base Cret. Unc. (K137) o
Jur-Cret Boundary (K147) < Operator (2001)
Base Callovian MFS (1163) == O Geochem Labs (1990)
Bathonian MFS (1166) “ B GSC (2014)
e Avery (GSC, 1988)
Gas Chromatography Attempts to remove contamination Analysis of residual insoluble organic matter by Pyrolysis GCMS
Gas Chromatography of a representative East Wolverine G-37 cuttings extract indicated Both GC (left) and Rock-Eval (above) results suggest levels of Further investigation of the Wolverine samples suggests that not only the S1 Rock-Eval peak is compromised but that the modern mud
that the dominant component is a component of the drilling mud system. Aromatic contamination are significant enough to invalidate meaningful system used here has rendered the whole spectrum of geochemical screening results void, since the S2 peak appears to be composed of
hydrocarbons are likely absent due to environmental regulation but the mud contamination interpretation of these data. The extracted cuttings samples polymeric drilling additive rather than native organic matter. A sample of Second White Specks (Turonian organic rich shale) is shown for
contains more than just paraffins as shown by this GC. were re-analysed by Rock-Eval pyrolysis which removed most comparison and clearly displays homologous series of n-alkanes and alkenes as doublets which are notably absent from the GC-FID of the
of the anomalously high S1 peak responsible for suspiciously Wolverine cuttings sample. The lower figures show MS detection of the same sample demonstrating in (c) the predominance of alkenes
high PI values. Selected pyrograms of the washed cuttings and isoalkanes (m/z55) versus n-alkanes (m/z57) and in (d) the mass spectrum from one of the prominent peaks in the TIC suggesting a
me X S (left) and washed + extracted cuttings (right) are shown below. polymeric additive with regular methyl group fragmentation.
East Wolverine Note the reduction in the S1 peak following removal of the
Tvoical dead oil extractable hydrocarbon fraction.
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East Wolverine G-37 - Rock Eval, Maturity, GC and Pyrolysis GCMS data PLATE 5.5.4
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East Wolverine G-37 Organic Petrography
3585 m

(b)

Sporinite maceral in white and Fluorescing sporinite maceral and vitrinite
fluorescence light (267-14) maceral (polish section) (267-14)

-_—

Sporinite (fluorescing in the center) filled
sporangium (267-14)

Cutinite in white and fluorescence light (271-14) Organic contaminant (271-14)

Vitrinite maceral (271-14)

Vitrinite (arrow) (267-14)

Bitumen under white and fluorescence Representative view of various organic
light (270-14) macerals (270-14)

Inertinite (arrow) 270-14 Cutinite in luorescence light, possibly from root

(271-14)
6870 m

\(b)

Vitrinite (arrow) (266-14) Representative view of various organic Micrinite filled granular gelinite maceral
macerals and mineral composition (266-14) (266-14)

The cuttings recovered from East Wolverine were also prepared for Organic Petrologic analysis with considerable difficulty due to
contamination from drilling mud system components. Much of the visible organic matter is terrestrial in origin and a significant
percentage is reworked. The centre top image of a well preserved sporinite maceral fluorescing under UV light is a notable
exception to this (3585 (b))

Sufficient vitrinite is present to allow reflectance measurement and obtain a reasonable maturity profile . Some bitumen staining is
evident (5160(b)) but based on the well reports which record no oil shows, this is not likely to be significant with respect to
hydrocarbon generation.

In addition to the various indigenous organic macerals, most of which are terrestrial in origin image 5160 (b) shows a fragment of
solid organic contaminant potentially representing the material analysed in the Rock-Eval S2 peak and subsequently characterised
by pyrolysis GCMS.

East Wolverine G- 37 Organic Petrography PLATE 5.5.5
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Heron H-73 Rock-Eval™

Source rock screening data from Heron H-73, drilled in 1972, is also somewhat compromised by oil
based mud. Noting the scale on the TOC plot (0-5%) it is apparent that the penetrated sections of this
well do not represent excellent source rock potential.

