CHAPTER 4

PETROLEUM GEOCHEMISTRY

Chapter 4 presents the results of the geochemical study of the Scotian Basin that was undertaken in the Play Fairway Analysis (PFA) project. Numerous previous studies had attempted to identify the source rocks generative of the
hydrocarbons discovered in the basin, but none of these studies reached conclusive results at the basin scale. The present Petroleum Geochemistry study had the privilege of using the large existing geochemical database acquired
through more than 40 years of exploration, the knowledge transmitted by the numerous geochemists who have worked on this basin. The results of the biostratigraphy study provided a strong stratigraphic architecture needed for
relating source rocks to an age instead of a lithostratigraphic interval, like Verrill Canyon for instance.

Understanding the generative system is central to assessing the petroleum system(s) of the Scotian Margin. Therefore, the search for the source rocks generative of oil, gas and condensate discovered, and yet to be discovered, is at
the heart of this 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 PFA project, needs source rocks and maturity among many other elements and processes
to play with.
Source Rock Search

The source rock search consisted of reviewing all available TOC/Rock. New TOC/Rock Evaluation data to complement these databases were needed to verify and confirm existing data.

Source rocks are not so easy 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 Scotian Margin to attempt to identify oil families that would relate them to source rocks by their genetic signatures.

Oil and Condensates Characterization

Oil 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.

» Hydrocarbon inclusions essentially were 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 Scotian 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 isotope analyses.

» 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 (1999). The reason evoked is that oils and condensates are light and therefore they do not contain a significant amount of large molecules in the C27 to C30 range, where these biomarkers are. This gap in data
control opened the opportunity to at least check what “standard” biomarkers may bring in order to improve understanding of the Petroleum Systems of the Scotian Margin.

» A regional geochemical survey, the confidentiality of which was lifted in April 2011, conducted by TDI-Brooks International, Inc. (Bernard B.B., Allan K.A. and McDonald T.J., 2000) 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.

» A regional satellite oil slick study was also acquired for the PFA study.

Maturity

Maturity, of course, is the engine of hydrocarbon generation. Existing maturity data are accessible from the on-line GSC database. New Vitrinite Reflectance data were acquired to complement the GSC database where needed, i.e. on
the western margin of Nova Scotia.

The main result of the study is the identification of five (5) key source rocks as:

1. Lower Cretaceous — Aptian (deltaic)
* Intra-Aptian MFS (Naskapi)
2. Lower Cretaceous — Valanginian (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
» Deposited immediately post-rift, hypersaline (gammacerane) to carbonate marine environment (Sinemurian-Pliensbachian-Toarcian);
* Not penetrated. Inferred from the Moroccan and Portuguese conjugate margins as well as from piston core samples offshore Nova Scotia and wells on the Grand Banks; and
» Because not penetrated, these Early Jurassic source rocks are taken as one source complex.
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PETROLEUM GEOCHEMISTRY - INTRODUCTION

PLAY FAIRWAY ANALYSIS - OFFSHORE NOVA SCOTIA - CANADA - June 2011

Petroleum Geochemistry Source Rock Summary

Introduction Five (5) key source rocks were identified:

Understanding the generative system is central to assessing the petroleum system(s) of the Scotian 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. 1. Lower Cretaceous — Aptian (deltaic)

* Intra-Aptian MFS (Naskapi)
2. Lower Cretaceous — Valanginian (deltaic)
+ DBase 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.

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 (PFA) project, needs source rocks and maturity among many other elements and processes to play with.

Source Rock Search

The source rock search consisted of reviewing all available TOC/Rock Evaluation data. Most of these data are stored in the Geological Survey of Canada
(GSC) database at the following address: http://basin.gdr.nrcan.gc.ca/index_e.php (open site). Some data not entered in the GSC database were retrieved

from the DMC database at the following address: http://ww1.cnsopbdmec.ca/dp/pages/apptab/ITabManager.html (this site requires an authorization). 4. Middle Jurassic — Callovian

New TOC/Rock Evaluation data to complement these databases were needed to verify and confirm existing data, to extend data control toward the * Callovian MFS —Misaine

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. 5. Early Jurassic source complex— Liassic

Source rocks are not so evident to identify because drilling widely used oil-based mud. Other contaminants such as lignite, plastic, asphalt, rubber and + Deposited immediately post-rift, hypersaline (gammacerane) to carbonate marine environment (Sinemurian-Pliensbachian-Toarcian);
paint have also been used. As a consequence, Oil Geochemistry was applied on oil and condensates of the Scotian Margin for attempting to identify oil +  Not penetrated. Inferred from the Moroccan and Portuguese conjugate margins; and

families that would relate them to source rocks by their genetic signatures. * Because not penetrated, these Early Jurassic source rocks are taken as one source complex.

Oil and Condensates Characterization

Oil 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, Assistant Professor at Dalhousie University in Halifax, as part of the PFA project. Salt samples with inclusions filled with hydrocarbons were
collected by Y. Kettanah and submitted for biomarker analysis in order to complete the dataset of the geochemistry study. Geological Global Long-term | Depositional . _ . _ Seismic
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4. Source Rocks P Figure 1: Chronostratigraphic chart developed for the Play Fairway Analysis project. Source rocks are outlined by diamond-shaped boxes including an S
« Introduction for source rock. Large and small diamond boxes indicate major and minor source rocks, respectively. The Aptian (Naskapi) source rock is minor as it is
« Naskapi — Intra Aptian MFS 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
« Valanginian reflects and accounts for organic matter present in the Lower Cretaceous (Mississauga). The Tithonian source rock is of major importance as it is well
« Tithonian defined, organic-rich and mature. The Misaine source rock is considered because it is a maximum flooding surface well identified where penetrated. It was
« Misaine — Callovian MFS 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
« Early Jurassic Source Complex — Sinemurian/Pliensbachian/Toarcian minor importance. Yet not penetrated, the Early Jurassic source complex is considered major. Its existence is strongly supported by analogs on the
« Conclusions and References conjugate margins of Portugal and Morocco (see Chapter 4, Plates 4-4-10 to 4-4-12).

Note: Source rock evaluation is also developed in Chapter 6

PL. 4-1-1 Introduction — Content - Source Rock Summary
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Thermogenic Hydrocarbon (HC) Seeps

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

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

£ Mox Int = 13,00 .
(2) it is further qualified by a UCM value of more than its 1,000 | o
background threshold value (8 pg/g for this study), and

UCM (xo/g)

(3) if the UCM is less than its threshold value, it is qualified if its

o0 |
p— thermogenic/diagenetic ratio is greater than 0.8 ad
” ooga i
Headspace gases of this study are qualified for the presence of e ~ uCM=8 oR

migrated thermogenic gas by:
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the product of the two parameters being at least 100 in at least one r N
core section
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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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Figure 2: Zoom on the distribution of significant discoveries and shows.

Key Observations

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) 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).

Figure 3 shows the distribution of oil and gas seeps, identified as thermogenic. Most of these seeps occur on the slope of the western region
of the Scotian Margin, where the Early Jurassic source rock matured late. Few thermogenic hydrocarbon seeps where identified on the slope
of the eastern region, near Tantallon and further east. There are no significant thermogenic seeps in the distal part of the Sable Basin, where
the deeply buried Early Jurassic source rock maturing early is overmature and depleted of its hydrocarbon potential. These observations
argue in favor of the existence of an Early Jurassic source rock. Details on source rock maturation, hydrocarbon generation, expulsion and
timing from the various source rocks identified on the margin are dealt with in Chapter 7.

A regional geochemical survey, the confidentiality of which was lifted in April 2011, conducted by TDI-Brooks International, Inc. (Bernard
B.B., Allan K.A. and McDonald T.J., 2000) 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.

PL. 4-2-1

Hydrocarbon Occurrences
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Figure 1: Distribution of significant discoveries, shows, minor mud-gas shows, thermogenic hydrocarbon seeps by Bernard et al. (2000) Figure 2: Distribution of significant discoveries, shows, minor mud-gas shows, thermogenic hydrocarbon seeps by Bernard et al. (2000),
and Direct Hydrocarbon Indicators (DHI; see Seismic Interpretation). DHI and satellite oil slicks by (NPA-Fugro).
Key Observations
In Figure 1, Direct Hydrocarbons Indicators (DHI) are essentially observed in the western part of the margin slope. Their
concentration coincides relatively well with the occurrence of the thermogenic oil and gas seeps. Of course, DHI are
observed at shallow depth where biogenic gas accumulations may exist.
In Figure 2, where satellite oil slicks are added, many occurrences of rank three slicks also occur in the western part of the
margin, on the slope and at the shelf edge.
The superposition of all positive indicators definitely argues in favor of the presence of one or several active Petroleum
Systems in the western part of the margin.
Figures 1 to 4 of PL. 4-2-3 show an example of how satellite oil slicks are identified. One satellite scene of oil slicks as
interpreted by NPA-Fugro, provider of the slick study, is shown in the general margin context. Figure 2 displays the slicks and
then Figures 3 and 4 show how the interpreter illustrates and ranks the observed slicks. The slick interpretation was made by
NPA-Fugro and is presented here as it is. New recent satellite surveys to evaluate the persistence of the slicks through time
are available for purchase at NPRA-Fugro.
-
Hydrocarbon Occurrences PL. 4-2-2
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interpretation. 8 ) are displayed.

PL. 4-2-3 Hydrocarbon Occurrences - Satellite Oil Slicks
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ROCK DATA

The basic geochemical data available online consists of source rock and maturity data for the Scotian Shelf and the Scotian Slope as well as the South Grand Banks. There are
TOC and Rock Evaluation data for 61 shelf & slope wells and maturity data for 88 shelf & slope wells (PL. 4-3-2). New data TOC and Rock Evaluation data were acquired on 17

wells either not analyzed prior to this study, or repeats to check consistency with existing data (PL. 4-3-2). For maturity, Vitrinite Reflectance was measured on two wells (PL. 4-3-2).

New TOC/Rock Evaluation and Vitrinite Reflectance analyses were carried out at the geochemistry laboratory of the GSC-Calgary.
Rock Evaluation and TOC

The source rock data consist of TOC and Rock Evaluation 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 Evaluation analysis, depending on the type
of analyzer.
The analytical results produced by TOC and Rock Evaluation 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 Evaluation 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 Scotian 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, adding two maturity profiles to the 88 existing ones. For wells with multiple maturity datasets
from different sources, there are sometimes 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 Scotian Margin. 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 were often
discarded as their concentration are low in condensates and light oils.

PISTON-CORE SEEPS DATA

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

DATA QUALITY

Oil-based mud and various additives were used in an estimated 80% of the wells analyzed. This constitutes a serious problem for interpreting geochemical data and in particular,
for identifying source rocks on the Scotian Margin. The Table of Figure 1 shows the record of the mud scheme for the Glenelg J-48 well as it is documented in the GSC Basin
database. This type of Table is included in this Chapter of this Atlas, wherever this kind of information is critical for the interpretation presented.

Rock Evaluation and TOC Data

Rock extract data are highly susceptible to oil-based mud contamination. Adding oil to the mud obviously distorts Rock Evaluation data, primarily the S1 peak. Other additives, such
as Gilsonite or lignite, to cite only a few, used for drilling wells on the Scotian Margin, distort possibly the S1 peak, but mainly the S2 peak and the total organic content (TOC).
Widely used mud-additives on the Scotian Margin appears to be a major problem for identifying source rocks.

Maceral Data

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, mud additives such as lignite and gilsonite may not always be easily separated from the in-situ sedimentary kerogen.

Oil and Condensate Data

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 cautiously be
examined.

Piston-core Seeps Data

Seeps data from the regional geochemical survey on the slope of the Scotian Margin by TDI-Brooks International, Inc., deserve some careful examination of possible contamination
by 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 methods such as chromatography to select samples containing the least amount of recent natural organic matter and discard the others.

