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Abstract 
On the Scotian Shelf, rollover anticlines host majority of the significant and 

commercial hydrocarbon discoveries. The Upper Jurassic to Lower Cretaceous age 

reservoirs analyzed in this study are contained in a rollover structure explored by the 

Migrant N-20 well. This structure is located up-dip from the Adamant rollover explored by 

the Adamant N-97 well and the Thebaud Structure, which contains economically 

developed reservoirs. Despite initiall y flowing gas at a considerable rate during drill  stem 

testing, pressure depletion was encountered in the structure. This led to a preliminary 

conclusion of the presence of an a volumetrically limited reservoir, similar to deep 

diagenetically altered reservoirs in other related structures that failed to encounter 

commercial volumes of hydrocarbons.  

This research integrates well data and 3D seismic data to investigate the impact of 

sand-on-sand juxtaposition across the crestal fault in the Migrant Structure previously 

missed in 2D seismic. Additionally, we include well pressure analysis, petrophysical 

analysis, and seismic mapping of siliciclastic reservoirs in the Migrant rollover anticline, a 

part of the Migrant-Adamant-Thebaud expansion trend (a group of elongate depocentres 

with sediment fill).  Overall, changes in seismic character and isochron thicknesses in the 

Jurassic to Lower Cretaceous section observed between the Migrant and Thebaud fault 

blocks characterizes the timing of fault activity. As a result, between 500 and 1000 m (750 

m based on chosen average velocity) of clastic sediment deposits in the Thebaud area have 

no equivalent (likely from non-deposition) on the north side of the boundary fault.  

To demonstrate the failure mechanism associated with the crestally faulted Migrant 

rollover, 3D geocellular models populated with petrophysical parameters from the N-20 

well were used to carry out a trap analysis of the structure. As part of the trap analysis, 

depth conversion of TWT seismic picks in the Migrant Structure was done to ensure that 

the structure is enclosed in depth. Results show that there is increased displacement along 

the crestal fault in the shallow and intermediate sections where the intraformational shales 

are relatively thin.  

Residual gas shows at different levels of the structure from petrophysical analysis 

suggest hydrocarbon migration through the system. Also, structural closure and reservoir 

quality diminish with depth in the structure with a termination of the crestal fault in areas 

of low net sand to gross interval thickness deep in the Migrant Structure. The presence of 

localized gas trapped below the crestal fault termination represents a different trapping 

mechanism from the hangingwall dip-closed shallow to intermediate reservoirs above the 

crestal fault. 
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Glossary 
American Petroleum Institute: A classification system developed by the American 

Petroleum Institute to describe the gravity/viscosity of gas-free crude oils expressed as 

°API. Gravities can vary from low (>31.1°API), medium 31.1-22.3°API), heavy (22.3-

10.0°API) to extra-heavy (<10°API) crude oils and extend to tars and solid forms.  

Commercial Discovery: A discovery of petroleum that has been demonstrated to contain 

petroleum reserves that justify the investment of capital and effort to bring the discovery 

to production.  

Development well: A well drilled for natural gas (or crude oil) within a proven field or 

area for the purpose of completing the desired pattern for production. 

Drill Stem Test (DST): A method for isolating and testing the pressure, permeability, 

and productive capacity of a geological formation during the drilling of a well; provides 

important measurements of pressure behaviour and information on fluid type with sample 

collection.  

Dry hole: A well that does not yield sufficient volumes of gas or oil to support 

commercial production. 

Excess Pressure: Subsurface pressure that is abnormally high, exceeding hydrostatic 

pressure at a given depth.  

Exploratory well A well in an area where petroleum has not been previously found, or a 

well targeting formations above or below known reservoirs. 

Hydrocarbon: Any one of hundreds of organic compounds (gas, liquid, or solid) 

containing only hydrogen and carbon. 

Hydrostatic Pressure: The pressure on any rock at a given depth based on a hydrostatic 

head.  

Lithostatic Pressure: Pressure of the weight of overburden on a formation at a given 

depth. 

Mcf (thousand cubic feet): A unit of volume most used in the low-volume sectors of the 

natural gas industry (such as residential distribution). 

Mud Gas Log: A catalog of data from hydrocarbon gas detectors to determine the level 

of gas recovered from the drilling mud. 
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Net Reservoir Thickness: Refers to the sum of the productive intervals of a reservoir 

and is determined by the application of cutoffs. 

Overpressure: Formation pressure more than hydropressure. 

Pay Zone: The producing part of a formation.  

Play: A conceptual model to describe hydrocarbon accumulation in prospective basins or 

regions. 

Pressure Gradient: Change in pressure per unit of depth  

Repeat Formation Tester (RFT): A wireline method for testing pressure of a geological 

formation during drilling quickly; provides important measurements of pressure behavior 

and information on fluid type with sample collection  

Reserves: Quantity of hydrocarbons, coal, or minerals considered to be economically 

recoverable using current technology. 

Seismic: Pertaining to or characteristic of sound waves in the earth; used in the oil and 

gas and coal industry via seismic surveys to determine underground rock structure. S 

(sound waves produced by small, controlled explosions are focused into the ground, and 

the reflections from various layers in the earth are recorded; ï the sound waves travel at 

different speeds in rock layers having different densities, thereby allowing determination 

of structure based on the makeup of rock types). 

Significant Discovery: A discovery indicated by the first well on the geological feature 

that demonstrates by flow testing the existence of hydrocarbons in that feature and, having 

regard to geological and engineering factors, suggests the existence of an accumulation of 

hydrocarbons that has potential for sustained production. 

Tcf (Tri llion cubic feet): A measurement of high-volume for natural gas. 

Unrisked Gas: A volume of gas discussed, not multiplied by the risk factors associated 

with being able to produce it. 
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CHAPTER 1 

INTRODUCTION 

1.1. Project Overview 
Rollover anticlines are syn-depositional structures that develop in the downthrown 

side (hangingwall) of deltaic growth faults (listric normal) in sedimentary basins 

(Vendeville, 1991; Cummings & Arnott, 2005; Adam et al., 2006). Their formation is 

attributed to the interaction between gravity-driven extension, syn-sedimentary deposition, 

and the movement of a mobile substrate (Vendeville, 1991). These structures may contain 

stacked sedimentary units with porous rock (reservoir) and an impermeable rock (seal) 

capable of containing hydrocarbons (Vendeville, 1991; Adam et al., 2006). Globally, they 

are targets in hydrocarbon basins such as the Nile Delta (Sestini, 1989; Beach & Trayner, 

1991), Amazon Delta (Cobbold & Szatmari, 1991), Gulf of Mexico (Diegel et al., 1995), 

Niger Delta (Doust & Omatsola, 1989; Wach et al., 1998a, 1998b, 1998c) and the ancient 

Sable Delta (Cummings & Arnott, 2005).  

On the Scotian Shelf, most of the wells drilled to date occur in the Sable Subbasin 

(OERA, 2011; Figure 1.1). Among the tested play types, growth fault-controlled rollover 

anticlines account for most of the significant and commercial hydrocarbon discoveries 

made to date of which about 74% occurs mainly in Cretaceous sands (OERA, 2011). Other 

discoveries are related to salt diapirs, carbonate banks, and drape structures (Figure 1.2). 

 

Figure 1.1: A location map of the Sable Subbasin, offshore Nova Scotia. The sediment 

thickness map on the right (after Wade, 2000) including labels of the subbasins and the 

area of the Sable MegaMerge 3D seismic volume is contained in the area within the red 

box. 
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Figure 1.2: A pie chart showing the different play types tested by drilling offshore Nova 

Scotia. Note that rollover plays appear to be the most successful of the tested play types 

(OETR, 2011). 

Hydrocarbon drilling results from around the world highlight trap and seal failure 

as the reason most exploration wells fail to encounter producible hydrocarbons(Almon & 

Dawson, 2004; Dawson & Almon, 2002 and 2006; Rudolph & Goulding, 2017). An 

investigation of wells on the Scotian Shelf was found to contain no commercial amounts 

of hydrocarbons. Furthermore, published data by the CNSOPB reported ñno fault-sealò as 

the primary cause of failure for most wells targeting rollover structures offshore Nova 

Scotia (CNSOPB, 2013). In rollover structures, the sealing potential of a fault depends on 

the relationship between the amount of displacement on the fault, and the thickness of the 

reservoir overlain by an impermeable lithology (a seal) overlying each reservoir (Allan, 

1989; James et al., 2004; Richards et al., 2008, 2010). The juxtaposition of porous and 

permeable lithologies containing hydrocarbon fluids on one side of a fault with porous and 

permeable lithologies on the other side of the fault may lead to cross-fault leakage of 

hydrocarbons.  

1.2. Problem 
The acquisition of high-resolution 3D seismic data between 1996 and 2006 has had 

little effect on the exploration success along the margin. This has encouraged the need to 

understand the relative distribution of good quality reservoirs and competent seals as key 

for future exploration. Positioned west of Sable Island, the Migrant Structure (Figure 1.3) 
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is a low relief rollover anticline drilled by Mobil in 1977 to test for hydrocarbons trapped 

in Upper Jurassic Mic Mac Formation sandstone reservoirs. Drill stem test results from the 

Migrant N-20 well indicated that it encountered a reservoir that contained free 

hydrocarbons (gas) that flowed to the surface (CNSOPB, 2009). 

 Despite its proximal position to the downdip Thebaud gas field (a commercial 

discovery), the hydrocarbons discovered in the Migrant Structure were deemed to be non-

commercial by the operator (SOEP) with drill  stem test (DST) results indicating limited 

hydrocarbon volumes in the reservoir. Mapping the closure was aided by the presence of 

check shot data (well velocity data), to discern velocity variations resulting from 

differences in sedimentary thickness on either side of a fault (Bain, 2015). Such velocity 

variations may affect the the interpretations of closure extent in true vertical depth (TVD).  

 

Figure 1.3: A seismic section of the Migrant Structure and N-20 well penetration shows 

evidence of extensional-related crestal faulting represented by the light blue line. The main 

listric fault (light green dashed lines) extends below the structure (in the full view). The 

crestal fault terminates with depth. An average constant velocity of 2900 m/s derived from 

checkshot survey was used for depth conversion of the seismic time interpretations.  

