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EXECUTIVE SUMMARY 

In the applied areas of petroleum geology a need exists for a searchable database identifying our 

knowledge of the geology of Paleozoic sedimentary basins on and around Newfoundland and 

Labrador, and presented in a manner that allows researchers to compile their own specific sets of 

background data and to identify where information gaps and risks might exist in our exploring 

these areas. 

Under agreement with the Provincial Government Department of Natural Resources, the 

accompanying Excel spreadsheet of more than 3330 references (Part 2 of this project) is 

designed to become part of an open access, coded, and searchable file, constructed to capture 

most of the publically available, substantive, geologically relevant reports (as of April 2013), as 

well as a subset of conference abstracts, presentations and promotional materials, and other 

related, but extraregional, papers.  URL, DOI and other codes attached to many of the papers will 

allow researchers to navigate to other sites where some files may be freely downloaded or to 

publishing houses where subscriptions are required.  

A summary report of the quantity of geology and opinion about petroleum systems is presented 

with this spreadsheet.  It represents some of our own queries to the literature and addresses many 

general aspects of data quantity, quality and regional distribution patterns.  Given that this study 

and compilation is specifically focused upon regional sedimentary and petroleum geology our 

research review examines the sources of scientific knowledge explaining petroleum systems that 

may have been active in the region.  With this information, theoretical Arisks@ associated with 

Aproof of concept@ or Aconfirmation of play@ can be noted or corrected.  

As a summary of basic findings, the following points are made. 

For past and present efforts - what have we accomplished?: 

$ In the last 50 years in Newfoundland and Labrador, the rate of production of Paleozoic 

petroleum geology studies has not kept pace with other disciplines in the earth sciences.  

Overall, and in comparison with other aspects of the earth sciences in Newfoundland and 

Labrador, sedimentary and petroleum geology studies of the Paleozoic basins amount to 
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about 12% of research production. 

$ The total body of research concerning the Paleozoic basins of Newfoundland and 

Labrador is very clearly skewed towards studies of the Anticosti Basin.  Nearly two-

thirds of the total data base (>2000 papers) is Anticosti Basin material. 

$ The Sydney Basin has about 250 references we consider related to offshore exploration 

under CNLOPB jurisdiction.  Outside our search parameters there are in fact many others 

references describing coal deposits in Nova Scotia.  

$ At the other end of the spectrum, and with little more than 150 reports captured in our 

survey of the St Anthony Basin, much of the reporting is based upon extrapolations from 

the Maritime/Magdalen basin several hundred kilometres away.  Very little direct 

physical research has ever been reported here.   

$ Collectively, the Deer Lake and Bay St George Basins have over 1050 references.  More 

than 20% of this material is over 50 years old and a clear indication that little new 

geological research is either being conducted, reported or published on these regions. 

$ In the last 50 years, the overall rate of production of research amounts to about 45 reports 

per year for all of the Paleozoic basins covered by this report.  Nearly two-thirds of the 

reports (28/year) are Anticosti Basin studies.  The median rate for production for each of 

the other basins is generally fewer than 5 reports per year.  Such small numbers are an 

indication of low levels for any (petroleum) exploration and research. 

$ Under guidelines we selected for identifying the many different parts for petroleum 

systems, and namely studies captured under the titles source, reservoir, seal, maturation 

and timing, in the last 50 years, research in the Anticosti Basin generates about 6 reports 

per year that have some relationship with hydrocarbons.  For each of the other basins, the 

median level of activity is about 2 reports per year - and in our opinion not a sufficient 

indication of any progress in petroleum geology studies. 

For content of research - finding the gaps: 

$ In our subset of references describing the parts for petroleum systems, there are 622 

papers (26% of the modern (post 1960) database) that describe one or more aspects of the 

source, reservoir, seal, maturation and timing for hydrocarbon generation and capture. 
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From this total, and in the Sydney, St George, Deer Lake and St Anthony basins, 40 to 

50% of the references for those basins are viewed as direct application studies related to 

petroleum system analysis.   

$ Numerically, the Anticosti Basin has more petroleum system studies than the other 

basins.  However, taken in context with the total number of studies from this basin, the 

number of hydrocarbon studies amounts to little more than 20% of the total sedimentary 

and petroleum geology research for the Anticosti region.  More work is available to 

describe Anticosti Basin paleontology. 

  

Moving forward - reducing risk of failure 

$ There is no simple solution to for reducing the risks from incomplete data.   

$ The St Anthony Basin, in particular, and the Sydney Basin, in general, have very little 

direct evidence in support of any Paleozoic hydrocarbon exploration and in determining 

if a petroleum system exists.  

$  The Anticosti Basin has a significant research base in stratigraphy, biostratigraphy and 

structure, but with relatively little substantive data to support petroleum system modelling  

- and particularly beneath the Gulf of St Lawrence 

$ Deer Lake, and St George are somewhere between the two extremes and perhaps where 

specific research agendas may be beneficial. 

$ Given that gaps in our knowledge base have been identified, future research into 

hydrocarbon systems should be encouraged to: 

1. Engage in new studies into all aspects of the principal components of petroleum 

systems of the Anticosti Basin and particularly for new work in the offshore regions. 