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).

Amorphous Organic Matter Related to Kerogen and Hydrocarbon Potential

Organic facies

Kerogen Type Amorphous Maceral
Type (Fluorescence)

Associated Major
Macerals

Environment of
Deposition

Range of Hydrogen
Index (mg HC/g TOC)

Pyrolisis-GC Pattern

Oil/Gas Potential*

Sapro I*
(golden yellow)

A Sapro lIA*
(yellow brown)

IIA-1IB Sapro lIA* + Sapro IIB*

(brown or orange)

1B Sapro lIB*
(brown)

1IB-lIl Sapro lIB + Humosapro

([} Humosapro*
(nonfluorescent to dark
brown)

v Macrinite
(nonfluorescent)

Alginite

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

Lakes or algal mat
(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

Greater than 800

550 - 800
300 - 600
225 - 400

100 - 250

50-125

Less than 50

Mainly n-alkanes
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

Oil + Condensate + Gas”
(80%)

Oil + Condensate + Gas”
(60 - 90%)

Oil + Condensate + Gas”
(50%)  (50%)

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

Gas + Condensate
(70%)  (30%)

Gas
(>80%)

Non source

+ Under normal Eh/Ph condition without diagenetic oxidation; # Generation starts beyond 1.0% Ro

Sapro I*, Sapro lIA*, Sapro IIB*, Humosapro* = Sapropelinite |, lIA, 1B and Humosapropelinite; Part: Liptinite = Particulate Liptinite A & B
Sapropelinite = Bituminite = Amorphinite. Particulate liptinite A = Lamalginite. Particulate liptinite B = Exinite & Resinite

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

op [Bottomunts] g | WuaAganves | Event | Commens |

SURVEY TOOL LEFT IN THE
HOLE - RECOVERED WITH AN
QVERSHOT

3513

4119

5241

4119

4134
5157
5193

108

368

4785
5083
5205

4913

5095

(3261 > 4141 M

M

SEAWATER -VISCOUS

368 M SLUGS

3261 M

FRESHWATER - GEL -
LIGNOSULPHONATE

SEAWATER -KCL

FISH

KICK

LOST
CIRC

DIESEL (4119 & 4141 M),

PIPELAX (4119 W),
CHROME LIGNITE (4119

MUD

5083 M
5167 M
52271 M

5085 M

5148 M

FRESHWATER - GEL -
CHROME LIGNITE

]

CHROME LIGNITE (4141-

& 5081 M)

5253 M), KWIKSEAL &
WALNUT (5205 & 5253 M),
Y-PEL-G (4553, 4735, 4753

MUD
MOTOR

MUD
MOTOR*

DRILL STRING STUCK IN THE
HOLE AS A RESULT OF A
WELL KICK - ADDED DIESEL
AND WORKED PIFE FREE

PIFE STUCK IN THE HOLE -
FIPE WAS BACKED-OFF AND
CEMENTED IN THE HOLE -
WELL WAS SIDETRACKED

POSITIVE FLOW CHECK - MUD
WEIGHT RAISED BY 510
KG/M3 (FROM 1140 TO 1650
KG/M3) TO KILL THE WELL

NO FURTHUR LOST
CIRCULATION DATA FOUND IN
WELL HISTORY REPORT

DYNA-DRILLED INTERVAL
TUREO DRILLED INTERVAL

DYNA-DRILLED INTERVAL
(DIRECTIONAL DRILLING
INTERVAL IN SIDETRACKED
HOLE)

TURBO DRILLED INTERVAL IN
SIDETRACKED HOLE

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

Data and Quality

PL. 4-3-1
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TOC/ROCK EVAL DATA

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 [-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

7 slope wells

Acadia K-62
Albatross B-13
Annapolis G-24
Balvenie B-79
Crimson F-81
Newburn H-23
Tantallon M-41

Wells from the DMC Database
2 shelf wells

West Esperanto B-78 (no Excel datasheet)
Bonnet P-23

Acadia K-62
Shelburne G-29
Torbrook C-15
Shubenacadie H-100
Oneida O-25
Sambro 1-29
Ojibwa E-07
Glenelg J-48
Marmora C-34
Chippewa L-75
Citadel H-52
Emerillon C-56
Erie D-26
Moheida P-15
Mohican [-100
Argo F-38
Iroquois J-17

Vitrinite Reflectance

Torbrook C-15
Moheida P-15

MATURITY DATA
Online GSC Basin Database

Newly Acquired TOC/Rock Evaluation & Maturity Data
TOC/Rock Eval

4000 m to TD (~5300 m) + (Fluid Inclusion basal carbonates)
3000 m to TD (~4000 m)

2600 m to TD (~3600 m)

3200 m to TD (~4200 m)

3100 m to TD (~4100 m)

1000 m to 1600 m

1400 m to TD (~2300 m)

4500 m to TD (~5100 m)

3800 m-3900 m

59007-6972’

5500’-5666’

92507-10750’

5500’-7995’

3300 m-3900 m

4200 m-4300 m

10000-11110’ (TD) OK

4485’-5890’ (17) and 6650’-6845’ (9) oil stains anhydrite

2835m-3600 m
10810’-12860°

# of Samples

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

23
27

] - \
| 79 shelf wells 9 slope wells
Abenaki J-56 Mic Mac H-86 Saint Paul P-91 Acadia K-62
z - Alma F-67 Mic Mac J-77 Sauk A-57 Albatross B-13
Arcadia J-16 Migrant N-20 South Desbarres O-76 Annapolis G-24
® d Banquereau C-21  Mississauga H-54 South Griffin J-13 Balvenie B-79
® Bluenose 2G-47 Mohawk B-93 South Sable B-44 Crimson F-81
o @ Bluenose G-47 Mohican 1-100 South Venture O-59 Newburn H-23
o Bonnet P-23 Naskapi N-30 S.W. Banquereau F-34 Shelburne G-29
Chebucto K-90 North Banquereau I-13 Thebaud C-74 Shubenacadie H-100
® g Chippewa L-75 North Triumph B-52 Thebaud 1-93 Tantallon M-41
‘ . Citadel H-52 North Triumph G-43 Thebaud P-84
@ ARl Citnalta I-59 Olympia A-12 Triumph P-50
® . Cohasset A-52 Oneida A-12 Uniacke G-72
Cohasset D-42 Onondaga B-96 Venture B-13
o - Cohasset L-97 Onondaga E-84 Venture B-43
Cree E-35 Panucke B-90 Venture B-52
Dauntless D-35 Penobscot B-41 Venture D-23
. Demascota G-32 Penobscot L-30 Venture H-22
* - ‘ Dover A-13 Primrose 1A A-41 Wenonah J-75
Eagle D-21 Primrose A-41 West Chebucto K-20
Evangeline H-98 Primrose F-41 West Esperanto B-78
L Glenelg J-48 Primrose N-50 West Olympia O-51
Existin ga ata Glooscap C-63 Sable Island 3H-58 West Venture C-62
Hesper [-52 Sable Island 4H-58 West Venture N-91
New d ata Intrepid L-80 Sable Island C-67 Whycocomagh N-90
Merigomish C-52 Sachem D-76 Wyandot E-53
P‘ S * * * * Jason C-20 Sable Island E-48
: - - - Louisbourg J-47 Sable Island O-47
PL. 4-3-2 TOC, Rock Evaluation 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
some cases, wells were analyzed by several laboratories that are identified by more than one analysts name. 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 Scotian 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 with 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 4-4-1 to 4-4-8 below.

Maturity, however, is used extensively in the modeling part of the study for maturity calibration of the basin models Themis 1D,- 2D and -3D.

Vitrinite Reflectance versus burial depth
for the 20 reference wells

Vitrinite Reflectance (%)
0 0.5 1 1.5 2 25

0.0 @ West Esperanto B-78; Avery M. P.
B West Esperanto B-78; PETRO-CANADA, INC.
A South Griffin J-13; Avery M. P.
X Glooscap C-63; Avery M. P.
B Cohasset L-97; Avery M. P.

Cohasset L-97; Mukhopadhyay P. K.
3 :}\(XX X Glenelg J-48; Avery M. P.

AT & @ Glenelg J-48; Mukhopadhyay P. K.

i o + Evangeline H-98; Avery M. P.

2000.0 §®

®
X

1000.0 K
w2

Y

=Evangeline H-98; Mukhopadhyay P. K.
@ Dauntless D-35; Robertson Res. Int'l
X A Chebucto K-90; Mukhopadhyay P. K.
X, -0X X Chebucto K-90; Avery M. P.
'S =X, XBonnet P-23; Avery M. P.

X Bonnet P-23, PETRO-CANADA, INC.
+Alma F-67; Mukhopadhyay P. K.
'Y )2 -Alma F-67; Avery M. P.
>

3000.0 %

Burial Depth (m)

Hesperl-52: Avery M. P.

4000.0 e - South Griffin J-13; Avery M. P.
2 N & ¥ 4 Balvenie B-79; Mukhopadhyay P. K.
¢ A ’X &K X._ - n + Annapolis G-24; Mukhopadhyay P. K.
Crimson F-81; Cook A. C.

4
L _ReVarl +
: ﬂ e >§‘ - m,u Albatross B-13; PETRO-CANADA, INC.

2
5000.0 N e X© ;( Shelburne G-29; Avery M. P.

L 4
g Ny * Tantallon M-41; Avery M. P.
u * Shubenacadie H-100; Avery M. P.
k Weymouth A-45; Mukhopadhyay P. K.

6000.0 Newburn H-23; Mukhopadhyay P. K.

Figure 1: Vitrinite Reflectance for the 20 key wells.

OIL, CONDENSATES, ROCK EXTRACTS and FLUID INCLUSIONS DATA

+ + \
‘\‘
\
\
+ T
+ +

s

Banquereaj; Cc-21 w

-t + + + Glooscap C-63  ~ +

4 (@)
|
% 2 Weymouth A-45
| : " Mohicani00 | ; : -@ Rock extracts -
- Cuttings & Cores
. s . . . . . ; o H(; fl id+inC|US+ins

Biomarker analyses of oil and condensates from the following wells:

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

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

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

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

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

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

GLENELG N-49, DST#1 3597.00 — 3602.00 m, 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 Mississauga, GSC group 3b
12. CITNALTA 1I-59, PT#3 12393’-12407’ (3777.4-3781.7 m), Basal Mississauga

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

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

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

CoNoO~WNE

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

» Cutting sample 4320-40 m; and
» Cutting sample 4490 m.

Mohican 1-100, extracts of core samples

» Sample 4095.75 m displays a very weak trace; and
* 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; and
* Bottom salt.

Maturity - Oil, Condensates, Rock Extracts and Hydrocarbon Fluid Inclusions PL. 4-3-3
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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)
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Figure 1: Hopane traces (m/z 191) of 14 condensates and oils from the Scotian Margin and 1 from Heron H-73 located in the South Whale Basin of Newfoundland. Among these traces 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 in the South Whale Basin exhibits a

slightly improved Gammacerane.

Figure 2: Hopane traces (m/z 191) of two cutting samples at 4570 and 4580 m from the Venture B-13 well. At 4580 m there is a
Gammacerane anomaly not observed at 4570 m.
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LIGNOSULFONATE

STRING STUCK IN THE HOLE - AN OUTSIDE
STRING WAS RUN AND CLEANED OUT 21 M
OF FILL ON TOP OF BIT

PIPE PARTED AT 1112 M - FISH RECOVERED
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Figure 3: Mud-scheme used in the Venture B-13. Lignosulfonate was added to the mud 2992
to 5368 m. In other well drilled with lignosulfonate mud-additive, there was no Gammacerane
contamination but oleanane, which is the case here.