TR
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l
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Sample #1 on geochemical log above
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Sample #2 on geochemical log above

Gas Chromatography
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Drilling mud contamination in Heron cuttings:
- problematic but not insurmountable
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! Heron H-73: A significant amount of existing data nonetheless
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contains ambiguous results for the key Jurassic interval in the
basal section of the well. Avery (1988) suggests that this is in
the gas window with values for the Early-Middle Jurassic of
~1.2%VRE, but two data points reported by Geochem Labs in
1990 contradict this, with maturity equivalent to the middle of
the oil window (~0.8%VR,). New results produced at the GSC
support the latter conclusion.

< Operator (2001)
O Geochem Labs (1990)

4000

B GSC (2014)
e Avery (GSC, 1988)

Saturate Fraction Gas Chromatogram

This gas chromatogram shows two important aspects of the extractable hydrocarbons seen in cuttings extracts from
the basal Jurassic interval of the Heron H-73 well. The light hydrocarbon contamination is evident in the C10-15 range.
However the higher molecular weight fraction appears relatively unaffected by OBM.

Biomarker
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Heron H-73 - Rock Eval, Maturity and GC data
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Heron H-73 Organic Petrography™  The presence of hydrocarbons in the Jurassic section of the Heron well is visually confirmed by organic petrographic observations

detrailed here
3444.24 m (Pliensbachian

)
P (\"; 5 4 %‘ v
% o ; s e

... b

3444.24 m (Pliensbachian)

Fluorescing solid bitumen in pore Fluorescing alginite maceral in Non-fluorescing solid bitumen

white and UV light (arrow) (arrow) Fluorescing liptinite maceral (possibly Fluorescing alginite (left) and solid Bright yellow fluorescing soluble

matrix bitumenite) in pore. bitumen macerals in white and UV organic in UV light (arrow)
light (arrow)

Staining does not occur outside each
particle but as an inclusion within
intergranular pores with some annealed
inside a grain. As the oil migrates they
leave brown stains between grains and
fractures that may or may not fluoresce
depending on the thermal maturity.

3480.82 m (Pliensbachian-Sinemurian?)

Fluorescing alginite maceral. Fluorescing soluble organics Fluorescing soluble organics Fluorescing alginite maceral. Organically lean dolomitic limestone
(bitumen) in pores in white and UV (bitumen) in pores in white and UV (upper arrow). Solid bitumen in organic
light (arrow). Also observed in light (arrow). Also observed in 278- rich shaley calcareous limestone

278-14. 14. microlithoptypes ( lower arrow).

The presence of soluble organics in pores and in fractures appears to be in-situ and not

contamination. The fluorescence color indicates that these soluble organics are also
about the same thermal maturity (0.80 to 0.95 %Ro0) as the measured section. All
fluorescing organic matter suggests that maturity is less 1.0 %Ro. One possible source
of the hydrocarbons is the organic-rich shaley calcareous limestone

Heron H-73 Organic Petrography PLATE 5.5.7
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Gas Chromatography & bulk geochemistry

Pr
Ph

Sat GC
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DST#06
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File: L00124_goraw  Date: Sample:

25.4 22 BBLS HEAVY OIL (7-11.5 API)
25.4 102 BBLS SALT WATER

254
254
254

254

PACKER SKIDDED PAST PERFORATIONS

PRESSURES MEASURED AT 7427 FEET
TEMP 185 F (DEPTH N/A)

The Heron DST #6 oil has exceptionally high sulfur content and very low pristane/phytane ratio both of which point to a
carbonate source deposited under highly reducing conditions. The GC shown above indicates no evidence of biodegradation
even thought the oil viscosity is so high that it barely flows at room temperature (see photo above)

A plot of phenanthrene/dibenzothiophene versus pristane/phytane below demonstrates the separation of the Heron DST oil from
all other regional oils due to its high sulfer content and low Pr/Ph value. Note that the Jurassic extracts from Heron H-73 are not
associated with any of the other Scotian Shelf fluids
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Heron H-73 DST#6 oil & Lower Jurassic extracts compared to regional oil families