The Migrant N-20 exploration well (Figure 1.3) reached a total depth of 4669 m in 

the Mic Mac Formation (Tetco, 1978). Eight drill stem tests (DSTs) were attempted in 
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three upper Mic Mac Formation sands (Table 1.1). The preliminary well history report 

concluded that the cause of depletion in pressure was either insufficient structural closure 

in the zone or the presence of a geologic boundary such as a fault near the wellbore (Tetco, 

1978). The two other Mic Mac Formation sands that were tested also appeared to be gas-

bearing on petrophysical logs but did not flow gas at measurable flow rates possibly due to 

low calculated effective porosities of ~7% and possibly inadequate ñpermeability 

thicknessò in the test interval (CNSOPB, 2009). From wireline log analysis, the fluvio-

deltaic succession is represented by numerous blocky and fining up sands on well logs 

(Chapter 4). Hence, with the fault influence, the concept of stair-stepping of hydrocarbons 

laterally between reservoirs will be tested (as outlined in Section 1.5). The high net-to-

gross (NTG) of the Missisauga Formation section higher up the Migrant Structure suggests 

that hydrocarbon leakage likely occurred around the crest of the structure from 

syndepositional faulting of the shallow sediments (Smith, 1980; Downey, 1994; Richards 

et al., 2008, 2010). 

Table 1.1: The Migrant N-20 well DST test intervals (Tetco, 1978). 

 

1.3. Study Area 
The study area comprises the Migrant-Adamant-Thebaud expansion trends 

associated with large-scale listric growth-faulting on the Scotian Margin. The sedimentary 

succession can be tied and correlated to the 3D Sable MegaMerge seismic survey at the 

Migrant, Adamant and Thebaud wells and correlated between the fault blocks (Figure 1.4; 

Figure 1.5). The absence of core data in the Migrant N-20 well, and limited sidewall cores 

in the Adamant N-97 well core data from wells that penetrate similar-aged fluvio-deltaic 
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sediments in the down dip Thebaud rollover were studied (Figure 1.4; Figure 1.5). 

Variations in depositional energy and facies distribution between the Migrant Structure and 

the distal Thebaud Structure ~15 km apart may introduce some uncertainties where core 

data have been supplemented in the Migrant area.   

 

Figure 1.4: A structural map of growth fault networks and associated rollover structures 

with well penetrations around Sable Island (Wach and Hirschmiller, 2012). The Migrant 

Structure is represented by the purple star. The black dashed lines are pipelines connecting 

other producing fields to the commercial gas field in the Thebaud Structure. The yellow 

line from M and Mô represents the cross-section (Figure 1.5) with the Adamant penetration 

in the center of the line. 

 
Figure 1.5: A seismic stratigraphic section showing growth faults in the Sable Subbasin 

including the Migrant, Adamant, and Thebaud rollover anticlines (SOEP, 1997). The wells 

penetrating the structures are indicated on the section with the Adamant N-97 well 

indicated in red. Notice the curvature of the main listric faults (dense black lines) as they 

sole-out in the deeper sections. 
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1.4 . Project Objectives 
(a) Establish a consistent stratigraphic template between the newer Thebaud T5 E-74 

and Adamant N-97 wells with the older Thebaud I-93 and Migrant N-20 wells showing 

the succession of key zones from the proximal to distal positions. The stratigraphic 

work done in newer and older wells are revised in this study to produce a template that 

integrates work done in both the older and newer wells.  

(b) Evaluate the change in the pressure-depth relationship between reservoir intervals. 

This will aid in confirming if there is a stratigraphic control on the overpressure from 

Migrant through the Thebaud structures. 

(c) Determine porosity, permeability, and fluid saturation distribution within reservoir 

intervals. 

(d) Use an average velocity to generate time structure, and depth maps from the 3D 

seismic data, which offers improved resolution from which the crestal fault previously 

missed in 2D data has been identified. 

(e) Assess hydrocarbon trapping  through fault -seal analysis at Migrant. The presence of 

sand traps indicated by the bright amplitudes on the hanging wall of the structure are 

an added benefit to using the much-improved 3D seismic.  

1.5 . Hypotheses 
          At Migrant four four hypotheses were considered to explain only minor 

hydrocarbons in stacked four-way dip-closed reservoirs. The first two hypotheses were 

explored with the latter two hypotheses investigated further in this study.  

Top seal failure at Migrant: Mechanical and capillary breaching of seals occurs due high 

pressure and may explain why the Migrant structure failed. However, pressure elevation 

plot of the Migrant N-20 well shows that only the bottom reservoir at Migrant is 

overpressured with most of the reservoirs above the overpressured reservoir being 

hydrostatically pressured. The hydropressured reservoirs occur within the section 

influenced by the crestal fault. 

Fluid migration shadow at Migrant: The location of Migrant in a fluid migration shadow 

was thought to be a potential source of failure. However, a daily gas flow rate of 10 MMscf 

/day in one reservoir interval with pressure depletion suggests that there was hydrocarbon 
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accumulation. This allowed for much of the research efforts to be concentrated on the more 

probable hypotheses.  

Depth conversion issue: Uncertainties with the conversion from time to depth. In cross 

section view, Migrant looks like a 2-way dip closure (as seen on seismic) and 4-way dip 

closure when mapped in 2-way time. Structure may not be enclosed as it appears.  Though 

it looks enclosed in time it may not be in depth (Will be investigated).  

Possible cross fault leaks: If shale units are thinner than the fault offset, the sand beneath 

the shale may be juxtaposed with another sand interval above the shale on the other side of 

the fault. This will allow hydrocarbons to migrate between sands of different ages across 

the fault upwards and outwards resulting to a stair stepping of hydrocarbons 

stratigraphically up structure until a level above closure. This will be tested through 3D 

seismic mapping and Allen diagrams.  

1.6. Thesis Outline 
The thesis is made up of seven chapters and supporting appendices. 

Chapter 1: INTRODUCTION This chapter introduces the project, including the 

background statement of the location of the study area, hypothesis, project objectives, and 

thesis outline. 

Chapter 2: BACKGROUND This chapter presents the regional geology, petroleum 

systems elements, and past exploration of the Scotian Basin. 

Chapter 3: STRATIGRAPHIC WELL CORRELATION AND SEDIMENTARY CORE 

ANALYSIS OF THE MIGRANT EXPANSION TREND This chapter presents the well 

correlation and pressure data analysis for the four project wells. The results from the 

pressure data analyses are presented in this chapter. 

Chapter 4: PETROPHYSICAL WELL LOG AND PRESSURE ANALYSIS OF THE 

MIGRANT EXPANSION TREND In this chapter, the results from petrophysical analyses 

in the project are presented. 

Chapter 5: 3D SEISMIC INTERPRETATION AND FAULT SEAL ANALYSIS OF THE 

MIGRANT STRUCTURE This chapter presents the seismic datasets and fault-seal 

analysis at Migrant. 
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Chapter 6: DISCUSSION This chapter includes discussions on the structural and 

depositional patterns observed across the expansion trends. It also addresses fluid and 

pressure distribution within the Migrant, Adamant and Thebaud structures as well as strata 

correlation and the role of crestal faulting on trap integrity and gas migration in rollover 

structures. 

Chapter 7: CONCLUSIONS AND RECOMMENDATIONS This chapter comprises the 

conclusion, applications of this study, and recommendations.  

1.7. Project Workflow 
Figure 1.6 outlines the workflow used in this study. Schlumberger PetrelTM 

software (donated to the Dalhousie Basin and Reservoir Lab; Professor Grant Wach P.I) 

was used for most of the work in this project including log correlations, petrophysical 

analysis, geocellular modelling, and time to depth conversion. 

 

Figure 1.6: Complete workflow used in this project. The workflow integrates the well data 

(including core, pressure, and well log analysis) and seismic data (used for seismic 

analysis and 3D modelling). The yellow boxes indicate the aspects of the well data used. 

Blue relates to pressure data used in the study. The red boxes indicate the seismic data 

before being transferred over to the model building (grey boxes) and finally used in 

modelling (brown boxes). The solid lines indicate the parts of the workflow that were 

required before the next steps, whereas the broken lines represent those used iteratively 

between steps (not strongly required for the next step).  



9 
 

CHAPTER 2 

BACKGROUND 

2.1. Regional Structural Setting 
Offshore Nova Scotia, the Scotian Basin extends from the Yarmouth Arch in the 

Southwest to the Grand Banks in the Northeast, covering an area of ~ 400, 000 km2 (Wade 

& MacLean, 1990; Hansen et al., 2004; Kidston et al., 2005; Figure 2.1). The basin 

evolution begins with continental extension and rifting as well as the opening of the North 

Atlantic Ocean from the break-up of Pangea that began in the Early Mesozoic (~ 200 Ma). 

Episodes of rifting between the African and North American plates resulted in the 

formation of the Atlantic Ocean (Schlische, 1993; Withjack, Schlische, & Olsen, 1998). 

 

Figure 2.1: A block diagram showing the Geology of the Scotian Shelf from Williams et 

al., (1997), and later modified by CNSOPB (2009). 

According to Welsink et al., (1989), extension began in the Late Triassic and 

terminated in the Early Jurassic, producing NE-SW oriented horst and graben systems on 

the Scotian Margin. These controlled the formation of the Mesozoic Subbasins and the 

deposition of sediments. The Sable Subbasin is a portion of the Scotian Basin that formed 

from extensional-related tectonism (Williams et al., 1998; Figure 1.1). The basin represents 

a significant sediment trap on the passive Scotian Margin, which comprises the continental 

shelf and slope, accumulating up to 16 km of Mesozoic-Cenozoic sediments (Wade et al., 
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2000). With a sedimentary sequence commenced by Triassic evaporites (i.e. salt) and 

Mesozoic-Cenozoic siliciclastic (Weston et al., 2012) sit on structural basement 

comprising complex Cambro-Ordovician meta-sediments and Devonian granites. 

2.2. Stratigraphy of the Sable Subbasin  
Following the formation of the NE-SW trending grabens and half grabens from 

rifting in the Mesozoic, the Early-Middle Triassic is characterized by an arid-semiarid 

dominated climate. These conditions led to the deposition of continental red beds and thick 

salt layers (Figure 2.2).  

 

Figure 2.2: A stratigraphic chart of the Scotian Basin by Campbell (2018). The red box in 

the middle of the chart shows the target Lower Missisauga and Mic Mac formations.  
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The deposition of these sediments represented by the Eurydice and Argo formations 

occurred during early rifting (Weston et al., 2012) as shown in Figure 2.3. Most of the Argo 

Salt accumulated in the earliest post-rift in the Early Jurassic (Ings & Shimeld, 2006; 

Deptuck et al., 2014; Deptuck & Kendell, 2017).  

 

Figure 2.3: A paleogeographic map of the Scotian Basin showing the early lakes and 

shallow seas with associated salt deposited during the Late Triassic (CNSOPB 2012).  