Gammacerane Occurrence in Venture B-13, DST#6 4572-4579 m

The surprise from Venture B-13 is the occurrence of Gammacerane in the condensate of DST#6 (4972-4979m).
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 Scotian Margin. The arguments for this are:

« Oils from Morocco known to originate from the Toarcian source rock contain Gammacerane (see PL. 4-4-11).

* Pliensbachian shale of the Peniche Basin of Portugal contains Gammacerane (see Figure 4 PL. 4-4-10).

» Also, deposition of a source rock in a hypersaline environment on the Scotian Margin most likely develops in
Triassic or Early Jurassic time during ,or soon after, Argo Salt deposition.

These arguments support Early Jurassic sourcing.

Because Gammacerane in the Venture B-13 condensate of DST#6 could also be contamination by gilsonite added
to the mud, it is unlikely in DST, cutting samples at 4570 m and 4580 m were extracted and analyzed for
biomarkers. The m/z 191 traces of the saturates is shown in Figure 2 of this Plate (above). At 4570 m, the trace
displays background Gammacerane, whereas at 4580m the trace exhibits improved Gammacerane. This
distribution between the two samples suggests that at 4570 m, just before testing, there was no excess of
Gammacerane, meaning neither contamination nor indigenous anomaly. Excess of Gammacerane occurs only in
the sample at the bottom or below the tested interval. This observation argues in favor of indigenous Gammacerane
in the condensate of Venture B-13 DST#6.

Cutting samples from shales interlayered in the Argo Salt (Triassic) in the Glooscap C-63 well were analyzed by
Rock Evaluation pyrolysis to test the hypothesis of Triassic sourcing. The Glooscap C-63 well is the only one
penetrating the Argo salt sufficiently and in “autochthonous” position of the Argo salt to carry out that test. High TOC
and high S1 values in the depth range from 4320 m to 4410 m are the result of contamination by mud-additive.
GCMS analysis of two of these samples shown in Figure 1 of PL. 4-3-5 strongly suggest the presence of mud

contaminant.

Oleanane - age specific biomarker not present in sediments before the occurrence of angiosperms on earth (~100
Ma) - observed in the sample at 4580 m is likely part of the lignosulfonate mud-additive used for drilling at these

depths.
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Figure 2: Mud-scheme used in the Glooscap C-63 well. Lignosulphonate
was added to the mud 2653 to 4542 m (Obtained from the on-line GSC
Basin Database).
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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)

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 show significant amount of Gammacerane in the salt canopy at

Weymouth A-45. In the 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 C34 equal to 1 suggests that the source rock of
these HC inclusions deposited in a carbonate environment.

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 sediments before the occurrence of angiosperms on earth (~100 Ma) —
is also present in this condensate, suggesting contamination by oil-based mud or,
but improbably, leaching of Upper Cretaceous organic matter along the migration
path.

Biomarkers — Conclusions

« Gammacerane in Weymouth salt fluid inclusion and in Venture B-213 DST#6 indicate the presence of a generative
source rock deposited in a hypersaline (or water stratified) environment. The sporadic presence of Gammacerane may
indicate that the hypersaline (or water stratified) environment is not uniformly distributed.

» 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 bottom mix sample and in
condensate at the “Deep Panuke” PP3C well. This environment is compatible with or without hypersaline conditions
suggested by a presence of Gammacerane.

* Oleanane in “Deep Panuke” condensate, 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. Oleanane in Glooscap C-63 and Mohican I-100 extracts of stained Jurassic rocks also indicates
contamination.

PL. 4-3-6
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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 of surface geochemical exploration using piston cores. Methodology and objectives of surface
geochemical exploration using piston cores are presented in Peters et al. (2005).

The results of standard analyses of 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 8'3C1 results. They are:

« Core# NSS014 - 2 sections of the core had enough headspace gas for performing the analyses. Methane 33C1 values of -92.50 and 87.66 per mil indicate
a biogenic origin of the gas; and
+ 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 include the following:

* Bitumen extraction;

* Fraction separation by liquid chromatography;

* GC analysis of the saturate and aromatic fractions;

* GC-MS analysis of the saturate and aromatic fractions; and

» Carbon isotope analyses of the saturate and aromatic fractions.

The data are listed in Table 1 (below).

Only the isotope data listed in Table 1 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 Table 1 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 only consists of general comments with no attempt to
envisage the possibilities of an Early Jurassic sourcing of the seeps.

Steranes
Terpanes Steranes abb mz 218

# | Sample ID Core Lat Long Section | TSFmax | EOM ppm $13Csat 813Caro | 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 | NSS010 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 -29.87 142 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| NSCP0108 | 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 1.47 0.05 0.55 0.57 0.45 29.5 20.20 50.40 0.40 0.63 0.36 0.11
9| NSCP0156 | 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 -29.72 155 0.10 0.49 0.67 0.43 32.4 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| NSCP0191 [ 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| NSCP0381 | 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| NSCP0417 | 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 -29.05 131 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 30.4 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, left).

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.
Peters K. E., Walters C. C. and Moldowan J. M. (2005) The biomarker guide; Biomarkers and isotopes in the environment and human history. Cambridge University Press, Volume 1.
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Figure 1: Low Gammacerane abundance in piston-core seeps.
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Figure 2: Low Gammacerane abundance and absence of Oleanane in all piston-core seeps analyzed for stable carbon isotopes.

Summary and Conclusions

Results from biomarker analyses of oil, condensates and source rock extracts indicate that there are three types of source facies as follows:

* Gammacerane in Weymouth salt fluid inclusion and in Venture B-213 DST#6 indicate the presence of a generative source rock deposited in a
hypersaline (or water stratified) environment, and supports the presence of an Early Jurassic source rock. The sporadic presence of Gammacerane
may indicate that the hypersaline (or water stratified) environment is not uniformly distributed.

» 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 bottom mix sample and in condensate at the “Deep Panuke” PP3C well. This environment is
compatible with or without hypersaline conditions suggested by a presence of Gammacerane.

* Oleanane in “Deep Panuke” condensate, 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. Oleanane in Glooscap C-63 and Mohican I-100 extracts
of stained Jurassic rocks also indicates contamination.

The analysis of piston core data leads to the following conclusions:

* The tight isotope group (Figure 2, PL. 4-3-8) 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 (Toarcian) source rock (Figure 2, PL. 4-3-8)
suggests and supports the presence of an Early Jurassic source rock on the Scotian Margin.

* Low abundance of Gammacerane in the seeps displayed in Figure 2 suggests that their source rock was not deposited under water stratified or
hypersaline conditions. The Toarcian source rock in the IODP well 547B exemplifies such a case as it is bare of Gammacerane (see Figure 5, PL. 4-
3-5) but nonetheless a source rock; and

» Absence of Oleanane precludes any Late Cretaceous sourcing (Figures 1 and 2, this Plate).
THESE ARGUMENTS SPEAK IN FAVOR OF A PRESENCE OF AN EARLY JURASSIC SOURCE ROCK

» On the western part of the margin, down slope off the Jurassic carbonate platform, 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; and

* 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.

PL. 4-3-8
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Depth {m)