DST #6 recovered a heavy but remarkably unbiodegraded crude oil from the Petrel Limestone. Notable features are high C35 hopanes
relative to C34 (m/z 191 ion chromatogram) indicating a sulfur-rich source, very low Pristane/Phytane ratio (anoxia) and very high C24
tetracyclic compared to the C26 tricyclic terpanes.
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Sterane carbon number distributions for both the
Heron DST#6 oil (shown above) and Jurassic
extracts are distinct from the vast majority of
Scotian Shelf fluids.
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Heron H-73 DST#6 oil & Lower Jurassic extracts compared to regional oil families
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Figure 1: Plots of Rock Eval pyrolysis data for the Heron H-73 well. Tmax is displayed in Figure 2 (this Plate) along with 00— o9 0 3000
e
Ro data. . ,0; Early *e
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Table 1: Newly acquired Rock Eval pyrolysis data (red dots in the plots above) for this study -
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547B and Heron H-73. Also, there is no salt deposited in the Triassic/Jurassic interval of well 547B.
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Geologic cross section along Meteor seismic profile 53-08 (A-A") N ©_ RockEwipyolyis Liquid chromatography
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NW SE (interval in cm)  (m) Facies type® (%)  Corg) Corg) (O (mg/g Corg) (%) (%) (%)
A Al 547B-14-2, 56-58 839.07 C 0.39 19 122 434 — - — —
TA. TA. rA. 547B-15-2, 2-5 847.54 Nodular micrite 0.30 12 269 426/534 — — - —
5P ds0 5P 500 5P 550 5P 500 5P 650 sP 100 S 750 547B-15-2, 8-12 847.60 T 4.75 345 15 421 10 16 12 72
547B-15-2, 14-17 847.66 A 1.13 49 87 421 13 23 13 64
1000 547B-15-2,20-26  847.73 Nodular micrite  0.69 18 142 422 1 32 1 57
and claystone
547B-15-2, 39-41 847.90 Nodular micrite 0.28 v 377 427/534 — = - ==
2000 and claystone
- 547B-16-1, 29-42 855. I icri i = b = =
E .3‘4"'_ 55.36 No:\:l:rcgl;cszlot:c 0.10 8 302 424/524
ﬁ 3000 547B-18-1, 100-117  874.09 A 0.70 18 137 425 5 18 s 77
547B-20-1, 134-140  892.37 Nodular micrite 0.92 ! 13 424 - — s =
a and claystone
& 4000 547B-20-2, 92-104  893.48 B 1.63 188 37 428 16 9 12 79
g 547B-21-2, 16-19 897.18 Matrix from 0.51 68 89 428 - - — —
debris flow
000 547B-22-1, 13-18 905.16 A 1.03 31 46 421 13 21 21 58
547B-22-1, 38-42 905.40 Claystone 0.44 18 167 419 = — —
= Fi 547B-23-1, 45-55 915.00 Nodular micrite 0.11 19 395 514 - — - -
6000 Sites 370/416 AF I ........ S
¥ Note: — = not determined.
| | | | | | | | | | | | | \ . \ , \ , a- M. Bradshaw, personal communication 1982: facies type A to C are different “black shales” based on sedimentological criteria only. Details to be pub-
1 2 3 4 5 [ 7 8 9 10 11 2 13 14 15 16 17 18 19 km Hshed.
Distance (km) ) L.
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Figure 2: Location of DSDP drill sites Leg 79, Site 547 (within
the red rectangle) on the Morocco margin (modified from
0

Rullkotter et al. (1984).

Mazagan Sub-basin, Offdhore Morocco

At DSDP site 79, in the 547B well, there is only 1 black square (early data measured shipboard) with HI>600 (mg/g TOC). The next
square is white (measured on shore) with HI=345 at 847.60m. This value is just 5 cm away from our sample at 847.55m that shows a
HI1=150.

Table 1 (this Plate) published by Rullkétter et al. (1984) of data acquired onshore, did not report the HI>600 (red-circled; In the HIxXOI plot
published by Rullkdtter et al. 1984).