After Late Triassic-Early Jurassic time, widening of the basin and expansion of the 

Atlantic seaway began in the Middle Jurassic with marine incursion (OôConnor et al., 

2018). This led to the deposition of the Iroquois Formation dolomites (Figure 2.4). The 

dolomite passes laterally westward into post-rift fluvial clastic sediments of the Mohican 

Formation, which is thickest on the northwest and southeastern parts of the margin (Steele 

et al., 2011). With increased sea level and regional subsidence, the Abenaki Formation, a 

platform carbonate with three members (Scatarie, Misane, and Baccaro) was deposited 

(Kidston et al., 2005). Marine conditions with widespread carbonate banks developed on 

the western edge of the margin with a mixed clastic-carbonate system developing along the 

eastern part of the margin comprising the Scatarie Member in the Middle Jurassic 

(Campbell, 2018). 
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A rapid change in slope gave way to a deepwater environment seaward of the 

carbonate platform, characterized by the deposition of marine shales including the Lower 

Verrill Canyon Formations (Figure 2.4). The landward equivalent comprises calcareous 

sands, shales, and carbonate muds of the Mic Mac Formation, as well as the terrigenous 

Missisauga Formation (Jansa & Wade, 1975; SOEP, 1997). The Late Jurassic-Early 

Cretaceous period saw an increase in the deposition of clastic sediments generated by 

largescale continental drainage systems that resulted in the formation of the Sable Delta 

complex (Figure 2.4). The vast clastic influx is thought to have been tectonically influenced 

(Jansa et al., 1975). 

 

Figure 2.4: A Late Jurassic paleogeographic illustration of the Scotian Basin depicting the 

Abenaki carbonate platform and the advancing deltaic clastics of the Mic Mac Formation 

that inundated the carbonate system (CNSOPB 2012). 

Continued progradation of the Sable Delta was accompanied by the deposition of 

delta front and delta plain clastics of the Missisauga Formation in the center of the delta, 

which transitions to a basinal prodeltaic equivalent, the Verrill Canyon shales (Wade & 

MacLean, 1990).  Alternating sandstone, and shale successions from progradation and 

retrogradation of deltaic succession in the Early Cretaceous produced reservoir seal pairs. 
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These grade laterally into the shaley basal member of the Logan Canyon Formation, 

defined only on the shelf and transitions to the Shortland Shale at the shelf margin.   

This study focuses on deltaic complex of the Mic Mac and Lower Missisauga 

formations indicated by the red arrow in Figure 2.5 below. The Oxfordian-Tithonian aged 

Mic Mac Formation records the earliest phase of delta progradation into the Sable 

Subbasin.  The formation comprises cyclic interfingering of distributary channels and delta 

front fluvial sands, with prodeltaic and shelf marine shales of the Verrill Canyon Formation 

(Weston et al., 2012; Campbell, 2018;Figure 2.5). The Tithonian-Aptian aged Missisauga 

Formation comprises fluvial to slope siliciclastics interval that forms a seaward-thickening 

then thinning wedge in the Sable Subbasin (Weston et al., 2012). The formation reaches an 

estimated maximum thickness of ~3.5 km below the modern shelf edge (Wade & MacLean, 

1990). In the central parts of the Sable Subbasin, the formation overlies the mudstone and 

carbonate-rich Mic Mac Formation and is overlain by mudstones of the Naskapi Member 

of the Logan Canyon Formation (Figure 2.5). The Missisauga Formation is further divided 

into three members, with the lower member downlapping Jurassic carbonates of the 

Abenaki Formation in the western edge of the Sable Subbasin (MacLean & Wade, 1993). 

 

Figure 2.5: Recent and previous stratigraphic columns of the zones of interest comprising 

the Migrant expansion trend revised by Campbell (2018). The chart focuses mainly on the 

Mic Mac and Lower Missisauga formations. In the revised stratigraphic chart created by 

Campbell (2018) represented in C, the siliciclastics appear to be interfingering with 

carbonates, which are juxtaposed against siliciclastics of the Missisauga Formation by 

faulting. The siliciclastics are thought to be from the Mic Mac Formation. 
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2.3. Petroleum Systems in the Sable Subbasin 
The onset of rifting and the opening of the Atlantic during the Late Triassic-Early 

Jurassic was accompanied by the deposition of salts of the Argo Formation in a dominantly 

arid to the semi-arid environment (Jansa et al., 1975; Wade & MacLean, 1990; Kendell, 

2012; OôConnor et al., 2018). The evolving rift architecture impacted the thickness and 

distribution of these salts, which influenced the overlying strata with the development of 

post-rift structure in Middle Jurassic to Early Cretaceous age sediments (Deptuck, 2011; 

Deptuck et al., 2014; Deptuck & Kendell, 2017). As extension occurred, variable rates of 

sediment loading and salt withdrawal aided the evolution of seaward dipping growth faults 

with associated rollover formation (Cummings & Arnott, 2005; Adam et al., 2006; Deptuck 

et al., 2014).  

Increased sedimentation with corresponding near-horizontal movement along these 

listric faults in contact with the underlying decollement surface (usually a shale or salt) 

results in the juxtaposition of strata of different ages at the fault plane as the hangingwall 

fault block rotates downwards (Oomkens, 1970; Vendeville, 1991; Porňbski & Steel, 

2003). Localized extension occurs on top of the rollover anticline in response to the 

downward bending and results in faulting (synthetic or antithetic) across the crest of the 

structure (i.e. crestal faulting). Crestal faults have been identified in rollover anticlines in 

the Sable Subbasin (e.g. Migrant) and are thought to pose a potential risk to hydrocarbon 

trap integrity in these structures (Richards et al., 2008, 2010). 

2.4. Exploration History of the Scotian Basin (Modified after CNSOPB 2018) 
Since the award of the first license near Sable Island in 1959, a reported total 

discoverable resource estimate of 6.5 TCF /381 MMBOE (Million Barrels of Oil 

Equivalent) (P50) has been reported from drilling 210 wells to date on the Scotian Shelf 

(CNSOPB, 2019). Figure 2.6 shows the gas-in-place estimate for significant discoveries in 

rollover anticlines with those that became commercial fields in the Scotia Basin, offshore 

Nova Scotia. 
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Figure 2.6: A chart showing the significant rollover discoveries (brown) with those that 

became commercial fields (green) in the Scotia Basin, offshore Nova Scotia (SOEP, 1997). 

The net present value (NPV) will vary with reserve size (Rose, 1992). 

 

Figure 2.7 demonstrates most of the wells offshore drilled before 1986 (OETR, 

2011). Since 2005, seven wells comprising one injector well, three gas development wells, 

and three exploration wells have been drilled (CNSOPB, 2018). Two of the exploration 

wells drilled as part of the Shelburne Basin Venture Exploration Drilling Project operated 

by Shell Canada Ltd. (Cheshire L-97 and Monterey Jack E-43) show a plugged and 

abandoned status (CNSOPB, 2018). After the third exploration well (Aspy D-11) drilled 

by BP Canada, and devoid of commercial hydrocarbons (CBC, 2018), no exploratory 

drilling projects offshore Nova Scotia have been done.  
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Figure 2.7: A bar graph of all wells drilled offshore Nova Scotia to date. An underlying 

curve distinguishes the exploration periods and degree of success in the Scotian Basin 

(CNSOPB, 2019). 

Before the year 2000, a 1:5 exploration success rate on the Scotian Margin was 

achieved using relatively poor quality 2D seismic data (Figure 2.8). Following the 

successes with analogous salt plays in the Gulf of Mexico, the first exploration cycle in 

offshore Nova Scotia resulted in three significant discoveries made from 28 wells targeting 

salt plays including Onondaga E-84, Primrose A-41, and on the western end of Sable Island 

at Sable 1H-58 (CNSOPB, 2007). During this exploration cycle, the first hydrocarbon 

discovery in rollover anticlines was made by Mobil (now ExxonMobil) in 1972 when the 

Thebaud P-84 well found gas in the Missisauga and Mic Mac formations. The following 

year, the Mobil team discovered light oil in structures draped subtly over Jurassic age 

Abenaki Formation carbonates when the Cohasset D-42 well tested the new play type 

(CNSOPB, 2007).  Additional significant gas discoveries made in Mic Mac and Missisauga 

formation sediments in rollover anticlines at Citnalta and Intrepid marked the end of an 11-

year exploration cycle that began in 1967 and included the unsuccessful Migrant N-20 well 

drilled in 1977. 

Well Count 
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Figure 2.8: A bar graph of the associated seismic data (2D or 3D) with which the various 

exploration cycles have been based off (CNSOPB, 2019).  Earlier exploration successes 

were based on 2D seismic data. The acquisition of 3D seismic data between 2000 and 2006 

has had little effect on the recent exploration efforts along the margin. 

The second exploration cycle spanned 10 years from 1979 to 1989. The cycle was 

initiated by the major gas discovery in the Venture field rollover anticline targeted by the 

Venture D-23 well operated east of Sable Island by Mobil and Petro-Canada. Currently, 

this remains the most successful exploration cycle with 15 significant discoveries made 

from 54 wells drilled. The third exploration cycle saw shared exploration focus in both the 

shelf and deep-water regions (CNSOPB, 2007). With improved seismic quality associated 

with 3D data, this would contribute to meaningful interpretation of siliciclastic and 

carbonate prospects offshore. However, the acquisition of large 2D and 3D seismic 

volumes during the third exploration cycle has had minimal influence on the success rate 

to date with exploration of rollover anticlines notably the Adamant structure and Cree 

structure resulting to non-commercial gas discoveries. 

To date, 23 significant discovery licenses have been awarded, eight of which were 

declared as commercial discoveries (two oil fields & six gas fields) by the Canada Nova 

Scotia Offshore Petroleum Board CNSOPB (Smith et al., 2014; Figure 2.9). According to 

part II, section 49 of the Canada-Nova Scotia Offshore Petroleum Resource Accord 
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Implementation Act (July 21, 1988), ña significant discovery is defined by the first well on 

a geologic feature that demonstrates the existence of hydrocarbon in the feature by flow 

testing and suggests the existence of an accumulation of hydrocarbons that has potential 

for sustained productionò. Further, the resource act defines a commercial discovery as ña 

significant discovery that has been demonstrated to contain quantities of petroleum that 

justifies the investment of capital and effort to bring into production (Lee, 2009; Smith et 

al., 2014). This study will help to evaluate the risks associated with drilling on the Scotian 

Margin.  