Introduction

The assessment of a Petroleum System requires: South Griffin J-13
0
1. Understanding the generative system, which is central to assessing the petroleum system of any sedimentary basin, therefore also of the Scotian Margin. The search for the source rocks generative of oil, gas & condensates discovered, and yet to
be discovered, is therefore at the heart of the geochemistry project. 6 o o AR
2. Maturity, of course, is the engine of hydrocarbon generation from these source rocks. AR 2 (984 ¢GSC
3. Petroleum system modeling, which is a major part of the Play Fairway assessment, needs to account for source rocks and maturity among many other elements and processes. 1000 2 ° B Geochem
Source rock and maturity evaluations lie with the Geochemist and are based on the examination of data such as TOC, Rock Evaluation (see introduction) and Vitrinite Reflectance, Tmax to cite only the main types available for this study. ] ." ”»:‘V
The identification of source rocks may be achieved by the characterization of oils, condensates and fluid inclusions based on biomarkers, isotopes and light molecular composition (gasoline range). This approach may provide distinct genetic signatures 2000
of oils reflecting distinct source rocks they originate from, but it does not quantify generative potential of the source rocks. 1 Top Loga”fa”yon
. . . : . o . . : . . B Top Naskapi
Plates 4-4-2 to 4-4-9 display a selection of wells from the Scotian Margin, where the source rocks identified are best developed. Examples of the various plots, diagrams and tables used for source rock identification are provided here, as templates, to £ 3000 - = Ar;i 2 MES
help in reading the Plates of this Chapter 4-4: g ] Top Missisauga
» Figure 1 displays the typical depth plots for TOC/Rock Evaluation and maturity data also often called Geochemical Logs. This plot contains a gamma-ray curve and a column of stratigraphic markers to provide a framework to the variation of
the TOC/Rock Evaluation parameters. Vitrinite Reflectance data are added to the TOC/Rock Eval depth plot (Figure 1). On occasion, a more detailed TOC plot exemplified in Figure 2 is provided. 2000 K137
* Figures 3 and 4 display the typical diagrams used for assessing the different types of source rocks, whether terrestrial (Type Ill), marine (Type Il) or lacustrine (Type 1). The HIxOI diagram of Figure 4 is also called a Pseudo Van Krevelen o . Tithonian MES
diagram.
*  The majority of Maceral analyses on the Scotian Margin were performed by P. K. Mukhopadhyay. Table 1 displays a typical description of microscopic organic facies in reports by P. K. Mukhopadhyay, who performed the majority of these 5000 P e e
analyses for the Scotian Margin. Top overpressure
+  Contamination by mud-additives, which is a significant source of problem for interpreting geochemical data on the Scotian Margin is presented in Table 2. This type of table indicates the mud scheme used during drilling operation and is
available from the online GSC Basin database for each well of the Scotian margin. 6000 ,
Plates 4-4-10 to 4-4-14 display the characteristics of Early Jurassic source rocks located on the Nova Scotia conjugate margins of Portugal and Morocco. 0 1 2 3 4 5
TOC (%)
, . South GriffinJ-13
RT ! M":' 1000 > Figure 2: Typical depth plot for displaying TOC alone.
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Figure 1: Typical depth plot for TOC/Rock Evaluation and maturity data also often called Geochemical Log. This plot contains a gamma-ray curve and a column
of stratigraphic markers to provide a framework to the variation of the TOC/Rock Evaluation parameters. Vitrinite Reflectance data are added to the TOC/Rock
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924 5 FISH DRILL STRING PARTED - FISH . . . .
RECOVERED WITH AN SChﬁn;)? ufsed dlrJ]rlng Iqulllrclags(ép;rat!or:jandbls
. .. . . . . 31154 I
Table 1: Typical description of microscopic organic facies by P. K. Mukhopadhyay. OVERSHOT available irom the online asin datapase
TWO BIT CONES LOST - MILLED for each well of the Scotian Margin.
. . . . 4027 7 M ON JUNK & RECOVERED SAME
Organic facies in the interval TD to ~K137 WITH A JUNK BASKET
DEPTH TOC VRRo KEROGEN OIL/GAS DRILL STRING PARTED - FISH
(m) (%) (%) OXIDATION LEVEL ENVIRONMENT ORGANIC INPUT  TYPE POTENTIAL 4034.7 M RECOVERED WITHAN
OVERSHOT
4940 0.63 1.05 Anoxic (partially) Inner neritic - marginal marine Mixed A-1IB Oil/Condensate THREE BIT CONES LOST -
4980 0.52 112 Anoxic (partially) Inner neritic - marginal marine Mixed IIA-1IB Oil/Condensate 4120 M MILLED ON JUNK & RECOVERED
5175 n/a 1.22 Mildly anoxic Inner neritic - marginal marine Terrestrial B Cond.-Gas/Oil SAME WITH A JUNK BASKET
5255 n/a 1.25 Mildly anoxic Inner neritic - marginal marine Terrestrial B Cond.-Gas/Oil 103 3429 M SEAWATER
5420 0.83 1.45 Anox!c (part.lally) Inner neritic -‘r.narglnal marlng M!xed IA-1IB Gas/Cond. 2420 0175 M SEAWATER - XCD
5590 n/a 1.78 Mildly oxic Inner/outer neritic - marg. marine Mixed 1B Gas/Cond.
c 5700 1.66 1.85 Mildly oxic Inner/outer neritic - marg. marine Mixed 18- Gas/Cond. 9175 31151 M SEAWATER - KCL MUD
o 5865 4.83 2.13 Mildly anoxic Inner/outer neritic - marg. marine Mixed B Cond.-Gas/Oil POLYMER
e 6080 n/a 2.2 Mildly anoxic Inner/outer neritic - marg. marine Mixed B Cond.-Gas/Oil 1151 50111 M FRESHWATER - LIGNITE,
= 6115 3.07 2.25 Anoxic (partially) Inner/outer neritic - marg. marine Mixed lIA-IIB Oil/Condensate LIGNOSULFONATE LIGNOSULFONATE
= 6170 n/a 2.42 Mildly anoxic Inner/outer neritic - marg. marine Mixed 1B Cond.-Gas/Oil 32159 32589 M
33321 3450 M
Reference: NUD TURBO DRILLED INTERVAL
P. K. Mukhopadhyay & Wade J. A. 1990. Organic facies and maturation of sediments 41785 418186 M MOTOR
from three Scotian Shelf wells. Bulletin of Canadian Petroleum Geology, Vol. 38,
No. 4, pp. 407-425 4340 43562 M
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é 500 - o0 2 E e Q . w South G"ffln 1_13 South Grlffln J-13
g —— canganan > ~
2 400 - E - 7] 0 1000 QQ,
80 @ ! Campanan I [ - g &§
300 | = = E b= —‘:mm‘:ﬁ mm&mlm o 4o o ‘ %..“: 900
. = = o O == Kse T R AN sese GSC data
200 | Type lll ; g Asian et ez é K1 ) B Geochem 800
B e St | tstemer wmm = » A Naskap
i Apran
100 | iz § Bl AN AN = i Bl 7 ‘i3 700 B Mississauga
/ ; 50 i monn i anat | missisausa 2 M1 it 2000 5 " K137
, ‘ ‘ 3 g 14-\—“%‘{—("““ | M16_ 53 K1a7ar Top Logan Canyon < Type ( )
0 >0 100 %0 200 o 5[5 Tithonian ‘W i Suc ES\ - M21-] 3& —— ——p@anaueread — '1° * ué 600 @ (3930-4070m)
OXYGEN INDEX ;3 / ooz | _rmmed carorste E s 32 M25 wodge £ . ur Top Naskapi : (4370-4390m)
)- L a—— pro— e @ gmﬁg‘h - M29- He3 £ 3000 | “Aptian MFS t'é 500
p s | unimmed camoncts HICA a Top Missisauga £ !
ROGUOIE & > 400
BASIC CHARACTERISTICS: TEGEND @ *
. b i Thoieiltic
* TOC comprised between 1 and 2% %e\} [G}eep se: Sg:itlgmphlc markers | e 7 A s I 4000 K137 0
as I e ARGO & _® _______ Tithoni
» Kerogen Type Il " Deepwater turbidite = , Top Baccaro :nhoma‘n'MEs_ / Type I
. . .. . . . . i . 200
« The Berriasian/Valanginian source rock is considered minor but it honors the presence of —ide Al L 5000 R
the background source potential contained in the Mississauga that needs to be accounted Salt W Basalt Time scale from Ogg. Ogg & Gradstein (2004) Top overpressure 100
. . & Source Rock Intervals nE R AAA A A
for in Petroleum System modeling. ; Eusaic cume. 4 o
i R A=F 3 . 0 100200 Miller (200), short-term ) ) 6000 : ; . , 0 T . . )
» For modeling purpose, the following characteristics were retained: S SEPM-H3q08 synihatc, mean sea level (ntermeciste term) o 1 2 s a4 s 0 0 100 150 200
—10, 1 Mean Sea Level Stratigraphy modified from:
* TOC=1% (conservative) e ey Toc %) OXYGEN INDEX
o Kerogen Type III L%EIEhN...EEoDdgEI:)Té\KRg Wade et al. (1995), Deptuck et al. (2008)
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Cohasset L-97 i
Data from: throughout the “Sable Basin”
0
®GSC
Water depth: 21.6 m Base Tertiary Mk BASIC CHARACTERISTICS:
X * TOC comprised between 1 and 2.5%
_ * '.: 4 South Venture O-59 - Kerogen Type IlI
1000 - r’-&—‘ 0 * The Berriasian/Valanginian source rock is considered minor but it honors the
] & * o0 Water deoth: 24 m Data from: presence of the background source potential contained in the Mississauga that
] ’?‘ . * ] pi- ©GSC needs to be accounted for in Petroleum System modeling.
] *%, o Mid-Albian u/c o o b 4 @ s « For modeling purpose, the following characteristics were retained:
2000 - I bianFS ] L A0S M Muki « TOC=1% (conservative)
T = 3 ? MississaugNaS api — Intra Aptian MFS 1000 - r 0:0’ - Kerogen Type Ili
ry ] fhtra Hauterivian MFS
= ]
8 ] ‘ ‘3 Geological Global Long-term | Depositional Seismi
1 1 Time Scale Sea Level Stratigraphic | settings |nw  Lithostratigraphy g | Main Events Salt Tectonics eismic
3000 ] 2000 (Miller. 2006) Sequences | on the Shelf Horizons
1 . Tlthonlan MFS ] 0 f!nl:l- Stages . |-180 50, 50 10| ug
Top Abenaki A==" T g
‘ ‘ : Ei ﬁ _f ‘Eﬁ "WV\—Q E Z T29 b
4000 M 3000 ] Naskapi i EM—M—_ =t ié “v‘ e T g _Endotmalor
7S —_ : Top Mississauga 5 3 v — 2 T
Misaine - Callovian MFS E % - -
5 £ e — 2
Q % a Tursnian a
a ] o ]
5000 - T T T T 1 4000 : % ( Q cu?mn:um %m
0 ! 2 3 4 S O O ——" Top overpressure £ T&;ﬁ '%gg ]
TOC (%) v éii m;rsr:’sr:
5000 - All samples analyzed for 5 NS ]
maceral from 5490 to 6170m = . &
® Top Mic Mac by Mukhopgdhyay (1990) Q} g:w:i?ﬁﬁ:m e . A o S S
_ . are contaminated by mud ~ Manly sandstone L1 Shale
6000 ] ‘ “ addltlves = gaone/cnale E [B)Oalfgwne Time scale from Ogg, Ogg & Gradstein (2004}
1 [ | %  Source Rock Intervals o
Newburn H-23 — Source rock - Tithonian MFS b s T, e ettt
0 - ] B wep SR f ﬁig“i“?i?g:;“:?gf:‘i“’. fao0e)
Water depth: 977 m 7000 . . . . . .
Data from: 0 1 2 3 4 5 6
] Petrocanada TOC (%)
1000 -
_ Annapolis G-24 Crimson F-81
2000 Y .: 0 0
] 'S ] . :
] PR o ® ¢ IN DISTAL POSITION: Water depth: 1714 m Data from: Water depth: 2115.5m Data from:
:.‘0 . ® o Base Tertiary The TOC of the basal Cretaceous source interval improves: ] Mukhopadhyay ] Corelab
T 3000 & & * « TOC comprised between 1.5% and 2.5% 1000 1000 -
= : » Kerogen Type Il
B . &’ » The whole Mississauga Formation is sufficiently organic-
a ] A ty Mid-Albian u/ rich in Annapolis and Crimson to charge the surrounding ] ]
4000 % ‘ 7y Ia-Albian u/c Missi o if hich is th ] 2000 1
: o, Early Albian MFS- Cree ississauga reservoirs if mature, which is the case. 2000 - ]
] 3 Naskapi - Intra Aptian MFS
] & Top Mississauga $
5000 - é rivian MFS 3000 1 ’é. 3000
E Po® E : ML Base Tertiary £ f |
] 0'“ < ‘ * £ ] Base Tertiary
6000 —MW § ] O. Mid-Albian u/c a
] TOC up to 2% 4000 " ¥ 2.6 EarlyAlbian MFS- Cree 4000 Mid-Albian u/c
~’_‘0 Naskapi — Intra Aptian MFS . & Early Albian MFS
] " "' Top Mississauga . - NII\!aS.kapl —Intra Aptlan MFS
7000 . . . ] ] op Mississauga
] * 5000 -
0 2 ‘ ° 2000 “?1 Intra Hauterivian MFS
TOC (%) :‘ :
* ". ]
6000 1 ¢ <— Near Valanginian ? 6000 - Intra Hauterivian MFS
] PSR 2 TOC up t0 2.6% ]
“ ® <—— Near Valanginian ?
] ] TOC up to 2%
] 7000 . . .
7000 T T T 1
0 1 2 3 4 0 1 2 3
TOC (%) TOC (%)

Berriasian/Valanginian Source Rocks

Source Rock - Valanginian - Sable Sub-basin
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i . Top |Bottom|Units Even
South Venture 0-59 R I - S Mic Mac H-86 o — e e
M