Rock Eval pyrolysis data carried out for the PFA 2011 study di not reproduce either the high HI value of 600 (mg/g TOC) measured

shipboard. The PFA 2011 Rock Eval pyrolysis results are listed in Table 2 of this Plate. 2 data points worth considering (HI>100) from
Table 1 published by Rullkétter et al. (1984) are added to the data Table from PFA 2011

study

- f | ‘ ! 51
Iy ————
Picture of the cores analyzed by Rock Eval pyrolysis for PFA 2011
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Table 2: PFA 2011 Rock Eval pyrolysis data. 2 data points worth considering
(H1>100) from Table 1 published by Rullkotter et al. (1984) are added to the data

Table form PFA 2011
Depth Sample Qty | Tmax S1 S2 S3 Pl S2/S3 | PC(%) |TOC(%) [all Ol
0 9107| 70.7 442 0.74] 12.21 0.55 0.06] 22.20 1.11 5.05 242 11
847.55( 4421954 70.0 423 0.10 4.04 2.87 0.02 1.41 0.47 2.70 150 106
2847.60 na na 421 na| 16.38 0.71 na| 23.07 na 4.75 345 15
891.11( 4421955 70.9 423 0.13 8.82 1.94 0.01 4.55 0.82 2.38 371 82
892.30( 4421956 70.3 423 0.03 0.25 1.56 0.10 0.16 0.08 0.59 42 264
892.79| 4421957 70.6 425 0.10 6.31 1.71 0.02 3.69 0.61 2.92 216 59
893.01 4421958 70.1 425 0.04 0.63 1.80 0.05 0.35 0.12 0.87 72 207
893.39( 4421959 70.3 1 0.00 01 1.78 0.21 0.01 0.07 1.16 1 153
893.48 na na 428 na 3.06 0.60 na 5.08 na 1.63 188 37
905.20( 4421960 70.6 425 0.05 0.53 1.61 0.08 0.33 0.11 0.93 57 173
0 9107| 70.4 442 0.72| 12.18 0.63 0.06/ 19.33 1.11 5.09 239 12

a Rock Eval pyrolysis data worth considering from Rullkotter et al. (1984)
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Figure 4: TOCxDepth plot from DSDP
547B well (modified from Rullkétter et al.

(1984).
DSDP 547B
840
850 *
260 ¢ PFA 2011
Toarcian ?
E 870 @ Rullkétter et al.
= (1984)
-
& 880
890 891m
‘oo T o
Early Pliensbachian
900 to
* Late Sinemurian
910 ; ‘ ; ; .
0 1 2 3 4 5
TOC (% rock weight

Figure 5: TOCxDepth plot from DSDP 547B
well (PFA 2011 & Rullkdtter et al. (1984)).
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Figure 6: HIxOI diagramm from DSDP 547B
well (PFA 2011 & Rullkétter et al. (1984)).

Mazagan DSDP 547B well data
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Comparison of the source characteristics in the Sinemurian/Pliensbachian/Toarcian sediments between
Heron H-73 & DSDP 547B well.

Differences are depth of burial and therefore maturity of the Sinemurian/Pliensbachian/Toarcian:
* Mature in Heron H-73,
* Immature in DSDP 547B.

Similarities in both wells:

* TOC values display a similar order of magnitude in both wells.

* HIxOI shows also similar source potential in both wells suggesting terrestrial input and/or partly oxidized
organic matter.

These characteristics bode well with terrestrial input and/or oxic to sub-oxic
environment of deposition in “perched sub-basins” as shown by the seismic
sections (right side of this Plate)

Arguments for Early Jurassic sourcing

* An Early Jurassic sourcing for DST#6 oil (~2300m) at Heron remains uncertain (see PFA 2011).