 

Figure 2.9: A map of the offshore sedimentary basin with the fields, closures, wells, and 

pipelines linking various hydrocarbon structures from the Sable Subbasin (Modified by 

OôConnor et al. (2018) after Williams & Keen, 1990; and NSPD, 1999). The extensive 

Abenaki carbonate platform is represented by purple and Sable Island in green.  
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CHAPTER 3 

STRATIGRAPHIC WELL CORRELATION AND SEDIMENTARY 

CORE ANALYSIS OF THE MIGRANT EXPANSION TREND 

3.1. Introduction 
Well correlation of the four project wells in this study comprises new contributions 

in this study. This was accomplished by synthesizing the work done by previous worker 

and integrating them into our current contributions. Using formation tops downloaded from 

the Natural Resources Canadaôs online BASIN database, the various stratigraphic names 

used for the different wells in this study were reconciled in this chapter.  Their stratigraphic 

well tops were imported into PetrelTM for correlation purposes. The newer wells have better 

well logs, and tops that are defined within a consistent chronostartgrpahic scheme that is 

seismically consistent. Marine shales and carbonates are ideal for making key stratigraphic 

correlations due to their easily identifiable well log and seismic characteristics and 

widespread distribution as marine flooding surfaces.  

The integration of Gamma-Ray logs and gamma normalized Vsh logs with Canstrat 

lithology logs was used to improve the well correlation. Where available, the sonic and 

density logs were used in combination with the Gamma-Ray logs in cases where it was 

difficult to distinguish between lithologies and their lateral extent during correlation. Also, 

with the overpressure marking the effective top for the trapping of hydrocarbons in the 

Thebaud Field, the absence of Gamma-Ray log in the Migrant N-20 well between depths 

of 4025 to 4099 m made it difficult to determine the presence of a significant shale unit.  

As a result, the absence of core data at Migrant and the failure of sidewall cores 

from Adamant to capture the transitions between depositional sequences raised the need to 

look for core information from neighboring wells. In this study, rocks from core #1 of the 

Thebaud I-93 well seemed most similar in age to the sediments studied at Migrant. This 

core was described for this study with the sedimentological and geochemical characteristics 

used in matching results from the geochemical analysis of cuttings. The sedimentological, 

stratigraphic, and geochemical results were used to better understand the paleo-

depositional environment key zones (including the DST intervals and missing section of 

the Gamma-Ray log). A consistent stratigraphic template of the newer Thebaud T5 E-74 

and Adamant N-97 wells with the older Thebaud I-93 and Migrant N-20 wells showed the 
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succession of key zones from the proximal to distal positions as well as confirming if there 

is a stratigraphic control on the overpressure between the Migrant and Thebaud structures. 

 

3.2. Data and Methods 

3.2.1. Well Data  
The well datasets used in this research comprising wireline logs, lithology logs, 

deviation and velocity surveys, and pressure data are courtesy of the Canada Nova Scotia 

Offshore Petroleum Board CNSOPB, Natural Resource Canada online BASIN Database, 

Divestco, and Canadian Stratigraphy (CanStrat). The four wells summarised in Table 3.1, 

were used in this study. The data from the wells were used for well correlation, 

petrophysical analysis, and integration with 3D seismic data. Of the four wells, one well 

(Thebaud I-93) was used for core description.  

Table 3.1: Well information of the four wells used in this study. This information was 

extracted from the BASIN database of Natural Resources Canada. 

  

3.2.2. Stratigraphic Analysis and Core Description 
Characterization of stratigraphy was refined by detailed core analysis and the 

depositional facies were linked to well log response to produce depositional facies 

interpretations. In the absence of core at Migrant, the similarities, and differences between 

the Thebaud and Migrant clastic depositional facies through core analysis of the Thebaud 

I-93 core 1 interval were identified at the Canada-Nova Scotia Offshore Petroleum Boardôs 

Geoscience Research Centre (CNSOPB GRC) in Dartmouth, Nova Scotia. The calibration 

of the cores with the petrophysical logs allows for seismic ties. Making comparisons 

against existing core descriptions and interpretations from the deeper overpressured 
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sections allows for a closer look at the stratigraphic implications on a well-by-well basis. 

The Thebaud I-93 core 1 interval was most closely related to the clastic deposition at 

Migrant based on well stratigraphic correlation and 3D seismic facies. Given the deltaic 

depositional system distribution across the Migrant expansion trend, there is likely to be 

variations in facies distribution and depositional energy between sediments deposited in 

the Migrant and the distal Thebaud depocenters ~15 km apart. A list of core data available 

in the four wells in this study are presented in Table 3.2 below. 

Table 3.2: Core data incorporated in this study. Of the four cores, three of the physical 

rock data (Thebaud I-93 and Thebaud E-74 (T5) as well as Adamant N-97 were described 

by the operators. Only the Core #1 was described in this study. 

 

The Thebaud I-93 well was drilled on the Central western block of the Thebaud 

Structure within the Sable MegaMerge (Figure 3.1), reaching a total depth of 5166 m TDSS 

on the flank of the structure. The core #1 described in this work was taken from a 

dominantly mudstone with occasional sandstones and siltstones interval, which dominates 

the 3158 m ï 4768 m depth range at Migrant based on work by (Campbell, 2018). 

Approximately 15.8 m of the core was recovered of the Lower Cretaceous from a depth of 

3081-3097 m in the Thebaud Structure.  Core description of key intervals in the T5 well 

found in the supplementary files at the end of the well report suggests an older age limit 

for the Missisauga Formation Sandstone from the deeper H2 and F3 Sands compared to 

the contiguous sandstone section of the I-93 core (Section 3.4.).  
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Figure 3.1: A plan view of the study area comprising the four project wells and their 

relative spacing from Petrel. 

The full diameter core from the Thebaud I-93 was useful for investigating the 

transition between non-reservoir rocks (shales) to reservoir rocks (sandstone) and back to 

non-reservoir rocks in areas that are stratigraphically similar in age to the Migrant Rollover. 

This cored interval is correlatable to the normally pressured zone of interest in the Migrant 

Structure, which allows for comparing the depositional facies as well as their associated 

energy levels at the time of their deposition. The Thebaud I-93 well comprises five cored 

intervals making up approximately 53 m of core all from the Missisauga Formation. For 

this study, only Core 1 (the wellôs top core) was described (APPENDIX A.1.; Section 

3.3.1.). 

Migrant 

N-20 

Thebaud 

I-93 Adamant N-97 

Thebaud T5 
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3.2.3. Well Stratigraphic Correlation  
The construction of a stratigraphic cross-section of the four project wells was 

completed by correlating stratigraphic tops with easily distinguishable, seismically 

identifiable markers using the PetrelTM stratigraphic well top correlation workflow (Figure 

3.2). Given the observed lithostratigraphic discrepancies between newer wells (e.g. 

Thebaud T5 and Adamant N-97) and older wells (e.g. Migrant N-20), the operators (SOEP) 

adopted the same lithostratigraphic framework for the Thebaud and Adamant structures. 

For consistency, the formation top picks were first correlated before the hydropressured 

sands #2, #4 and #6 were correlated from the newer Thebaud T5 well to the Migrant 

Structure and N-20 well. The Cretaceous C sands in the Adamant well was correlated to 

the key hydro-pressure section in the Thebaud Structure comprising Sands #2, Sand #4 

and, Sand #6 before being correlated to the Migrant N-20 well.  

 

Figure 3.2: The well correlation workflow used for building a stratigraphic cross-section.  

3.2.4. XRF Core Analyses 
A calibrated Thermo Fisher Scientific handheld XRF (X-ray fluorescence) analyzer 

was used to analyze whole-rock samples to map the geochemical concentration in the 

available cores, sidewall cores, and cuttings. While these XRF measurements are useful 

for providing quick, onsite chemical rock analysis data from cuttings, and cores, they can 

be used to identify the mineral composition of a rocks. This technique may be enhanced if 

there are good sample preparation practices (e.g pulverization), which creates better 

consistency of the rock sample than whole rock measurements (including full diameter 

cores, sidewall cores, and cuttings) done in this study. The instrument detects the 

concentration of a range of elements after exciting a rock with X-rays (Ryan et al., 2017). 

Each sample point was analyzed by the device for a total of 180 seconds. Three physical 

rock data analyzed through this method are listed in Table 3.3. 
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Table 3.3: Physical rock data availability in the project area analyzed either for their 

sedimentary features, grain size, or geochemically classified after (Herron, 1988).  

 

3.3. Results 

3.3.1. Core Lithofacies Description 
Five lithofacies were identified in this study from the core description of the Thebaud 

I-93 well. When compared to core photographs from the predominantly siliciclastics 

overpressured F3 and H2 sands described by Welner et al., (2000), physical rock 

characteristics indicate a slightly different depositional influence in the region of the 

Thebaud I-93 core 1 interval. Comparing this to petrophysical well logs at Migrant will 

introduce come uncertainty due to lateral facies variation when core data is used for 

supplementary purposes in the absence of core at Migrant.The considerable spacing 

between the wells with no closely spaced substitute meant that this uncertainty could not 

have been avoided. 
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Table 3.4: Summary of lithofacies examined from core in the Thebaud I-93 well. 

 

We identified five lithofacies in this study from the core description of the Thebaud 

I-93 well. When compared to core photographs from the predominantly siliciclastics 

overpressured F3 and H2 sands described by Welner et al., (2000), physical rock 

characteristics indicate a slightly different depositional influence in the region of the 

Thebaud I-93 core 1 interval. 
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Lithofacies 1: Poorly Sorted Lithic Sandstone 

Description: Lithofacies 1 (Table 3.4) is mainly a grey, coarse medium to lower coarse-

grained sand with poor sorting. It occupies the bottom of the core and is also present in the 

top where it is seen interfacing with lithofacies 2. The section is mainly white, with some 

calcite and changes to grey when sprayed with water, which percolates through the grains 

rapidly (Figure 3.3A). The lithofacies is characterized by the presence rip-up of mud, shale 

and coal fragments with sulphuric smell (at the bottom) of the section. Wetting further 

reveals sedimentary lithic fragments with some oolitic presence in the section found at the 

top of the core (APPENDIX A.1).  

Interpretation:  F1 represents deposits typical of a subtidal to lower intertidal environment 

(Siddiqui et al., 2017). In addition to the poor sorting, the occurrence of shale and mudstone 

(or possible coal fragments) rip-up clasts suggests scouring of channel base/ banks that 

typically runs along the length of an intertidal regime in the estuary (Darlymple et al. 1992).  

Lithofacies 2: Cross Laminated Sandstone 

 Description: Lithofacies 2 (Table 3.4) is comprised of medium to coarse grained 

micaceous sand, showing some burrowing with fossils and mud drapes (Figure 3.3). There 

is low-angle cross lamina with reactivation surface, grading from fine to medium-grained 

sands. Scouring and asymetric ripples, with lamina dipping at ~ 10 degrees are present in 

addition to mud rip-up clasts. In these two intervals of core within box 19 - box 21 and box 

4 and box 5 (APPENDIX A.1). This section of the core is mainly white and changes to 

grey when sprayed with water which percolates through the grains in a short period. 