ONE ARM FROM A REAMER LOST - 13707 FISH BARRELS OF DIESEL & 40 BARRELS OF
513 EVENTUALLY RECOVERED WITH A JUNK PIPELAX - WORKED PIPE FREE
BASKET - : 2 3
TREATED
RFT TOOL STUCK AT 3657 METRES - FISH 263 964 FT
4768 M FISH RECOVERED WITH AN OVERSHOT GEL
SEVERAL SIDEWALL CORE BULLETS LEFT IN FIBRE, NUTPLUG, MUD
5756 M THE HOLE AFTER A SWC RUN - RECOVERED 964 15700 DLS CELLOSEAL, SPERSENE,
WITH A JUNK BASKET CROMEX, PIPELAX, DIESEL
GAS LEVELS ROSE WHILE TRIFFING OUT OF
4766 M THE HOLE - MUD WEIGHT RAISED BY 0.5 PPG = i i
. O D e DLS = Dispersed Lignosulphonate
GAS LEVELS ROSE WHILE DRILLING - MUD N
5036 M WEIGHT RAISED BY 2 5 PPG (FROM 14.4 TO 16.9 Ro (%) Robertson
PFPG) 05 1 15
3083 M MUD LOSSES OF 3.5 BBLS/HOUR REDUCED GR Markers TOC (%) Ro (%) Avery
WITH THE PLACEMENT OF AM LCM PILL : :
MUD LOSSES OF 10-15 BBLS/HOUR REDUGED I S T AP T SR R A A
3530 M IC_;I:)RSJ WITH THE PLACEMENT OF AN LCM PILL ! ]
MUD LOSSES REDUCEDFROM 25 TO 8 =0 E
4343 M BBLS/HOUR WITH THE PLACEMENT OF A 25 500 ;
PPG MICA PILL & KILL MUD 750 E ?
SEAWATER - 3
59 189 M BENTOMITE PILLS fooo E 1
1250 3
SEAWATER - E 4
189 3085 M POLYMER MUD 1500 ;
3085 6176 M ;'SEL\%;EV;TER' 1750
3696 3817 M MUD TURBO DRILLED INTERVAL E 2222 E
4852 4854 M MOTOR £ ] &
= 25003
4910 4980 M =
4999 5047 M Tithonian MESI Pemm———, | 4 [ |
5176 5236 M
H422 6753 M
277 6176 M DYMNA-DRILLED INTERWAL X
‘%R K
Ro {%) Muki 2 [
*
1 2 ’\
TN IO I ¢
GR_CM Markers TOC (%) S1 (myg/g) 52 (my/y) HI {myg/g) S3 {myg/g) Ol (my/g) Pl {mg/g) Tmax {°C} Ro (%) Avery
0 50 100 0 0s 10 5 100 2 4 0 2 4 0 200 400 0 5 10 150 200 400 0 0s 1 425 450 475 500 1 2
0 | NI BT Ly v v by e by v by 1 | L 1 L 1 1 L 1 1 | IFIITENS FIFIIrS ATRIVIIS N ST S R TR R Lo v by v bl bewwn by aa | IETERET] ARRTRRTET] Livis
] The Tithonian source rock in South Venture O-59
? 3 ¢ R v South Venture O-59 is not contaminated by any mud additives.
1000 ] A v' Kerogen microscopy (Maceral) indicates Type Il1A-1IB, Gas-Condensate/Qil prone (see Organic facies Table from Mukhopadhyay 1990, left).
] + v" Below 5000 m, where the Tithonian MFS is located, maturity is high (Ro>1.22%), Tmax reaching 460 C tends to disappear by lack of remaining
; A generative potential (Rock Eval S2 peak).
] ‘X v" HI x Ol diagram indicates a Tithonian source rock (SR) depleted in generative potential, consistent with a level of maturity Ro>1.8%.
2000 4
] } :’
_ { _ 3 _ & . The Tithonian source rock in Mic Mac H-86
£ 1 i | - “ . . . . .. . .
= o Naskapi....| M o i = L 1 N LE | . LAl v Mic Mac H-86 is contaminated by mud additive Dispersed Ligno-Sulfonate (DLS)
g ] . E’ I [" E ' ? F E ;” ", l v' Data are limited to TOC and maturity.
Hauterivian-MFS ‘ v TOC reaches values of 2 to 4% at the level of the Tithonian MFS as derived from structural maps Top Baccaro and BCU (this study).
son0- v" R0=0.6% at the level of the Tithonian MFS indicates incipient maturity only or onset of the oil window.
5000 K137 t \\‘}
] ; Global Long-term | Depositional N
Geological Sea Level Stratiggraphic sgttings nw  Lithostratigraphy  gg | Main Events Salt Tectonics Seismic
> Time Scale (Miller, 2005) Sequences | on the Shelf Horizons
] . . Period  Stages . |-150 .s0, 50 150 H
&000 —- -1 Tithonian MFS | = — B o2
: [ —— = [— I | — 3, === iz
x| = P g2
o e 2<
E é i i P = T29
P | o Fupesian 8 End of major
i E Luseton Ypresian open maring < salt deformation
. - - . E “Yoresian
Organic facies in the interval TD to ~K137 South Venture 0-59 S = Q | i T
~N Corian campantan 2
DEPTH TOC VRRo KEROGEN  OIL/GAS 10007 & : - 2
(m) (%) (%) OXIDATION LEVEL ENVIRONMENT ORGANIC INPUT  TYPE POTENTIAL o | ') “1a . | Ml — g
: 3 —m“m" [sac0 {chalie) K34
4940 0.63 1.05 Anoxic (partially) Inner neritic - marginal marine Mixed IIA-IB  Oil/Condensate 500 0 § — —_— é K101
4980 0.52 1.12 Anoxic (partially) Inner neritic - marginal marine Mixed IIA-IB Oil/lCondensate 5 - | | e . = o
5175 nla 1.22 Mildly anoxic Inner neritic - marginal marine Terrestrial B Cond.-Gas/Qil 700 | 1 = § B P TSR NN Wl 7 ) ‘130
5255 n/a 1.25 Mildly anoxic Inner neritic - marginal marine Terrestrial B Cond.-Gas/Oil e ll E e é @mﬂ marins ciaiz shok | MISSiSAUGA eF| Maae it §§
5420 0.83 1.45 Anoxic (partially) Inner neritic - marginal marine Mixed IIA-IIB Gas/Cond. & eoo0 Typ = i SRS o [ o §§ -]
5590 n/a 1.78 Mildly oxic Inner/outer neritic - marg. marine Mixed B Gas/Cond. z 2 ) E ? Ticaian mm..,‘m“ma $3eE : M25 r":‘g‘é‘;’:‘“
- 5700 1.66 1.85 Mildly oxic Inner/outer neritic - marg. marine Mixed 11B-1i Gas/Cond. g so0 | TOC=9.16% @ 4320m & Naskapi. _ )f — "’Tm — = o © e Lo ses
© 5865 4.83 2.13 Mildly anoxic Inner/outer neritic - marg. marine Mixed 1B Cond.-Gas/Oil % al4 ¢ Hauterivian 'V'FS - Naskapi base p S | uimmedcrbonts HICA
s 6080 nla 2.2 Mildly anoxic Inner/outer neritic - marg. marine Mixed B Cond.-Gas/Oil T 400 :BCU'Ha”ter'V'a" MFS RN @
= 6115 3.07 2.25 Anoxic (partially) Inner/outer neritic - marg. marine Mixed IIA-IB  Oil/Condensate Top Bacearo-BCY A Deep Sé—fgrg%?apm ¢ markers | 1= -
= 6170 n/a 2.42 Mildly anoxic Inner/outer neritic - marg. marine Mixed B Cond.-Gas/Oil 300 1 I+ Gas @Oil — amco e T
¢ Type Il |~ Deepwater turbidite =
. 1 =]
Reference: 200 Maln\y sandstone [ Shale )
P. K. Mukhopadhyay & Wade J. A. 1990. Organic facies and maturation of sediments ] e A - I§|Er,nltestone!0halk E gg!glrtnte _ _
from three Scotian Shelf wells. Bulletin of Canadian Petroleum Geology, Vol. 38, 100 | A x : &  Source Rock Intenvals Time scale from Ogg. Ogg & Gradstein (2004}
No. 4, pp. 407-425 ( #“- ' ® A4 Eustatic curve:
0 ! ! ! |, 6 “Im 260 gg':uﬁ:ﬂ;::;ﬁz;. mean sea level (intermediate term)
of 50 100 150 200 N Haa e Stratigraphy modifisd from:
Exhausted OXYGEN INDEX BALECZOIC :\'adeus. iﬂ:cLean (1920, 1983)
source rocks ! L;E‘EANSEEDDLEET)TQFJ Wade et al. (1995), Deptuck et al. (2008)
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Louisbourg J-17

: y Mud
370 M

South Griffin J-13 “op [Bottomunits] — Wua | WudAdaiuves | Event | Comments |
]

FISH 660 MM HOLE OPENER STUCK - FISH 9245 FIsH DRILL STRING PARTED - FISH
RECOVERED - RECOVERED WITH AN
31154 M OVERSHOT
53865 M DRILL COLLARS DROPPED IN HOLE - FISH —
: RECOVERED " TWOQ BIT CONES LOST - MILLED
BOTTOM HOLE TOOLS & TEST STRING STUCK E |'. 40211 W \?VTTJHUETUiEEBigEE?ED SANE
5475 M IN HOLE AT 5475 M - TEST STRING g‘é"‘
RECOVERED - TOOLS LEFT IN HOLE 2181 DRILL STRING PARTED - FISH
5898 5 M LOGGING TOOL STUCK IN HOLE - FISH NOT '.‘ '.I 4034.7 M RECOVERED WITH AN
’ RECOVERED ' OVERSHOT
PERFORATING ASSEMBLY STUCK IN HOLE AT ". '-‘ o THREE BIT CONES LOST -
5840 M 5752 - FISH PUSHED TO 5840 M WITH DRILL II ! 4120 M MILLED ON JUNK & RECOVERED
STRING - NOT RECOVERED N SAME WITH A JUNK BASKET
INCREASED MUD WEIGHT BY 97 KG/M3 (FROM
6511 M KCK | 5006 70 2193 KGM3) ¢ 103 3429 M SEAWATER
SEAWATER - GEL- 3429 9175 M SEAWATER -XCD
101 2624 M POLYMER SEAWATER - KCL WD
SWEEPS MUD 9175 31151 M POLYMER
2624 8982 M GEL-POLYMER
2115 1 59111 M FRESHWATER - LIGNITE,
8982 | 60424 |M  |KCL : : LIGNOSULFONATE LIGNOSULFONATE
54551 55389 M »
MUD - 32159 32589 M
5696.2 57385 M TURBO DRILLED INTERVAL \ ———
MOTOR N 22321 2450 M
- MUD
58474 58891 M TURBO DRILLED INTERVAL
41785 41816 M MOTOR
4340 43562 M
GR Markers TOC (%) S1 {mg/g) $2 (mg/g) HI {mg/g) S3 (mg'g) Ol {mg/g) Pl Tmax ("¢} Ro (%)
SID 1DIIZI 15|D IZII DiS 1I DI SI 1:3 IZII SI 1ID DI 1:3 ZID DI SIZIID 1D:ZIDIZII SI 1ID DI SDID 1DIDDDI D.|25 DiS D.i"S 4IZIID 42|5 45|IZI DiS 1 1i5
g M PP PRI N PETRTRTIT PP e Lol T O T N B I N P B GR_EDIT RPS 2711 Markers TOC (%) $1 (mg/q) $2 (mg/q) HI (mg/g) $3 (mg/q) ol (mg/q) Pl Tmax () Ro (%)
0 50 100 1500 05 10 2 4 i ns 1 i 5 100 200 400 0 25 5 750 500 10000 ns 1400 425 450 475 0s 1 15
N S I P N T S Y S L SO USSP AT Y Y (ST NP WP PN I B PP AU WY EEPIPIN EPUPIEE W S I S I I W

1000 -l

2000

8 ‘~
*p % *
+
Wm——*’
'_,_,__qa—*—'-—t")

E ] Aptian MFS | Tl Wl
g sy o B S AN S 1
] SR s =
K137 - l - Aptian-MFES N
4000 k 3500 N
h J150 3750 k
¥
K e [
5000 _: i ............. Tithonian-MFES;- J
\/. \
5750 o — TOpC&”.MFSN i i i i
Mud contamination 5000
LouisbourgJ-47 The large Hydrogen and Oxygen -
0 1000 | South Griffin J-13 Indices below 3115 m down to TD South GriffinJ-13
000 | ° reflect contamination by mud additive . &
. ) . K
1000 Tithonian St vose (Lignosulfonate). Below the Tithonian 500 < GSC data
800 Source rock (SR) 1000 &% ¢ oo MFS, HI values are too high for the A Naskaoi
oo | cochem elevate level maturity of that section of 1 askapl
2000 ¢ GsC B Mississauga (K137-
= Shell Typel the well. 700 | )
x )
_ Muki Ué 600 2000 553 Top Logan Canyon « Type n @ (3930-4070m)
E 3000 = y * i 600 1 (437U-4390m)
;E' A” data from § 500 ° E 3 .~ TOp Naskapi i
H . x < % Bt w500 1
the Tithonian | £ . ¢ £ o ntr.Aptian MFS 2
4000 11 fthonian M MFS interval o * 0 o S a0 |
7 ] are plotted in 01 » % e 3 Ve
Mud contamination P . (& a000 L 32 T o
5000 the HIxOI 200 g :. ° % Type Il e e Tithonian MFS
diagram ® % g o o ToPBaccaro 4 200 | 4 Type Ill
100 o —2 ° 5000 LT
6000 / Top overpressure 100 1 A
0 5 10 15 20 0 50 100 150 200 6000 1 ‘ ‘ ‘ ‘ o ' : : : ‘
TOC (%) OXYGEN INDEX 0 1 2 3 4 5 0 50 100 150 200
TOC (%) OXYGEN INDEX
Organic facies in the interval J150 to K137 (Tithonian Organic facies in the interval TD to J150 (Mic Mac Oxfordian? . . . . . -
g ( ) 9 ( ) The Tithonian source rock is well developed in Louisbourg J-47 and South Griffin J-13
DEPTH TOC VRRo KEROGEN OIL/GAS DEPTH TOC VRRo KEROGEN OIL/GAS
(m) (%) (%) OXIDATION LEVEL ORGANIC INPUT TYPE POTENTIAL (m) (%) (%) OXIDATION LEVEL ORGANIC INPUT TYPE POTENTIAL
v" Maximum TOC reaches up to 7%, averaging 3% in Louisbourg J-47 at a moderate level of maturity of Ro=0.7%.
3995 3.36 0.7  mildly anoxic (shallow marine)  Terrestrial 11B-111 Gas/Cond. 5455 2.15 ~1.3 mildly anoxic (shallow marine) Mixed 1B Cond./Oil/Gas v d d di ivel indi . K di left
4005 1.71 0.7 mildly oxic (shallow marine) Terrestrial 1 Gas 5580 0.49 ~1.6 mildly anoxic (shallow marine)  Terrestrial 1B Gas/Cond. Hy rogen an Oxygen Indices (HI & OI! respectlve y) Indicate a mix Type 1-111 erogen (See HI x Ol Iagram1 € )
5655 3.12 1.81 mildly anoxic (shallow marine) Mixed 1B Cond./Gas v
Reference:

In South Griffin J-13, the Tithonian source rock is deeper buried, but significantly more mature with HI x Ol values showing a generative potential exhausted.
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
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Alma F-67

Mud

Glenelg J-48

SURVEY TOOL LEFT IN THE
3655 M STUCK PIPE WAS JARRED FREE 313 M SSEEéHRg-?OVERED WITHAN
STUCK PIPE WAS BACKED OFF & RECOVERED
4018 M FISH WITH FISHING JARS T Sg{'éi;iﬁng?lé‘FNATHE
1
4380 Y PIPE WAS GEMENTED TQ CASING - BACKED ! '-l 4119 M FISH WELL KICK - ADDED DIESEL
OFF, MILLED & RECOVERED ol‘ ‘I AND WORKED PIPE FREE
4412 M MUD WEIGHT RAISED BY 418 KG/M3 (FROM §\§'. PIPE STUCK IN THE HOLE -
KICK 1617 TO 2035 KG/M3) TO KILL THE WELL 3‘5: coa1 M PIPE WAS BACKED-OFF AND
L)
1841 M MUD WEIGHT RAISED BY 35 KG/MM3 (FROM 2110 T CEMENTED IN THE HOLE -
TO 2145 KG/M3) 11 WELL WAS SIDETRACKED
110 830 M SEAWATER - l| In POSITIVE FLOW CHECK - MUD
VISCOUS PILLS s ) 4119 M KICK WEIGHT RAISED BY 510
o
830 2811 M KCL POLYMER MuD ": Egm;ﬁgi&lﬁgg&éﬁiu
2811 5054 M BIOVERT OIL-BASED MUD 4134 M
NO FURTHUR LOST
i 3007 3947 M NAVLDRILLED INTERVAL (DIRECTIONAL \ T 5157 M LOST  CIRGULATION DATA FOUND IN
MUD DRILLING) CIRC WELL HISTORY REPORT
4408 4448 M MOTOR  TURBO DRILLED INTERVAL 5193 M
4966 5064 M DYNA-DRILLED INTERVAL SEAWATER -VISCOUS
108 /8 M SLUGS
368 3261 M SEAWATER - KGL
DIESEL (4119 & 4141 M),
4 3261 441 M FRESHWATER - GEL - PIPELAX (4119 M),
\ — LIGNOSULPHONATE CHROME LIGNITE (4119 MUD
TN . - - . + - v - . o . - . . — — M)
CHROME LIGNITE (4141-
5253 M), KWIKSEAL &
4141 5253 M EEER%TXEAJEST'EGEL' WALNUT (5205 & 5253 M),
GR_EDIT RPS 2711 Markers TOC (%) S1 (mg/g) S2 (mg/g) HI (mg/g) $3 (mg/g) ol (mg/g) PI TMax £C) Ro (%) z’ggsﬁ’fﬂ‘}“ﬁﬁs’ 4735, 4753
oot AR R A L A B L B R TR o LA 4785 5083 M Ly DYNADRILEDINTERVAL
2503 =083 SH57 IM MOTOR  TURBOQ DRILLED INTERVAL
- 5205 5227 M
DYNA-DRILLED INTERVAL
(DIRECTIONAL DRILLING
! 4913 5085 |M MUD INTERVAL IN SIDETRACKED
*, MoToR=  HOLE)
TURBO DRILLED INTERVAL IN
%I 5085 5148 |M SIDETRACKED HOLE
{ Ro (%) Muki
1] 1 2
[T AT
— Apntian-MES 1 GR_EDIT RPS 2711 Markers TOC (%) S1 {myg/g) S2 (my'g) HI (mg/g) S3 (my/'g) Ol {mg/g) Pl Tmax (°C) Ro {%) Avery
= ! ® * 50 100 &0 0 05 10 ] 100 10 00 20 41 O 2\ &0 0 10 20 0 200 400 0 05 1 425 480 475 0 1 2
= o ‘ — M PP I AP T AR PRI N RS ST N FERTTUTTS FRRTTTTTT o ST R R PRI ASEPIPI AFE N POTTTITTTY FITTTTTTTTITTTTaNY M A R ARV R N AR IAPIPIT I FTR T IS FRTTRTTT |
) <
- )
+
Int=Haut-MFS
— — = s — + 3 1000 E
1250 3
3 f— — 3 - b b
12T 3 o 1500 3 Base Tertiary
g Mg’ g. » ¥ L‘ 1750 T
Tithonian-MFES _ : =t _ : 3 —_— 7 = 2000 -
2250 3
2500 *
5750 E 780 I
6000 € 3000 -
= Top-Naskapi— T
S 3250 - | L
Aptian-MFS— i
. L . . . 3500 Apt./Haut. u/c [
Organic facies in the interval J150 to K147/137 (Tithonian) Alma F-67 3750 s
DEPTH TOC  VRRo HYDROCARBON 60 - 40003 Haut " MFS 'y
(m) (%) (%) OXIDATION LEVEL ~ ORGANIC INPUT KEROGEN TYPE POTENTIAL /rOQQ 4250 3 .
s | & 4 3 O marker 2
4500 - 4725 3.2% 11t015 Partly anoxic Mainly marine IA-1IB mix (IIA dominated)  Oil-Gas/Condensate N N § . S ‘t
4785 -TD 3.5* 15t01.7 Partly anoxic Shallow marine IIA-11B mix (IIB dominated)  Oil-Gas/Condensate 401 Contaminated \,\\45‘0 50 K137 ‘\.
5 5000 e s A
£ 30 4300 E DSTHOT ““‘vi—
L L L . = A ) 5250 3
Samples # 4975 m & 5040 m exhibit contamination by lignite observed under the microscope (Mukhopadhyay 9 A 4 Tithonian SR s500
1990). srs0 3
Reference : 10 | E
Mukhopadhyay P. K. 1990. Evaluation of organic facies of the Verrill Canyon Formation. Sable Basin, Scotian Shelf wells. Report from G000
Global Geoenergy Research Ltd. GGRL file No. 390, March 30, 1990. o T T T T J
0 2 4 6 8 10 DEPTH TOC  VRRo ORGANIC KEROGEN HYDROCARBON
Toc ¢a) (m) (%) (%)  OXIDATION LEVEL INPUT TYPE POTENTIAL
AlmaF-67 . Glenelg J-48 4620 1.34 115 Partly oxic Terrestrial i Gas
1000 - 0\ 1000 @ 4655 1.92 Partly oxic Terrestrial 11} Gas
$ ,\$ 4745 1.64 1.2 Partly oxic Terrestrial [ Gas
900 K 900 4855 8.35 13 Partly anoxic Marine A Qil
. . . 4940 3.43 14 Partly anoxic Marine A Oll
o Naskapi The Tithonian source rock in Alma F-67 0 ¢ O Marker 5115 252 17 Partly oxic Terrestrial I Gas
. . . .. . . @ DST#1 re-B 5115 24.43 17 Partly oxic Terrestrial 1] Gas
o | = Mississauga v Alma F-_67 is severely contamlnated by mud additives. All samples from the Tithonian MFS level are . ) Ts o DZ’T‘;; cu 5160 214 187 Pa,ﬂi oxic Terrestrial " Gas
el A Tithonian SR contaminated (see HI x Ol diagram, left). Type W 5180.8 (core) 1.88 187 Partly anoxic Mixed B Gas/Condensate
X o0 | TP v" All Rock Evaluation S1 peaks (free hydrocarbons) are high due to contamination. 5 a0 51667 (core) 2.1 187 Partly anoxic Mixed I8 Gas/Condensate
S Contaminated i L . . i 2 5167 (core) 1.79 1.87 Partly anoxic Mixed 1B Gas/Condensate
= ontaminate v' Kerogen microscopy (Maceral) indicates Type llA-IIB, Oil-Gas/Condensate prone (see Organic facies Table z 5235 454 1.88 Partly oxic Mixed I Gas
w500 4
3 from Mukhopadhyay 1990, above). g . Reference:
a 2 oo P. K. Mukhopadhyay. 1990. Evaluation of organic
T 400 ) . . T Glenelg J-48 facies of the Verrill Canyon Formation. Sable
The Tithonian source rock in Glenelg J-48 e @ O Marker Basin, Scotian Shelf wells. Report from
300 | 300 o o 80 9 ‘bQQ @ DST#1. to pre-BCU Global Geoenergy Research Ltd. GGRL file
v' Glenelg J-48 is also severely contaminated by mud additive but the Tithonian from TD to DST#1 displays " 6¢ * 70 ¢ . D10 DSTHL No. 390, March 30, 1990.
0 Type Il TOC values comprised between 1.79 and 2.10% from core samples (see also Organic facies Table). o Type lll 60
100 | ‘/\ v' HI x Ol diagram indicates a Tithonian source rock (SR) depleted in generative potential, consistent with a 100 g o oo 5%
Y ¢ - level of maturity Ro>1.8%. . ./ 0 o o g0
0 T T T 1 . . . o . ’ 12} i
. w 100 150 200 v' Kerogen microscopy (Maceral) indicates Type 1B, Gas/Condensate prone (see Organic facies Table from 0 50 100 150 200 *
. 20 |
OXYGEN INDEX Mukhopadhyay (1990), rlght). OXYGEN INDEX
10 1
0
0 5 10 15
TOC (%)
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Abenaki J-56

LOST LOST CIRCULATION MATERIAL
8725 9300 CIRC ADDED: MICA, NUTPLUG &
y CELLOSEAL
“. ". TREATED
|‘| .: [ 435 1130 FT GEL
gt;:; DIESEL (9312 & 14650 FT), MUD
““,°‘, 1130 14991 DLS SPERSENE, CROMEX, CELLOSEAL, . . . .
Vi NUTPLUG. PIPELAX The Misaine source rock in Abenaki J-56
«Hin DLS = Dispersed Lignosulphonate v' Abenaki J-56 is contaminated by Dispersed Ligno-Sulfonate (DLS). However, low Rock Evaluation S1 peak

(free hydrocarbons) suggests 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=2%