* Presence of Sinemurian-Pliensbachian-Toarcian age nannofossils in the basal sediments of both Heron H-73 and the DSDP
547B well off the Moroccan coast links the development of these perched basins on both margins of the Atlantic rift;

* Rock Eval source parameters in the Sinemurian-Pliensbachian-Toarcian part of the Heron section look very much like the
ones that were measured in the DSDP 547B well at the same age with around 2% TOC and HI moderate (Type IlI-11l) lower
in Heron compared to 547B possibly due to the maturity

*  This similarity on both margins suggests that Heron and the 547B wells were located in small aborted graben (see
Mazagan) located behind the main rift valley on both sides of the incipient Atlantic rift.

* This leaves the possibility that in the main central rift valley the equivalent Sinemurian-Pliensbachian source layer(s) might
be much better developed, i.e. thicker with higher TOC & HI, and deposited in a water stratified environment marked by the
presence of Gammacerane (Peniche peninsula of Portugal and Cape Juby (M02) oil offshore Morocco; in PFA 2011).
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Source rock characteristics

Lower Cretaceous — Aptian (deltaic)

The source rock was deposited during the Intra-Aptian flooding event as a prodeltaic facies of the incipient Logan Canyon/Cree deltaic development. The source interval coincides reasonably well with the Naskapi shale of the lithostratigraphic nomenclature. TOC/Rock Eval data defining the characteristics of this
source rock are shown in Plate 5.4.2 for various wells from the Scotian Shelf and Slope. Organic richness is only fair with TOC averaging 2%. The organic matter composing this source rock is of a terrestrially derived Type Il as is suggested by microscopic kerogen analyses and Hydrogen Index — Oxygen index cross
plots shown in Plate 5.4.2.

The hydrocarbon kitchen applying to the Aptian source rock is practically never mature enough on the shelf to generate hydrocarbons. The maturity data (Vitrinite Reflectance) for various well locations indicate mostly immaturity except for wells located at present day shelf edge, e.g. Chebucto K-90. As a consequence
of the limited kitchen, the Naskapi source rock does not appear to be a large contributor to the petroleum system of the Nova Scotia margin.

For modeling purpose, the Naskapi source rock is defined as follows:
+ TOC=2%
» Kerogen Type lllI, using default Type IIl from Temis.

Lower Cretaceous — Berriasian (deltaic)

The age of this source interval is Berriasian-Valanginian (from K137 up) depositing as prodeltaic and paralic facies of the “middle” Missisauga delta. The Lower Cretaceous source rock is absent on the Jurassic carbonate shelf edge. That source interval is diffuse. Organic richness is mostly limited to TOC<1.5% and
the kerogen is of a Type lll. Plate 5.4.3 displays the characteristics of the Berriasian-Valanginian source rock.

The main reason for defining this interval as a source rock is to test its effect on the petroleum system modeled with Temis.
For Temis petroleum system modeling, the following characteristics are applied:

+ TOC=2%
» Kerogen Type lll, using default Type Il from Temis.

Upper Jurassic — Tithonian MFS (carbonate transition to deltaic)

The Upper Jurassic source rock is present beyond the Jurassic carbonate bank edge. It was deposited at the transition from carbonate to deltaic environments of deposition during the Tithonian maximum flooding event. The source rock of the Tithonian MFS defined here corresponds to the lower part of the Verrill
Canyon formation cited as source interval in P. K. Mukhopadhyay reports and publications. This Upper Jurassic source rock was difficult to identify due to drilling with oil-based mud (Lignosulphonate, Gilsonite and others) at the approach of overpressures, which is almost always coincidentally with approaching the
Jurassic. Oil-based mud contamination strongly affects TOC/Rock Eval data usually by improving the response of these measurements to anomalously high values. The best and only way to overcome the distortion on Rock Eval analyses in defining source rock characteristics is to rely on kerogen microscopy, which
allows for discriminating at least solid contaminants. In that regard, Mukhopadhyay’s work through the years is key for defining the Tithonian MFS as a prominent source rock of the deltaic region of the Nova Scotia margin.

Plate 5.4.4 displays the characteristics of the Tithonian source rock in various wells of the margin. South Griffin J-13 was not screened by kerogen microscopy,.
For Temis petroleum system modeling, the following characteristics are applied:

+ TOC=5%
* Kerogen Type lI-IlI.