Interpretation:  F2 represents deposition within a lower intertidal to a subtidal domain 

(Siddiqui et al, 2017). There are low-angle cross lamina and asymetric ripples with 

reactivation surfaces identified in this core which suggests a mild degree of energy likely 

related to changing tidal currents during retreating tide levels towards a slack water regime 

(Reineck & Wunderlich, 1968). The reactivation surface indicates changes in energy level 

(likely increasing) with mild burrows and fossil presence a further indication of intertidal 

influences. 
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Lithofacies 3: Dark Massive Sandstone 

Description: Lithofacies 3 (Table 3.4) is mainly medium to coarse-grained massive sands 

with some dark minerals that give a dark appearance to the sandstone (Figure 3.3C). The 

section interfaces with a reactivation surface that mark the beginning of the next unit where 

some asymetric ripples with lamina dipping at ~ 10 degrees. In the main area of its 

distribution higher up in the cored section, there are no obvious sedimentary features in 

this facies as seen in box 6 (APPENDIX A.1). When sprayed with water, it percolates 

through the grains in a short period and is dispersed through the cored section. A sparse 

section of the facies can be seen at the bottom of the core with some coal fragments.  

Interpretation:  F3 represents deposits of a tidal channel in the intertidal zone (Siddiqui et 

al., 2017). The dark sands we documented in core were likely sourced from a supratidal 

coastal plain/marsh environment with the dark coloration related to the accumulation of 

salt or freshwater peat (Siddiqui et al., 2017). Thus, there is a slight change in 

provenance. The interfacing reactivation surface in our observation is a characteristic 

structure of the subtidal and lower intertidal zone (Van Wagoner et al., 1990). Here, the 

currents are slightly higher with a slightly higher sediment supply (Webb et al., 2015).  

Lithofacies 4: Mudstone/Shale 

Description: Lithofacies 4 (Table 3.4) is comprised of featureless gray to dark mudstone 

with some mottling. The facies comprised planar horizontal laminations (Figure 3.3D). 

Mild siderite nodule (~1 cm) components can be seen in this facies. It makes up for lesser 

amounts of the core found in box 7 and box 10. A small section of this facies exists in box 

2 (APPENDIX A.1). The facies changes to limey grey when sprayed with water. The water 

percolates through the grains slowly with some ponding observed on some core cutouts.  

Interpretation:  F4 represents intertidal mudflat deposits (upper to the middle intertidal 

regime). The mudstone section we see in this core was deposited after the flocculation and 

settling of lagoon mud/clays suspended in flood water through distributary channels and 

resulting in laterally extensive laminations distributed across the mudflat. This is aided by 

the low surface gradients of the tidal flat (Webb et al., 2015). Thus, allowing for less rapid 

drainage of a fluvial inflow. The nodular presence we observe in core is related to poorly 
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drained, low energy, the non-marine influence of dissolved iron that precipitated into 

siderite likely derived from fluvial input (Cecil, 2003; Cecil, 2013).  

Lithofacies 5: Lenticular-Bedded Sandstone and Bioturbated Mudstone 

Description: Lithofacies 5 (Table 3.4) is comprised of grey to dark shaly and white fine to 

medium-grained sandstone mixture. The section is of heavy to mild bioturbation in the 

mudstone with some burrowing and occasional fossils in the sand patches with siderite 

nodules (Figure 3.3E). In zones of abundant sands, lenses/lenticular beds are common with 

mild current ripples. There is increased bioturbation as it grades towards abundant mud. 

Also, fossils and burrowing (both vertical and round/horizontal) are observed in the section 

with 1-6% bioturbation. In total, the facies make up about 50% of the core occupying 

mainly the middle sections) box 8 and box 9 as well as mainly box 11 - box 18 (APPENDIX 

A.1). The section is mainly white in color and changes to limey grey when sprayed with 

water, which percolates through the grains slowly with some ponding observed on some 

core cutouts.  

Interpretation:  F5 represents deposits of a subtidal environment. (Siddiqui et al., 2017). 

The sandstone and mudstone mixture with lenticular bedding observed in this core 

description suggests a change in depositional energy. According to work by Reineck and 

Wunderlich (1968), current ripples may occur in a mud-rich environment that 

experienced alternating periods of tidal current and tidal slack water. Diagnostic of 

subtidal conditions, bioturbation in this core is likely from Planolites and Teichichnus 

ichno fossils suggesting a brackish water environment. The nodular presence indicates 

low energy, non-marine influence where dissolved iron precipitated into siderite (Cecil, 

2003; Cecil, 2013).  
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Figure 3.3: A figure of the log facies described in the Thebaud I-93 well.  
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3.3.2. XRF Analyses Results 
Figure 3.4 and  Figure 3.5 show the results of geochemical concentration of major 

elements compared on a sandclass plot after Herron (1988). The sidewall cores from the 

Adamant N-97 well appear to be spread-out represented by the red diamonds (Figure 3.5). 

The data is present in all fields on the sandclass plot except Arkose (Figure 3.5). The 

ferruginous fields (upper section of the plot including Fe-Shale and Fe-Sand) contained 

fewer points than the non-ferruginous section (lower section containing Shale, Wacke, 

Litharenite, Arkose, Sublitharenite, Subarkose). Most of the points plot within the 

Sublitharenite field, which contains the average plot value (Figure 3.5). The Fe-Shale facies 

occur in the silica poor, an iron-rich area of the sandclass plot (Figure 3.5). Data points in 

this field are present in all the analyzed intervals except the Thebaud I-93 top core #1 and 

the Thebaud E-74 (T5) H2 Sand cored interval (Figure 3.4). In the Adamant N-97 well one 

of the 44 data points plot in this field (Figure 3.5). The Thebaud E-74 (T5) F3 Sand cored 

interval shows that five of the 85 points plot in this field (Figure 3.4). 
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Figure 3.4: Histogram of data distributed on a sandclass plot for the respective fields in 

the analyzed wells and intervals of interest including the Mic Mac and Missisauga 

formation reservoirs. The vertical axis represents the occurrence with the horizontal axis 

representing lithological facies. The Adamant N-97 well shows increased amounts of 

sublitharenite and Fe-Sand composition. The Thebaud I-93 Top Core #1 shows a higher 

concentration of Wacke, Sublitharenite, and Litharenite compositions. The Thebaud E-74 

T5 F3 core shows an increase in Wacke and Shale content with some Litharenite, 

Sublitharenite, and Fe Sand and Shale. The H2 interval shows an increase in the amount 

of Subarkose with some Sublitharenite.  

 

Occurence
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Figure 3.5: A series of sandstone classification plots of samples from the cores for the 

project wells. Each plot takes into comparison the concentration of the logSiO2/Al2O3 on 

the x-axis against that of logFe2O3/Al2O3 on the y-axis. 

Most of the values in the sand class plot for Thebaud I-93 top core #1 occur in the 

Wacke field (Figure 3.5). In this well, three fields without any data points include the 

ferruginous Fe-Shale, non-ferruginous Arkose, and Quartzarenite (Figure 3.4 & Figure 
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3.5). The plot average value for this plot is contained in the Litharenite field (Figure 3.5). 

The data points for the Thebaud E-74 (T5) core from the F3 sand interval shows some 

clustering in the shale and Wacke fields (Figure 3.5). The data points plot in all fields 

except the Arkose, Subarkose, and Quartzarenite (Figure 3.4 & Figure 3.5). The average 

value plots in the Wacke field (Figure 3.5).  In the H2 core interval of the same well, the 

data points are spread out in all fields except the Fe-Shale and Shale fields (Figure 3.4 & 

Figure 3.5). Most of the data points plot in the Subarkose field with the average plotted in 

the Sublitharenite field (Figure 3.5).  

The Arkose facies occupies the intermediate silica, low iron field on the sandclass 

plot and is not as common in our classification of the various wells and intervals (Figure 

3.4). This facies is present only in the Thebaud E-74 (T5) well where only three data points 

plot on the sandclass plot (Figure 3.4 & Figure 3.5). The Subarkose facies occurs in all the 

analyzed intervals except the Thebaud E-74 (T5) F3 Sand cored interval (Figure 3.4 & 

Figure 3.5). This facies occupies high silica, low iron portion of the sandclass plot between 

the Arkose and Quartzarenite fields (Figure 3.5). Four of the 44 data points in the Adamant 

N-97 well as well as four of the 48 data points in the Thebaud I-93 well plot in this facies 

(Figure 3.4). In the Thebaud E-74 (T5) well, 24 of the 58 data points in the H2 Sand core 

plot in this facies (Figure 3.4). Occupying the silica and iron-rich area of the plot, the Fe-

Sand facies are present in all the analyzed intervals (Figure 3.5). In the Adamant N-97 

sandclass plot, seven of the 44 data points plot in this field (Figure 3.4 & Figure 3.5). The 

Thebaud I-93 top core sees three of the 48 data points plot in this field (Figure 3.4). The 

sandclass plot for the Thebaud E-74 (T5) well shows that eight of the 85 data points in the 

F3 Sand interval plot in this field with nine of the 58 data points for the H2 Sand interval 

plotting in this field (Figure 3.5).  

Litharenites facies are one of the more pronounced of the nine classification fields 

occurring in all analyzed intervals (Figure 3.5). Occupying the area above the Arkose field 

but just under the ferruginous demarcation, this facies is most common in the Thebaud E-

74 (T5) F3 Sand cored interval where 16 of the 85 points plot in this facies. This is followed 

by the Thebaud I-93 top core #1, which has 11 of the 85 points in this facies (Figure 3.4). 

The Adamant N-97 sidewall cores had four of the 44 points in this facies with the Thebaud 

E-74 (T5) H2 Sand cored interval having the least number of points in this field with four 
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out of its 58 data points (Figure 3.4 & Figure 3.5). The Sublitharenite facies occupies an 

area in the high silica, intermediate (just below the demarcation of the ferruginous and non-

ferruginous fields) and just above the Subarkose field (Figure 3.5). It is the most dominant 

facies present in all the analyzed plots. Both the Adamant N-97 and Thebaud I-93 well 

showed the highest concentrations both with 14 out of 44 and 48 data points respectively 

(Figure 3.4). The Thebaud E-74 (T5) H2 Sand core had 12 of its 58 datapoints plot in this 

field of the sandclass plot (Figure 3.5). The F3 Sand cored interval had seven of its 85 

datapoint plot in this facies (Figure 3.4).  