— * Kerogen Type lI-llI

GAM Markers TOC (%) S1 (mg/g) $2 (mg/g) HI {mg/g) S3 (myg/g) Ol (mg/g) Pl Tmax {°C) Ro (%)
0 50 1000 05 150 1 2 3 0 i) 2 1} 2 4 u} 100 200 0 05 1 u} 50 100 0 05 1430 435 440 445025 05 075 1
0 { LPTIETRPTY| PPNt c| [0 PN PITce] LSar O ST MO b | 1 ! ! Liwvinins | T | L PO | P | PR RRRETEET | n | PSR SISO S [y SP ROy IPRTIEE.] [OFY | TP (o (VPP LSPUSPYOR  LAPYOTITRNrEl [osus| L SPWPRr s [ WNRTTr ] I ONET | | IS WIS A |
Geoloagical Global Long-term | Depositional . ) . ) L
i Sg I Sea Level Stratigraphic | settings |nw  Lithostratigraphy  gg | Main Events Salt Tectonics Seismic
Time Scale {Miller, 2005) Sequences | on the Shelf Horizons
_Period  Stages . |-150 .50, 50 150 o8
== £3
= 3 = El;:ﬁm =1+
= 203 5 e e g c
a 4 g Cracan = <
_; 5 Rupeiian =40 I e | = T29
_E '_ 3390 - —
FILE | RPN = Rupetan [T e E End of major
= Lustian presian e S — < salt deformation
3 re—— mlu.ln_me_m_m o= Ll = T50
Mississauga \ T 3 E:ﬁ {shales to sands) Wgﬁ% ; .
— — — — y 4 3 E Donion | campanian g
BCU | \ 3 MaasTichtan ﬁ D‘_}
E ]
[y - - N — /L t s B = Py o N N N E
—y ke o — — L] e — Campanian o
— — i — —_— >' —_ L E a Turmnan _E Turenian
Misaine | mmm—— || 1 —r  a— [ —— | E——— | - [ TN 5 - oodm e K34 4
| Y LR R | - l l l M\Qﬁ 4\’ E Q i & K101 =
% % F. ....................... F‘ F& 3 Hzmo Cenomanian Waloanie
I F 12|:|E E Aptary E e
15 = CIUSS N 7
E o 130.00 Tiaievian - K130
3 margnan 1= ginian Eg
140 5 - ; K147H37 —
E Tronan z SN NN 3 z 50
— ‘{J Tthorian Banquereal]
. o F Coctordian
Abenakil-56 AbenakiJ-56 160 = F wedge e -
= oS
0 1000 - Q\ Balodan ; Callgvian
~ Faierian 2 Bajocian
500 900 - 180 Toartian
2= 3
1000 800 | o Misaine i A Deep sé_aE s(.;trgtirg:?aphic markers o
200 — sif—E C ML = BREAKUP UNCONFORM — J200 =
1500 700 - m  Mississauga {:} Gas ® Oil '_ r
Type - “—~ Deepwater turbidite — e
2000 5 o Y 220 Mainly sandstone ] Shale -
£ z [ Limestone/Chalk [ Dolomite
= 4
£ 2500 & soo Salt Bl Basalt Time scale from Ogg, Ogg & Gradstein (2004)
a P g 240 & Source Rock Intervals
3000 Base Missisauga & = Muki I 4007 Eustafic curve:
L ! 11 Miller (2005), short-term
3500 300 0 100 200 SEPM-Hagq08 synthatic, mean sea level (intermediate tarm)
= " Misaine SEPM-Hag'08|
4000 A—ﬁ-—. x 200 1 Type lll Mean Sea Level Stratigraphy modified from:
| » PALECZOIC Wade & MaclLean (1990, 1993)
= METASEDIMENTARY Wade et al. (1985). Deptuck et al. (2003)
4500 100 - /\ & IGNECQUS ROCKS
i 1 1 1
5000 0 . . . ,
0 0.5 1 1.5 2 25 3 35 0 50 100 150 200
TOC (%) OXYGEN INDEX
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The Early Jurassic Source Complex

v Liassic sediments are missing in all wells drilled down to the Triassic, except for Uniacke G-72, located down slope of the shelf edge
prevailing at the time. Uniacke G-72 encountered remobilized Liassic clastics. Further out, Liassic sedimentation is expected to have

taken place in the subsiding part of the basin.

v" On the Portugal side of the opening proto-Atlantic ocean, Sinemurian, Pliensbachian and Toarcian source rocks are known to exist.

There is therefore a strong possibility that their equivalent be present on the Scotian Margin.
v" On the Morocco Margin, Toarcian source rocks are proven.

In Portugal
Luiz Carlos Veiga de Oliveira et al. (2006) publication reports the following:

Reference:

Luiz Carlos Veiga de Oliveira, Rodrigues R., Duarte L. V. Lemos V. B.
(2006). Avaliagéo do potencial gerador de petréleo e interpretacéo
paleoambiental com base em biomarcadores e is6topos estaveis de
carbono da secéo Pliensbaquiano - Toarciano inferior (Jurassico
Inferior) da regiéio de Peniche (Bacia Lusitanica, Portugal). Oil
generation potential assessment and paleoenvironmental
interpretation based on biomarkers and stable carbon isotopes of
the Pliensbachian - Lower Toarcian (Lower Jurassic) of the Peniche
region (Lusitanian Basin, Portugal). B. Geoci. Petrobras, Rio de
Janeiro, v. 14, n. 2, p. 207-234, maio/nov. 2006

2 Peniche
o BA— =y

BL Bacia Lusitanica
BA Bacia do Algarve

- Juréssico

Mesozéico e Cenozéico

- Embasamento Cristalino

L. C. Veiga de Oliveira et al.
(2006).
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Figure 1: Stratigraphy, Lithology and Rock Eval uationTotal Organic Carbon content (TOC)
& source potential (S2).
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Figure 2: Diagram of Hydrogen
Index x Oxygen index (HI x Ol)
for samples of Peniche Basin.

Reference:

L.V. Duarte, R.L. Silva, L.C.V. Oliveira, M.]. Comas-Rengifo, F. Silva
(2010). Organic-Rich Facies in the Sinemurian and
Pliensbachian of the Lusitanian Basin, Portugal: Total organic
carbon distribution and relation to transgressive-regressive
facies cycles . Geologica Acta, Vol. 8, No. 3, pp. 325-340.

Peniche Basin (Luiz Carlos Veiga de Oliveira et al., 2006)

v' The Mncb Member (MLOF* Mbr. in L. V. Duarte, 2010; see Figure 3 on the right) of
the Vale das Fontes Formation of Pliensbachian age is definitely an organic-rich
source rock with TOC up to in excess of 14%, averaging 3.8% over the Mncb
interval 28 m thick (see Figure 2).

v" An bitumen extract from the sample at 72.12 m analyzed by Gas Chromatography —
Mass Spectrometry (Figure 4) displays a large Gammacerane peak on the m/z 191
trace shown below. It compares closely with the trace of a condensate from DST#6
of the Venture B-13 discovery well offshore Nova Scotia also shown in Figure 4
below.

* MLOF = Marly Limestones with Organic-rich Facies

Lusitanian Basin (L. V. Duarte, 2010)

v In addition to the Pliensbachian source rock, Duarte et al. (2010) reports very rich
source rocks of Sinemurian age in San Pedro de Moel area (see location map &
Figure 3), exhibiting maximum TOC in excess of 20% for two samples, otherwise of
richness comparable to the Pliensbachian described by Luiz Carlos Veiga de
Oliveira et al. (2006) over a similar thickness.

Gammacerane in Venture B-13 DST#6 condensate

B) Oxynotum—
Raricostatum

Key
[] olostones and limestones
=] si ic and
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[] Micritic and microsparitic limestones
[ marls and marly limestones

E Lumpy marls

Lumpy limestones

. Tejo-Sado Cenozoic Basin

[l Basement

TOC Values

O>15‘3ﬁ Dﬂ-!s% AL“%

Q% O 2% A <os%

Location map and TOC distribution in
the Sinemurian of the Lusitanian Basin

(L. V. Duarte, 2010).

v' Gammacerane found in the Venture B-13 condensate of DST# 6 sample compared to the
extract from an organic-rich Pliensbachian sample (see Figure 4 below) strengthen the simple
analogy with the Peniche Basin, providing a direct argument in favor of the presence of

potential Liassic source rock on the Scotian Margin.

v' Of course, due to largely generalized use of mud additive during drilling operations on the
Scotian Margin, contamination in the Venture B-13 well needed to be checked.

v"In normal circumstances DSTs should not be affected by mud contaminants. However, if the
reservoir tested was invaded by mud fluids prior to testing, it may give back contaminant in the

test.
- VENTURE B-13 Nova Scotia
5000 Condensate
DST#6 4572-79m Gammacerane
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3500

3000

2500

1000

500

0
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45000 - ) o
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Figure 4: Biomarker traces (m/z 191). Gammacerane is present in the condensate of
Venture B-13 DST#6 and in an extract from the Mncb Member of the Pliensbachian

Vale das Fontes Formation.
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Figure 3: TOC distribution in the uppermost Sinemurian-Pliensbachian of
the Lusitanian Basin (L. V. Duarte, 2010).

Gammacerane — contaminant or indigenous?

v

Cutting extracts were analyzed for Gammacerane based on the principle that
cuttings would be most affected by a gilsonite type of mud additive containing

Gammacerane.

Results shown in Figure 5 are that Gammacerane in the 4570 m cuttings, just
above the tested interval is not anomalously abundant, whereas it is in the 4580 m

cutting below DST#6.

This distribution of Gammacerane in the cuttings tends to demonstrate that
Gammacerane in DST#6 condensate is hot contamination by mud additive.
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Figure 5: Biomarker traces (m/z 191) of cutting extracts from
Venture B-13. Gammacerane is not anomalously abundant at the
depth just above DST#6 (4570 m) but well developed at 4580 m,

just below the tested interval.
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Gammacerane & Depositional Environments
In Morocco WEYMOUTH A-45 i v i i i
Based on data graciously provided by Geomark Research Inc.: 10 A- (Nova Scotia) G_gmmacer_ane forms by re_ductlon of tetrahyma_nol. The source of tetrahyr_n_anol appears to be bacterivorous
HC Fluid inclusion, ciliates, which occur at the interface between oxic and anoxic zones of stratified water columns.
base salt canopy mix Gammacerane

v/ Abundant Gammacerane is believed to indicate the presence of stratified water column.

Cs5/Csa~1 v Although the stratified water column can result from both hypersalinity at depth (halocline) and temperature
(thermocline), high abundance of Gammacerane is mostly found in high salinity environments and evaporites.

5

v/ The most likely environments for a source of Gammacerane on the Nova Scotian margin would be:

e * Early Jurassic (Liassic), post-rift with high salinity at the end of the Argo salt deposition changing
, ' 4oc0cs) progressively to carbonate and more open marine environments; or
E<%a0uira Basin P r / g HERON H-73 (Newfoundland) * Triassic.
Field: Sidi Rhalem . it = grs;ffBaznZI?sAfloo —2306.00 m Homopane C35/C34 Ratio & Depositional Environments
: : e ' g, > : v'High Css-homopane compared to Czs-homohopane (see Figure 3) is commonly associated with marine
Tarfaya Basin (Cap Juby) /At 7 A e Gammacerane carbonates and evaporites. It is at least a general indicator of highly reducing marine conditions during

deposition (Peters and Moldowan, 1991) providing a highly favorable environment for source rock deposition

Field: M-02 ~ ; PR e Ny o :
A 2 ! o " ' and preservation.