Middle Jurassic — Misaine - Callovian MFS

Evidence for a Callovian source rock is limited to one well - Abenaki J-56 - located at the edge of the Jurassic platform. The extension of this source rock beyond the carbonate platform edge is unknown. In lithostratigraphic terms, this source rock corresponds to the Misaine Member. The Misaine is a shale dominated
layer deposited during the Callovian flooding event. After Mukhopadhyay (1989), the Misaine in the Cohasset D-42 well is of Type Il to lIB. In the new stratigraphic framework of this study, the source rock interval coinciding to the Callovian MFS is restricted to the part showing a kerogen Type |IB that is condensate/gas
prone in Mukhopadhyay classification. Plate 5.4.5 displays the characteristics of the Callovian source rock in the Abenaki J-56 well, where it was penetrated and showed significant source potential.

For Temis petroleum system modeling, the following characteristics were applied:

+ TOC=3%
+ Kerogen Type IIB (lI-ll; standard)

Early Jurassic Source Complex - Sinemurian-Pliensbachian-Toarcian

A Sinemurian-Pliensbachian-Toarcian source complex was inferred by analogy to source rocks recognized on the conjugate margins of Newfoundland and Nova Scotia, in Portugal and Morocco. The Sinemurian immediately overlaying the Argo salt would offer a confined hypersaline environment, where source rocks
are known to have deposited in rift basins. These confined environments are often prone to the development of ciliate bacteria, which are precursors of the Gammacerane molecule. Gammacerane was seen in the Pliensbachian source rock of Portugal (Peniche Basin) and in Moroccan oils. On the Scotian Shelf, one
condensate from DST#6 of the Venture B-13 well and hydrocarbon fluids from salt inclusions in the Weymouth A-45 well display the presence of Gammacerane. Usually, DST hydrocarbon fluids are clean from mud contamination. However, if mud with Gilsonite additive was used and the formation tested was partly
invaded by mud before testing, there is a chance that the DST fluids be contaminated. On the other hand, in the case of fluid inclusions in salt from the Weymouth well, the presence of Gammacerane is to be trusted as sample cleaning is drastic before crushing the inclusions for gas-chromatography (GC) and
GC/mass-spectrometry (GCMS) analyses. The Toarcian penetrated in the 547B well of DSDP Leg 79, Site 547 did not display any Gammacerane leading to the conclusion that Gammacerane is not necessarily a criterion for defining the contribution of a Toarcian source rock. Depending on the environment whether
hypersaline or not, Gammacerane may or may not be present. Along the Nova Scotia margin, Gammacerane may be associated to a source rock depositing at the end or immediately after the salt of the Argo Formation. At Pliensbachian and Toarcian time, the environment has possibly evolved into a carbonate
environment no longer hypersaline or presenting any other water stratification of any type. This would be the case of the 547B well off Morocco, which penetrated the Liassic section down to a crystalline basement without penetrating any salt and not displaying any Gammacerane. In the Nova Scotia margin, the
extension of a hypersaline source rock would be limited to the main rift area occupied by the autochthonous salt of the Argo Formation. Later, once spreading had started, restricted conditions and hypersalinity ceased as the basin opened. Sediments could deposit further, beyond the autochthonous salt area, over the
ECMA volcanics. Source rocks depositing then would no longer contain Gammacerane by lack of water stratification (halocline in this instance). In time succession, the hypersaline source rock would preferably be Sinemurian deposited approximately just before spreading. Then, source rocks depositing later during
early spreading may lose hypersaline characteristics, these would be Pliensbachian — Toarcian in age. To summarize, one or more Early Jurassic source rocks may exist. Their presence is unproven but is worth considering based on the conjugate Moroccan margin.

For Temis petroleum system modeling, one source rock only is defined for the Sinemurian to Toarcian source complex with the following characteristics:

+ TOC=5%
+ Kerogen Type Il

Conclusions - Source Rocks of the Nova Scotia Margin PLATE 5.5.12
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