Quartzarenite facies occupies the highest silica and iron extreme of the sandclass plot 

(Figure 3.5). This facies occurs only in the Adamant N-97 sidewall core and the Thebaud 

E-74 (T5) H2 Sand cored interval (Figure 3.5). In the N-97 well, six of the 44 data points 

plot in this facies (Figure 3.4). The E-74 well has three of its 58 data points plot in this 

facies (Figure 3.4). Shale facies occur in the low silica, low iron end of the sandclass plot 

(Figure 3.5). In the Adamant N-97 well, six of the 44 data points plot in the shale facies 

with the Thebaud E-74 (T5) H2 Sand cored interval having the highest occurrence with 20 

of the 58 datapoints plotting in this facies (Figure 3.5). This allows for the mapping of 

geochemical elements in the various lithofacies to discern the variability in elements 

related to the lithofacies and depositional environment. 

 The Thebaud I-93 has the least number of data points in this facies with only one 

of the 48 datapoints plotting in this field (Figure 3.4 & Figure 3.5). Wacke is present in all 

the analyzed intervals (Figure 3.5). Occupying an area between the non-ferruginous Shale 

and Arkose/Litharenite fields, the Thebaud E-74 (T5) F3 Sand cored interval appeared to 

show the highest proportions of this facies with 29 of the 85 data points plotting in this 

field (Figure 3.4 & Figure 3.5). In the Thebaud I-93 top core #1, 15 of the 48 points plot in 

this field with the Thebaud E-74 (T5) F3 Sand cored interval and Adamant N-97 sidewall 

cores showing lower proportions of points in this facies with three of the 85 and two of the 

44 data points respectively for both wells (Figure 3.4 & Figure 3.5). While the results from 

analyzing geochemical data (from cuttings or core) integrated into this study was aimed at 

increasing the confidence of depositional environment interpretation, matching the 

elemental variability of the XRF result to textural and composition properties associated 

with various depositional environment may present some limitations. 
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3.3.3. Well Stratigraphy 
A well correlation panel was created to delineate the Mic Mac to Missisauga 

formation reservoirs in the Migrant expansion trend as well as the top of overpressure in 

the project wells (Figure 3.6).  Differences between the lithostratigraphic framework used 

by the GSC and the operator (SOEP) in the online BASIN Database were accounted for 

during a preliminary correlation exercise of three of the four project wells (Figure 3.7). 

This was done to enable further correlation towards the Migrant N-20 well. 

 

Figure 3.6: A cross-section of the key wells used in this project. Given the high net to gross 

nature of the system, log-based correlations across the four wells proved challenging. The 

absence of a Canstrat lithology log for T5 meant that the Gamma-Ray derived shale volume 

log was relied on for correlation purposes with the rightward kicks commonly shale zones. 

The Wyandott Marker was flattened as the datum before the subsequent markers were 

flattened on to aid the correlation of the following marker. The current display is based on 

true vertical subsea depth (TVDss). To demonstrate the sequence stratigraphic 

relationship the horizontal distances have not been displayed to scale.  
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Figure 3.7: A well composite for three of the four project wells. For consistency, a 

combination of Gamma-Ray derived shale volume log (first track) and combined sonic and 

density logs (second track) were used for correlating key reservoir tops from the older and 

newer Thebaud wells through to Adamant. The Wyandott Marker was flattened as the 

datum before the subsequent markers were flattened on to aid the correlation of the 

following marker. Given the impact of MD in skewing the apparent thickness relationships 

for a deviated well, the current display is based true vertical subsea depth (TVDSS). 

Considering the new stratigraphic scheme adopted in wells drilled after the time of the 

Thebaud I-93 and Migrant N-20 wells, there was a need to reconcile the noticeable 

differences in the naming convention in both old and new wells. This involved adjusting 

the various naming systems established by various workers through the correlation panel 

in this project to create a consistent framework. This was integrated into   Despite the age 

difference between the two Thebaud wells, the nomenclature used in the normally 

pressured section was similar for both wells. The reservoirs in this section of the well were 

named using a numeric naming convention going from 1 to 7, which changes to an alpha-

numeric nomenclature deep in the structure below the Thebaud Shale.  

3.4. Discussions from Sedimentary Core Obserations  

3.4.1. Depositional Relationship - F3 and H2 Sand Intervals 
Sedimentary core analysis in this study involved three cored intervals from the 

Missisauga Formation in two wells Thebaud I-93 and Thebaud E-74 (T5). Two cored 
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intervals from the Thebaud E-74 (T5) well were mainly studied based on work by previous 

workers (e.g. Welner et al., 2000). A review of the top core (the F3 sand interval) from the 

Thebaud E-74 well gives a Gamma-Ray log motif with an overall cleaning upward 

signature (Figure 3.8). Also, syndepositional slumping/ micro faulting observed in the F3 

cored interval as well as the presence of bioturbation (burrows) and ripples, suggests a 

sporadic change in depositional influence as observed from the grain size variation, which 

ranges from coarse to very fine grained. These characteristics are consistent with deltaic 

depositional environment (Bhattacharya & Willis, 2001). The bioturbation comprises 

horizontal burrows that are 1- 5 mm long likely Planolites.  

 
Figure 3.8: A figure of the F3 Sand interval in the Thebaud Structure showing the Gamma-

Ray log (second track) with cleaning up signature right of the depth track. The absence of 

gas in the sand is indicated by the absence of cross over of Neutron and Density logs in the 

third track with the separation between both logs is an indication of shaliness (high 

shaliness). The increased shale volume (grey) and decreased porosity (yellow) 

combinations on the fourth track support variable sand content in the interval  
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The bottom of the H2 core, is characterised by laminated sands thought to indicate 

unidirectional high energy deposits. There is a change in character indicating more sign of 

biological activity. This may indicate a resumption of fair-weather wave base conditions 

allowing for the biological activities observed from the bioturbation. Also, evidence of 

wave agitation supported by the deposition of thick fine-grained, hummocky cross 

stratified sand packages followed by tidal influence on top of this section suggests a return 

to tidal conditions known to interface with periods of fluvial dominance close to shore 

(Siddiqui et al., 2017). Upwards in the H2 cored interval the deposits share similar 

characteristics with middle shoreface deposits and suggests a transition from offshore 

facies to middle shoreface facies. Facies further up give hint of an estuary mouth followed 

by characteristics in the top that indicate barrier bar environment in front of the estuary or 

to some degree right up to where there is wave action. Alternatively, this could possibly be 

a channel with a stark change in reservoir characteristics that appear to be well sorted and 

much cleaner.  

Based on the similar grain size (not observable in log data) amongst the reservoir 

at the top F3 (Figure 3.8) and bottom test H2 inervals (Figure 3.9), it is likely that the 

sediments were derived from the same source location. This is supported by geochemical 

data results in Section 3.3.2. However, their porosity/permeability relationship in a cross 

plot (Section 4.4.2) suggests some variation, which may be linked to their deposition. 

Judging by the overall, Gamma-Ray log response and physical characteristics of the cored 

interval combined with the indicated shale distribution, this suggests a transition 

interpreted as a retrogradational event likely from estuarine to shoreface environment 

(Angela et al., 2003). Besides, regular occurrence of clay and fine parallel laminated sand 

throughout the core with re-established shaliness of top the core is typical of storm deposits 

with associated hummocky cross-stratification interpreted by Welner et al., (2000). 
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Figure 3.9: A figure of the H2 Sand interval in the Thebaud Structure showing the Gamma-

Ray log (second track) with a blocky log signature right of the depth track. The presence 

of gas in the sand is indicated by the cross over of Neutron and Density logs (colored in 

red) in the third track. Separation between both logs is an indication of shaliness (low 

shaliness). The reduced shale volume (grey) and increased porosity (yellow) combinations 

on the fourth track support the rich sand content in the interval. 

3.4.2. Depositional Relationhip- I-93 Core #1 Interval  
The top core (Core #1) from the Thebaud I-93 well was the only one described in 

this study given its direct relevance to the normally pressured interval studied in the 

Migrant Structure. The core description (Figure 3.10) compared favourably against the 

Gamma-Ray log signatures in the core analysis report. The presence of a solid shale 

interval in the core section resembles a lagoon or distal offshore shale from its dark 

featureless character. The parallel lamination of the shales suggests a straight core to TVD 

cut out with a lack of deviation (Section 3.3.1.). Going by observations, the core was 

deposited in a likely marginal marine environment based on the combination of bioturbated 

shaly and sandy units. Also, observed reactivation surfaces with rip-up clasts, siderite mud, 

and down-going burrows perhaps from Teichichnus are like features observed in a typical 

channel base environment with some channel sands and clay intermix.  
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While worm trace fossils in muds tend to be characteristic of a low energy 

environment, the frequency of their occurrence in this log is typical of sedimentation 

pattern found in a drainage area where avulsion is common (e.g tidal flat). Alternatively, 

supported by log signatures, this may hint at a pulse of deltaic sedimentation with a slowly 

transgressing sequence above it. While work by Kidston et al. (2005) referred to the target 

of the I-93 well as back reef, located slightly away from the margin, this supports the 

mudstone composition. However, the shale interval represents a sequence boundary, which 

may be associated with the top of an interfluve deposit above a middle shoreface or 

estuarine succession where there are minimal storm events (Angela et al., 2003). The 

siderite nodules in the core suggest a combination of fluvial influence with some tidal 

contributions.  
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Figure 3.10: Sedimentological characteristics of the I-93 cored section from the Lower 

Missisauga Formation showing the facies and their sedimentary characters. 
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3.4.3. Depositional Facies at Migrant 
The data acquired from the rocks discussed in the previous section (Section 3.4.2) 

plots in the sublitharenite field, which may suggest that the sands are texturally and 

compositionally immature based on the characteristics of this field by Folk (1968). Based 

on the results from section 3.3.2, a progressively decreasing quartz content in the sand class 

plot from the Thebaud to Adamant and the Migrant structure suggests that the sands in the 

Migrant area had moderate textural and compositional maturity. Thus, the sands were 

subjected to a short travel distance with a mild degree of reworking. Comparative 

observation in Figure 3.11 supports the conclusion on the Mic Mac Formation sands (inset) 

encountered in the zone of interest in the Migrant Structure (below 4,100). 

 
Figure 3.11: A figure showing the basinward progradation of deltaic sediments modified 

from (Scruton, 1960). The figure shows a cleaning upward pseudo log on the left of the 

diagram that transitions from non-marine siliciclastic topset deposits to offshore marine 

shales. This cleaning up signature is characteristic of the Gamma Ray log pattern of the 

lower section. Based on the overall cleaning up trend in the section of the well where the 

DST test intervals occur in the Mic Mac Formation Section 3.4.4 (Figure 3.17), which hints 

suggests a delta front environment (indicated by the red box), the black vertical bar 

represents the hypothetical position of the Migrant N-20 well in this environment.  