5 P L W% E rooeeo Css5/C34>1
gy N =Ry o oo | L Gammacerane & Homopane C35/C34 Ratio
A F— ] L - i A

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

15181
=iE

ion 131.0% 510300 Formation of Portugal displays Gammacerane, but the C3s/C34 homohopane ratio does not exhibit any sign of
s MO-2 field (Morocco) highly reducing conditions, yet it is associated to an organic-rich source rock well preserved, the facies of
. G which is marly rather than pure carbonates (Duarte et al., 2010).
GEOCHEMICAL SUMMARY SHEET ooy Tarfayat basin frmacerane
Counrv Morocco 'Depmm. 1000 26-Ang-10 o] Cap Juby v’ Taking Gammacerane and the C3s/C3s homohopane ratio as indicators of salinity and, reducing and/or
Essin Essaouira Ase: Ozfordian Sample TD: MOOD0L 12000 GCJ carbonate deposition conditions, respectively, supports the environments foreseen for the Early Jurassic
Field: Sidi Rhalem Formation: m-:;i;:t“ C3s/C3s>1 a source rock complex based on the Moroccan and Portuguese Margins.
Well:1 < B3 12000 —
) . - @ v'In addition, organic-rich Toarcian offshore Morocco, DSDP Leg 79 Site 547, consist of black shale is
m 30 Hopane: 1039 SO0 § Q
Graciously provided by 23 “F ' ; L | L . © associated to a carbonate environment of deposition without any sign of hypersalinity. Accordingly, the
Geomark Research Inc. S " ‘s eim sm  6dod Py anma E hopane trace (ion 191) of extracts from several black shale samples collected and analyzed for this study
=1 1 1 Tira-1n - g H
. . display very lean Gammacerane content only, nothing more than a usual background (see Figure 4).
_ EggaOU|ra ba§|n SO s By y g ground (see Figure 4)
m_. Sldl Rhalem fleld Gammacerane — S|d| Rhalem field(Morocco) Gammacerane (ZD r :'m: Ao - A185-cal-tigerimsd_data\Exiracts\X11273.D R een IOy e .
1 Essaouira basin = | ‘}g:ﬁj;;‘;ﬁ;,;:;g““”"““E'°““““‘ No Gammacerane | Figure 4: lon 191 traces of three samples of
] (</E) Y Toarcian black shales from DSDP Leg 79 Site 547,
— e Css/C3e>1 M w! G Gammacerane well 547B. These traces display no or background
: @ - | ‘ abundance of Gammacerane. The shallow depth of
i 8 = A | these samples explains their immaturity and unusual
il O . * |3|0 13 signature. Location, analytical results and geological
- g —_— - T - o I T context are discussed in the next Plate.
) 1 1 ¥ v
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GEOCHEMICAL SUMMARY SHEET - E
Country: Merocca Depth (f): 7087 26-Ang-10 o Css/Caa<1 m Core sample @ 89111 m
Basin: Tarfaya Agze: Upper Jarassic Sample ID: ALOO002 1500 -
Fiald: MO-1 Formstion: Paerto Cansado LAT: 263167 - .
Well: M- LG -13.0072 1000 - Little Gammacerane
Sraciously provided by ppm C30 Hopane: 1501 -
eomark Research Inc. - ) ) -
Vale das Fontes Formation - Mcnb Member | S Peniche Basin, Portugal -
ion 15910 81010300 S) o9
Tarfayat basin sson] ROCK Xtract 72.12m .
=000 MO-2 f Id ol Modified from L. C. Veiga de Oliveira et al. (2006) — | Gammacerane = ! | | .
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Figure 3: Biomarker traces (m/z 191) of various oils, condensate, extracts and HC ol \ {
Figure 2: Biomarker traces (m/z 191). Gammacerane is present in the oil of the MO-2 field, Tarfayat fluid inclusion all exhibiting Gammacerane and a homohopane C3s/Cs4 ratio. A high -
Basin, Cap Juby, offshore Morocco C3s/Cs4 ratio >1 is commonly associated with marine carbonates and evaporites. It is o
at least a general indicator of highly reducing marine conditions during deposition - J M
(Peters and Moldowan, 1991).
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. ! . Cors Lithology Age Organic carbon (%)
In Morocco (Cont|nued) Modified from Rullkotter et al. 1984 oL . ]? » 2 2 4 5 s
. . 7 : Brown ’Of.alﬂlﬂl'!lll— £
Absence of Gammacerane in the Early Jurassic of DSDP Well 547B % Naratel shes |t
Geologic cross section along Meteor seismic profile 53-08 (A-A") : Site 547
through DSDP Sites 544, 547 (projected), and 545 (projected) v’ The Early Jurassic offshore Morocco, DSDP Leg 79 Site 547, consist of black shale Canozolc @0 Sl = pwevraam [ i o Shisbod ‘
g . oo o 5 oo 54 nannofossd ooze 12
associated to a carbonate environment of deposition without signs of hypersalinity Cretaceous A0 - 1o
(Figures 28& 4) Jursssic and Trisasic 8O —~ s g,",:,,:‘:,::'om g ‘ .
1000 & .
a0 v The Triassic section of the well 547B consists of red beds as shown in Figure 2 and T §.~§-J . ‘
£ o 5 o 5 c o = XL $ 8 Oligo,
£ Map in Figure 7 (Eurydice equivalent on the Scotian Margin). - | [Pe—— ar ¢ . .
8 e 7 claystone and chalk £|= ° e 9 o
2 . . 31a
g v’ Consistently, the hopane traces (ion 191) of extracts from several black shale samples gf - B Wil o°
c o =" a sa oo Greanih gray -
00F collected and analyzed for this study display very lean Gammacerane content only, ¥ o ] et 1 I
o000 nothing more than a usual background (see Figure 6). 4 - ] <l 2,
i : . . 50T N / 2 : 3 3
Distanca k) o fom i ot 1002 v' Gammacerane is proof of the existence of an Early Jurassic source rock. Its absence g g Pammtont ik 3 | & >
. . . . - S - ~
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Figure 2: Sofer diagram (Sofer, 1984) displaying
carbon isotopes (saturates & aromatics) of ails,
condensates (numbered samples) and bitumen
extracts from rock samples (green dots) from the
Scotian Margin reported by Mukhopadyay (1990).
Piston-cores seeps (dark blue dots) from TDI-
Brooks Int’l, Inc. study (2000) and Morocco oils)
communicated graciously by Geomark Research
are also included in the diagram. The many Nova
Scotia oils and condensates are located near the
separation line between terrestrial and marine
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Sable Is. E-48 as source of the Nova Scotia oils and condensates.
Sable Is. E-48 The piston-core seeps originate from a very distinct
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sourced from the Toarcian source rock supports
the presence of an Early Jurassic source rock on
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Re-interpretation of the “REGIONAL GEOCHEMICAL SURVEY for 2000 Nova Scotia Consortium SGE PROGRAM

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. Many of the extracts (shown separately in Figure 4) do not qualify as
source rock for the oil and condensates from the Scotian Margin (see Sofer diagram Figure 2), and some do. Along the Sofer line (Sofer 1984), 513C of the source
extracts lighter than oil/condensates suggest a lower maturity of the source samples analyzed.

Figure 1 shows the location of the piston-core seeps analyzed for isotopes. The gas-chromatograms show that the samples extracted from the piston-cores are as little
as possible contaminated by recent indigenous organic material. In Figure 2, the piston-core seeps displaying 6*3C ranging in the -30 to -31 per mil for the saturate

isotopically lighter than the oil/condensate and their qualifying source rocks, indicating a different source rock

Comparison with Morocco oils (Figure 3) known to originate from the Toarcian source rock suggests that the piston-core seeps could originate from an Early Jurassic

» The oil from the Essaouira field of Sidi Rhalem is isotopically compatible with the piston-core seeps (Figure 3)

* The MO-002 oil from the Tarfayat Basin (Cap Juby; see location Figure 3) known to originate from the Toarcian source rock displays isotopic values apparently
compatible with the bulk of the Nova Scotia oils and condensates, yet its biomarkers present characteristics of hypersalinity (gammacerane) of an Early Jurassic
(Toarcian) source rock (see Figure 2 of Plate 4-4-11). However, the MO-002 oil is severely biodegraded (Figure 4), which may be the reason for the drift of its isotopic
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Figure 4: Gas-chromatographic trace of the MO-002 oil (Cap Juby,
Tarfayat Basin) showing biodegradation of the oil.

Figure 3: Location of the Morocco oil samples used for comparison of oils
and condensates across the Atlantic Ocean with the Nova Scotia
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Figure 4: Sofer diagram (Sofer, 1984) displaying carbon isotopes (saturates & aromatics) of bitumen
extracts from rock samples (green dots of Figure 2) selected from various wells and stratigraphic
intervals. Only the bitumen extracts located near the line are candidates for sourcing the oils and
condensates of the Scotian Margin.
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Figure 1: Low Gammacerane abundance in piston-core seeps

Piston Core Conclusions

* The tight isotope group (Figure 2, PL. 4-3-8) 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 (Toarcian) source rock
(Figure 2, PL. 4-3-8) suggests and supports the presence of an Early Jurassic source rock on the Scotian Margin.

* Low abundance of Gammacerane in the seeps displayed in Figure 2 suggests that their source rock was not deposited under
water stratified or hypersaline conditions. The Toarcian source rock in the IODP well 547B exemplifies such a case as it is bare of
Gammacerane (Figure 5, PL. 4-3-5) but nonetheless a source rock.

» Absence of Oleanane precludes any Late Cretaceous sourcing (Figures 1 and 2).

THESE ARGUMENTS SPEAK IN FAVOR OF PRESENCE OF AN EARLY JURASSIC SOURCE ROCK
* On the western part of the margin, down slope off the Jurassic carbonate platform, 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.
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Figure 2: Low Gammacerane abundance and absence of Oleanane in all piston-core seeps analyzed for stable carbon isotopes.
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Source Rocks

Lower Cretaceous — Aptian — Naskapi (deltaic)

This 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 Evaluation data defining the characteristics
of this source rock are shown in Figures of Plates 4-4-2 and 4-4-3 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 plot shown in PL. 4-4-2.

The hydrocarbon kitchen applying to the Lower Cretaceous — Aptian source rock is limited to a restricted area of the shelf (see maturity map in PL. 7-3-2-2).
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. A map of present day maturity produced by the Temis 3D model of the margin on the Naskapi source rock shown in PL. 7-3-2-2 displays the extent and
intensity of the limited hydrocarbon kitchen applying to the Naskapi source rock. 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 Scotian 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 —Valanginian (deltaic)

The age of this source interval is Berriasian-Valanginian (from K137 up) depositing as prodeltaic and paralic facies of the “middle” Mississauga 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. Plates 4-4-3 and 4-4-4 display 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=1%
+ Kerogen Type lll, using default Type Ill 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 Evaluation data, usually by improving the response of these measurements to
anomalously high values. The best and only way to overcome the distortion on Rock Evaluation 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 Scotian Margin.

Figures in Plates 4-4-5 to 4-4-7 display the characteristics of the Tithonian source rock in various wells of the margin. Some wells shown on the Plates have
not been screened by kerogen microscopy, e.g. South Griffin J-13 (PL. 4-4-6).

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

+ TOC=3%
* Kerogen Type II-lIl.

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 Ill to 1IB. 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 IIB that is
condensate/gas prone in Mukhopadhyay classification. PL. 4-4-8 displays the characteristics of the Callovian source rock in only one well of the margin,
where it was penetrated and showed significant source potential.

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

« TOC=2%
» Kerogen Type IIB (lI-ll; standard).

Early Jurassic Source Complex - Sinemurian-Pliensbachian-Toarcian

A Sinemurian-Pliensbachian-Toarcian source complex is 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 will 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 IODP 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 Scotian 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
Scotian 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, named Pliensbachian source rock in
the 3D modeling Chapter, Plate 7-3-1-3a. The estimated characteristics of this source rock are as follows:

+ TOC=5%
* Kerogen Type

Source Thickness and Lateral Extent

The thickness of a source rock is as important as its organic richness for determining the amount of hydrocarbons that can potentially be produced by it. The
lateral extent of a source rock is also important as oil accumulations have a tendency to occur at the shortest lateral distance from the generative kitchen of
the source rock. Both thickness and lateral extent of the source rocks clearly identified in only a few wells, can not clearly be defined with the well control at
hand. Also, the lateral extent out of the well control is undetermined. Therefore, these two variables of the petroleum systems had to be estimated for feeding
the 3 dimensional petroleum system model presented in Chapter 7. The maps of source rock thickness and lateral extent that are accounted for in the
Scotian Basin model are shown in PL. 7-3-1-3a (Chapter 7).

Conclusions
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