Plotting in the higher end of the litharenite field (Section 3.3.2), the average from 

the Thebaud I-93 shares a close relationship to the Migrant N-20 well. Their corresponding 

fields on the Folk classification plot suggests that the composition and texture of these 

sands hints at their deposition within a supralittoral to littoral regime comprising a mixture 

of sand and clay clasts. These characteristics are typical of fluvial, beach, and sometimes 

Inner Shelf 
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marshy environments. Hence, this confirms the deposition of the interval of interest in the 

Migrant N-20 well in a proximal shelf location. In comparison, the good sorting from core 

observation that characterizes the F3 sands in the Thebaud T5 well is typical of deposition 

below wave base conditions with occasional storm events.  

Similar to the F3 sand, the H2 core facies is typical of a wave-dominated shoreface 

assemblage (likely upper shoreface) with some degree of incised valley fill assemblage. 

The mixture of sand and mud in the analyzed I-93 core section described in this study is 

characteristic of estuarine influence (Siddiqui et al., 2017). This may impact the estimation 

of net reservoir thickness depending on the presence/absence of conductive minerals or 

kaolinites (Kaldi, 2019). However, in the absence of full diameter cores at Migrant, the 

cleaning up signature from Gamma-Ray log from well FTD to 4225 mRT suggests that the 

tested zones were likely deposited in an inner shelf environment known to be dominated 

by rivers (Siddiqui et al., 2017). Generally, the environment of deposition (EOD) from 

Migrant to Thebaud is a combination of fluvio-deltaic to shallow water marine wave, and 

tide (estuarine) influence.  

Overall, the results from geochemical analysis of rock samples (cuttings or core) 

integrated into this study may be useful for increasing the confidence of depositional 

environment interpretation. However, matching the elemental variability of the XRF result 

to textural and composition properties associated with various depositional environment 

may present some limitations on integrating the XRF results. Given that rock chemistry is 

not a property of texture, this may introduce some uncertainties when plotting the sandclass 

facies averages on the various ternary diagrams (APPENDIX A.2.1.) after Folk (1960), 

Dickinson (1985) and Ingersol & Suczek (1979). Also, key elemental readings acquired 

from XRF data converted to their corresponding oxides by multiplying the data by the 

appropriate conversion constant (APPENDIX A.2.1.) was used to map geochemical 

content in the physical rock data in this study, which may be matched to well logs (Ruppel 

et al, 2017). However, the inability of the portable XRF device to pick up Sodium (Na) 

concentrations from rocks due to its low detection limit may present further limitations to 

integrating the XRF results in our interpretation.  
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3.4.4. Reservoir Stratigraphic Framework  
In the project wells, the naming convention of formation tops used by the regulators 

(CNSOPB) varied between a regional naming framework initially adopted for the earlier 

wells (e.g. Migrant N-20, Thebaud I-93) and a sequence stratigraphic naming convention 

used in the newer wells in this study (e.g. Adamant N-97, Thebaud E-74 (T5)). The 

regulators (CNSOPB) have commented that older Jurassic and Cretaceous naming 

conventions applied in the Venture field to the Northeast were used for the Thebaud 

development wells. As a result, the naming convention used in the overpressured reservoirs 

at Thebaud comprising the A-H naming system formulated during the development of the 

Thebaud field differed from the numerical naming style that was adopted when the older 

Thebaud I-93 well was drilled. This study integrates the different naming styles at Thebaud 

with increasing depth in the hydro-pressure and overpressured regimes from 1- 7 and A to 

H respectively used for field development (Figure 3.12 & Figure 3.13)  with the Cretaceous 

stratigraphic naming convention (C) used at Adamant. 
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Figure 3.12: A figure of the Thebaud T5 well composite showing the alphabetic-numeric 

nomenclature used in the deeper overpressure interval below the Thebaud Shale. Sd = 

Sand. 
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Figure 3.13: A figure of the Thebaud I-93 well composite showing the numeric-alphabetic 

nomenclature used in the shallow, hydro-pressure interval above the Thebaud Shale. Sd = 

Sand. 
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In the Adamant N-97 well, a different naming style was adopted by the previous 

workers (Figure 3.14, Figure 3.15 & Figure 3.16). Drilled two years after Thebaud E-74 

(T5) well, the stratigraphic nomenclature adopted in the Adamant well showed an 

organized systematic naming convention. This style was adopted to match the age of the 

sands as indicated by their Cretaceous (C) nomenclature. During the regional study done 

by the operators (SOEP) in the early 2000s, the Cretaceous (C) nomenclature comprising 

the C1-C6 established after the ExxonMobil merger was assigned to the clastic reservoirs 

at Adamant. This naming style was a continuation of the stratigraphic convention adopted 

for the Jurassic where the (J) nomenclature was adopted. Based on this naming style, the 

J210 marker that preceded the C1 (deepest Cretaceous horizon at Adamant) was the last of 

the Jurassic markers.  

The sequence stratigraphic naming convention used in Adamant N-97 comprised 

sand names C1ï C6 used for the non-overpressured, Cretaceous aged sands with C1 being 

the oldest sand in the sequence. Interestingly, C1 marks the beginning of cleaning up sand 

sequence, from which Gamma-Ray log characteristics are different from the mainly blocky 

log signature of the underlying sequence that started from the J210 marker. Hence, the C1 

marker is a significant stratigraphic marker (sequence boundary) that shows the transition 

from a dominantly regressive to a lowstand system. This character may be associated with 

a switch from a dominantly lower shoreface to an upper shoreface (fluvial, beach/estuary) 

type environment. Furthermore, intervals of hydrocarbon presence have been identified in 

logs just below the C1 marker and midway between the C1 and overlying C1A marker, 

which suggests some degree of trapping likely from the presence of a competent seal as 

seen in the Vsh log (Figure 3.14). 

 In the next sequence comprising the C5 to C1A sands, a combination of blocky 

and small order cleaning up log signatures, which suggests a transition from a lowstand to 

a transgressive/retrogradational system (Van Wagoner, 1991). The stratigraphic 

characteristics from logs between the C1 to C1A sequence show a different log signature 

from the overlying sand sequence between the C6 to C5 sequence. The C6 to C5 sequence 

is characterized by numerous blocky Gamma-Ray signatures separated by progressively 

small scale, cleaning upwards (highstand) systems.   
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Figure 3.14: A figure of the Adamant N-97 well composite showing the Cretaceous 

nomenclature used for identifying the sands in the well. It shows the lowermost of the 

Cretaceous sands overlying the top of the Jurassic section marked by the J210 marker.  
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Figure 3.15: A figure of the Adamant N-97 well composite showing the next Cretaceous 

sand sequence (C5 to C1A) overlying the top of the Cretaceous C1A to C1 sand interval.  
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Figure 3.16: A figure of the Adamant N-97 well composite showing the next Cretaceous 

sand sequence overlying the top of the Cretaceous C6 to C5 sand interval. 

In this study, the log characteristics in the Migrant N-20 well show a cleaning 

uptrend from the bottom of the well. Similar to the C6 to C5 sequence in the Adamant N-

97 well the basal section is characterized by numerous blocky signatures separated by thin 

shale units (Figure 3.17). Building upon reservoir nomenclature from the Adamant and 
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Thebaud wells, the MK naming from seismic interpretation in this study was transferred 

over to the Migrant N-20 well. This contribution forms a basis of comparing the succession 

of key zones at Migrant and establishing a consistent reservoir stratigraphic template 

between the newer and older wells in Section 3.4.5.  

 
Figure 3.17: A figure of the Migrant N-20 well showing the tested zones below the well. 

The log pattern shows a generally cleaning uptrend around the base. 
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3.4.5. Well Correlation  
Correlation of the reservoir tops and top of overpressure between the Thebaud, 

Adamant and Migrant structures reveal the overall stratigraphic character in each of the 

fault blocks (Chapter 3). Out of the seven hydro-pressured reservoirs, Sand 6 and Sand 5 

(including 5a and b) belong to the Lower-Middle Missisauga Formation in the 

Thebaud fault block. In this study, a correlation of the normally pressured reservoirs 2, 4, 

and 6 to Migrant, first through Adamant where sand 2 and sand 4 are seen to overlie the 

uppermost Cretaceous sand marker (C6 ï C5) while sand 6 is overlain by the marker 

(Figure 3.18). 

 

Figure 3.18: A well composite for three of the four project wells. For consistency, key 

reservoirs from the newer Thebaud wells were correlated through Adamant. The current 

display is based on measured depth (TVDSS). The Wyandott Marker was flattened as the 

datum before the subsequent markers were flattened on to aid the correlation of the 

following marker. In the figure, WY = Wyandot Formation, DC= Dawson Canyon 

Formation, LC=Logan Canyon Formation, NASK=Naskapi Shale, MISS=Missisauga 

Formation, Sd2=Sand 2, Sd4=Sand 4, Sd 6=Sand 6, C5-C1 Sd = Cretaceous Sand 5 to 

Sand 1A, C1A-C1 Sd= Cretaceous Sand 1A to Sand 1, OP=Overpressure, MICM=Mic 

Mac Formation. 
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From Migrant, the well correlation suggests that the deposition above the top of 

overpressure changes gently basinward within the overall stratigraphic sequence (Figure 

3.19). Also, the absence of any equivalents to the top two overpressured Thebaud A and B 

sands supports the limited stratigraphic control in the area. In the Thebaud Structure, the 

top of overpressure occurs at a depth of 3800 TVD mSS in the Thebaud I-93 well marked 

by the Missisauga Formation Shale, which corresponds to the Thebaud Shale around a 

similar depth in the Thebaud E-74 (T5) well. Therefore, while the Thebaud Shale marks 

the onset of overpressure in the Thebaud rollover, and partly at Adamant N-97 well, it will 

be speculative to assume that an equivalent exists at Migrant that may have been missed 

by previous workers. 
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Figure 3.19: A figure showing the stratigraphic relationship between the Migrant, Adamant, and the Thebaud Field sands. Some of the 

names were adopted by Mobil Oil Canada up to the time of drilling of the development wells, which saw the switch to legacy Mobil 

sand names A-I used in the Thebaud T5 well. This nomenclature was also used in wells such as Olympia and West Olympia, all on-trend 

with the Venture Field. However, fields like South Venture show a return to sequence stratigraphic names used for the Cretaceous 

lowstand sands. Unlike South Venture, reservoirs at Thebaud were identified according to the legacy framework in which some of the 

legacy names have been split, based on cleaning uptrend, or their highstand/lowstand relationship.  
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CHAPTER 4 

PETROPHYSICAL WELL LOG AND PRESSURE ANALYSIS OF THE 

MIGRANT EXPANSION TREND 

4.1. Introduction 
This chapter introduces the workflow, datasets (mainly wells), and methods used to 

analyze well data in this project. Files for the key project wells available through the Data 

Management Centre of the Canada-Nova Scotia Offshore Petroleum Board CNSOPB were 

reviewed for suitable routine core analysis datasets.  

Preliminary observations at Migrant from Gamma-Ray log show a very high net to 

gross section with very low Gamma-Ray responses, representing either sandstone or 

limestones. Detailed petrophysical analyses done on the Migrant N-20 well in key reservoir 

intervals are compared with DST results discussed further in this chapter. Well log analysis 

of the zone that yielded 10 million standard cubic feet a day (mmscf/d) indicates a similar 

porosity and water saturation to those in the two overlying tested intervals that encountered 

no flow. As a result, understanding the difference in reservoir characteristics between the 

three intervals is key. While the influence of an additional factor is likely, investigating 

differences in matrix porosity and permeability constitutes a principal focus of this chapter. 

From the investigation, an additional possible influence on permeability such as fracture 

permeability will be revealed by the calculated zone permeability thickness number from 

selected cut-offs. In doing this, the calculated permeability can be checked against results 

from flow testing. 

Besides, pressure data from the four wells [(N-20, N-97, I-93, E-74 (T5)] were used 

in this study to guide the reservoir correlation as well as determining the connectivity of 

reservoirs across faults. This was done by plotting the pressure data against an elevation 

depth in TVDss (True Vertical subsea depth). A hydrostatic trend line was added to the 

data points to provide information on the fluids contained in a reservoir since different 

reservoir fluids are characterized by different gradient values. While the point of 

intersection between the different gradients marks the contacts of the fluids contained in a 

reservoir (Figure 4.1), pressure plots in this study was used to investigate the discontinuities 

in reservoir pressure resulting from a combination of the overburden sediment and the 

fluids contained in their pore spaces. This provides insight into similarities and differences 
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in stratigraphy between the newer Thebaud T5 E-74 and Adamant N-97 wells and the older 

Thebaud I-93 and Migrant N-20 wells. The use of these gradients will  be used to 

demonstrate the succession of key zones (particularly the top of overpressure) from the 

distal to proximal shelf based on their associated pressure changes with depth as well as 

investigating if there is a stratigraphic control on the overpressure from the Migrant to 

Thebaud. 

 

Figure 4.1: A pressure elevation plot (Modified from Schlumberger, 2020).  

Based on the plot above (Figure 4.1), data that plot on or near the hydrostatic 

pressure gradient that increases at a rate of 0.433 psi/ft from sea level are indicative of 

connectivity referred to as ñhydro pressuredò reservoirs. Alternatively, pressures in 

reservoirs that plot at a lower pressure than a hydrostatic pressure line are said to be ñunder 

pressuredò. While abnormally high pressures are ñoverpressuredò and may signify 

differential sediment compaction, in some circumstances they are also indicators of a 

hydrocarbon charged system. The plot may be used to estimate fluid densities, determine 

fluid contacts, and identify fluid types in a reservoir. Graphically, water gives the highest 

gradient ~ 10.1 kPa/m (0.44 psi/ft) followed by intermediate gradient of oil ~ 7.46 kPa/m 
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(0.33 psi/ft). For gases, the pressure does not decrease per unit change in depth as quickly. 

Hence, the gas gradient in a gas-charged reservoir is characterized by a gradient of ~ 2.26 

kPa/m (0.1 psi/ft). While specific values of gradients are noted above, formation water 

gradients will vary according to the salt concentration in them, while oil, condensate, and 

gas gradients will vary accordingly to the concentrations of lighter and heavier 

hydrocarbon components. The intersection of trends such as water and gas gradients from 

formation pressure test values indicates the gas/free water contact. Under overburden 

conditions, a lithostatic gradient can be estimated by multiplying the hydrostatic gradient 

by 2.2-2.3, accounting for the overlying weight of the rock and fluid mass. 

4.2. Data and Methods 

4.2.1. Standardized Petrophysical Analysis Workflow  
In this study, the petrophysical analysis was completed in a series of steps (Figure 

4.2). Quality checks (QC) on digital wireline log curves used in this project. Renaming, re-

splicing, and digitizing of wireline logs (in the absence of key curves) was possible through 

the assistance of Mr. Neil Watson of Atlantic Petrophysics Limited. We used screened, 

verified, and optimized raw curves of the project wells, and calibrated calculated reservoir 

parameters with core data beginning the analysis with shale volume (Vsh) calculation 

(APPENDIX B.2.1.). We used index values to numerically distinguish the sand and shale 

beds by comparing the Gamma-Ray log value at each depth to those of clean sand and 

shale endpoints selected for the various zones. The workflow was completed with a 

permeability (permeability index) computation. 

 

Figure 4.2: A flow chart of the analysis steps for the petrophysical deliverable for this 

project. 

4.2.2. Pressure Analyses Workflow 
For this study, the pressure analysis workflow (Figure 4.3) began with downloading 

the default pressure dataset for each well from the online BASIN database. The data were 

merged into an Excel spreadsheet containing repeat formation test RFT, MDT, and DST 

formation pressures. 
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Figure 4.3: Pressure workflow used in this project modified after Skinner (2016). This was 

further integrated with the geocellular modelling workflow. 

After loading the pressure data in Excel, the data points were filtered by removing 

the ones interpreted to be invalid. The invalid data points were identified based on the 

operators reported flow instabilities including dry test results due to slow build or 

supercharging. Such conclusions were reached by examination of DST pressure buildup 

charts and MDT advisory reports. In a few cases, this interpretation could be reached only 

after a ñnormalò trend could be established in the data, and the actual pressure data buildup 

for suspect points examined in detail. The valid RFT reservoir pressures in the Migrant N-

20 well, and reservoir MDT pressures in the Adamant N-97 well, and two additional wells 

that penetrate the Thebaud field were exported from Excel as .csv files and imported as a 

well point data set into TechlogÊ. These data points were then plotted on the x-axis against 

depth on the y-axis. The correct pressure-elevation reading in kPa/m was obtained by 

changing the regression format in TechlogÊ to pressure as a function of depth.  

4.3. Results 

4.3.1. Petrophysical Analyses Results 
Formation tops or bit size interval provided through BASIN database and final well 

reports respectively are a good way of dividing the well data into sections, which allows 

for more focus into the intervals of interest. Additional information used for selecting 

reservoir intervals was provided by the caliper log laid in the same track as the Gamma-

Ray log (first track, Figure 4.4 below). The filter-cake buildup in yellow is an indication 

of a permeable zone and the grey areas may hint at areas of washout from caving of the 
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lithology and unreliability of porosity log readings. The first analysis step of the 

petrophysical workflow involved cross plotting the log data used to determine the volume 

of shale. In the composite (Figure 4.4), the Gamma-Ray log acquired with the sonic log 

(GRS) was used to compute the volume of shale (Vsh) in the Migrant N-20 well (sixth 

track from the left). The Vsh computation normalizes the Gamma-Ray log by comparison 

to sand and shale end points derived from a cross-plot of the Gamma-Ray and density logs. 

The computation is based on using a series of conditional statements in PetrelTM.  

 
Figure 4.4: A formation evaluation composite plot Migrant N-20 with input curves in the 

first five tracks and output curves in the last four tracks. The density log has been scaled 

in density values (fourth track from the left) and the sonic log in sonic values (fifth track). 

The analysis curves, left to right are Vsh, water saturation, porosity, and permeability. 

In the resistivity track (third tracks from the left), a separation between deep and 

shallow resistivity logs (highlighted in pale blue) with an increase in resistivity (rightward 

in track) from the shallow to deep resistivity curve can point to the presence of oil or gas, 

particularly when a conductive water-based drilling fluid has been used. While the 

separation between the deep and shallow resistivity logs can also be used as an indication 

of permeable zones, the continuous separation of these curves in the interval below 4000 

m and above 4250 m MD is an anomaly likely related to tool error in the shallow resistivity 

tool and is discussed further in Section 4.4.3.1. Where available, bad hole flags may be 
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used in deciding if porosity logs having quality issues and should not be used. For intervals 

where the caliper log indicates borehole wash out ñbad holeò flag is created (black bars on 

the left side of the neutron/density track). This alerts the viewer to the possibility that the 

total porosity curve created from the density log is often erroneously high. Given the 

incomplete density log coverage in the well, the bad hole flag was hardly used for this 

reason. With the absence of density logs from about 3137 m to total depth (TD), continuous 

porosity calculation was completed using the available sonic log. The sonic log can also be 

adversely influenced by the hole washout intervals indicated by the caliper log (3600- 3700 

m MD), but to a much lesser extent than for the density log. 

With increased overburden compaction down the well, the sands get tighter (have 

lower porosity) down the well and there is likely a substantial contribution of water from 

the surrounding shales that is in proportion to the percentage of shale present (Figure 4.5). 

Hence, by subtracting the shale porosity (the shale water component) from the total 

porosity an effective porosity is the result. From the basic porosity equation, the DT sonic 

value equivalent to the conventional porosity scaling of 0.40 to 0.00v/v was determined 

through estimating the total sonic porosity using the Wylie equations. This considered the 

matrix value (180 us/m in the case of sandstones) and 620 us/m for water in the porosity. 

From this, the shale contribution/shale water component was subtracted from the total 

porosity (PHIT), resulting in an effective porosity (PHIE). Typical of deltaic environments, 

the decreasing net sand to gross interval thickness with increasing depth means that the DT 

value of shales will vary from the top to bottom of the well.  

As a result, varying DT shale values were used for the shale correction based on bit 

run intervals in the Migrant well (including 311 mm = 260 us/m, 216 mm = 240 us/m, and 

152 mm = 225 us/m). From the Wyllie equation (APPENDIX B.2.2.), applying a shale DT 

of 260 us/m, 250 us/m and 225 us/m for hole intervals of 311 mm, 216 mm and 152 mm, 

results to values of 0.178, 0.132 and 0.07 respectively. This suggests that the variation in 

shale porosity within the intervals compared to differences between them wil l depend on 

their shale volume (which they are multiplied by) given that larger values of shale volume 

will result to a reduced matrix porosity.   
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Figure 4.5: A formation evaluation composite from the Migrant N-20 well with input curves in the first four tracks on the left and output 

curves in the last four tracks on the right. The DST test intervals (test 2, 5, and 8) are indicated on the composites by the red bar in the 

Gamma-Ray track. The estimate in the labels averages interval values that satisfied the applied cut-offs. The thicknesses are DST test 

thicknesses. (As indicated in Section 4.4.4. the cut-off criteria used in establishing the values displayed in the labels in the above 

composite include Vsh <=0.25, Porosity >=0.05, and Sw<=0.70). 
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