2. Improve on identifying and characterizing source rock properties, reservoir porosity 

and permeability, maturation levels and timing of events in the St George Sub-basin.  

This knowledge will help guide petroleum exploration of this Sub-basin and offshore 

into the general region of the Magdalen Basin. 

3. Learn more about reservoir and seal distribution and properties, and regional 

maturation levels and timing for hydrocarbon charge in the Deer Lake Basin. 

4. Grow larger data sets for every part of the petroleum systems that may exist in the St 
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Anthony and Sydney basins. For the St Anthony Basin this can also include new 

seismic studies and shallow or deep boreholes for seabed geology. 

5. Build a proper set of measurements for porosity and permeability of strata from the 

entire region and specifically improve upon measurements from reservoir rocks from 

the St George Sub-basin. 

New knowledge will reduce risks associated with proof of play concepts as new exploration 

programmes develop. 

Fundamentally, there is a general need to improve the quantity of production of all petroleum 

geology and geophysics research conducted in all of the basins and with special efforts being 

made to get new research ignited in the St Anthony, Sydney, St George and Deer Lake Basins.  



 
 1 

INTRODUCTION 
 

In frontier exploration risks of failure are very real when data are sparse, disconnected and 

unfocused.  More often than not the reward is shining light upon the darkness.   

The same principles hold true for frontier geological exploration, mapping, prospecting, and 

wildcat drilling.  With rags to riches as a romantic vision for a successful exploration 

programme, the reality is knowledge, proof of principle, and improved predictive capacity for 

taking the next steps.     

The Anticosti, Sydney, Bay St. George, Deer Lake and St. Anthony basins and sub-basins of 

western and northern Newfoundland are frontiers where data on the geology, geophysics, 

geochemistry, age and history of strata are, by the very nature of the exploration cycle, sparse.   

Specialists working in these regions and conducting fundamental and basic geological research 

commonly publish their findings in highly technical journals, government reports or theses.  In 

contrast, explorationists and promoters, with permits to explore and to develop, may offer 

summaries of data and interpretations in promotional materials, trade magazines, corporate news 

releases, annual reports and legislated regulatory documents. Raw and interpreted company 

assessments of geological, geophysical and geochemical data, fluid and rock samples and 

biostratigraphy reports may reside with provincial and federal government departments and 

regulatory agencies where, after a time, they may be available for public review.  Building new 

opportunities from basic science and exploration means all of the data are in some way relevant 

to understanding paths where others have travelled, enhancing old and generating new 

exploration strategies, and perhaps also realizing that there may be other avenues to follow to 

generate new benefits for industry and the province.  

 Basically, there may be something to be said about a variant on  Edmond Burke=s old adage  Aif 

you are unable to catalog the past, you are doomed to repeat it@ - Lemony Snicket (The End) .  

Without a clear picture of the spectrum of available geological exploration, science and technical 

materials covering the Paleozoic basins around Newfoundland it will be difficult to appreciate 

what has been attempted, to realize where new opportunities exist, or to recognize possibilities 
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for future needs and applications.  

The goal of this report is to identify, locate and catalog all or most of the published and 

unpublished sedimentary and petroleum geology studies for the Paleozoic basins on and around 

Newfoundland and Labrador.   As a keyword coded and searchable database, Part 2 of this report 

should offer a broad palate of science and technology for any to review and comment upon.   Our 

own summary of the geology and of current levels of research into this geology will provide a 

starting point for identifying knowledge gaps and proposing new directions for research 

contributions to regional exploration, engineering and development strategies.   

 

PROJECT OUTLINE 

Within the context of the guidelines proposed for a Paleozoic Petroleum Geology Scoping Study, 

the geographic area includes most of the offshore territory surrounding Newfoundland and 

southern Labrador, and other onshore and nearshore sedimentary basins on the west coast of the 

island (Figure 1).  The expressed  aims for this work are to: 

(1)  generate a spreadsheet or database (catalogue) of all relevant references for Anticosti, 

Sydney, Bay St. George, Deer Lake and St. Anthony basins, and where possible to 

provide digital links to help locate papers and files (Part 2); 

(2) compile a spreadsheet or database listing for geological and geophysical surveys and 

samples held at government laboratories and other institutions (Appendix 1); 

(3) produce summary reports for each basin to outline the quantity and type of literature 

available on basin geology and including descriptions and discussions on factors 

contributing to Petroleum System Models, and namely; 

a) quality and distribution of source rocks, thermal maturation and reservoir rock; 

b) stratigraphy and structural evolution of a basin;  

c) possible migration paths, seals and critical moments in the history of a 

petroleum system, and; 

d) a summary of risk from quantity and quality of available data. 
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For completeness, this catalogue will attempt register citations for all of the relevant non-

confidential data from published and unpublished sources.   Where possible, citations will also 

include petroleum geology, geophysics, and geographical keyword search terms (Appendix 2) as 

found in glossaries from other government agencies (GSC and CNSOPB).  In practical 

applications, this catalogue should include sufficient search terms to help a diverse  research 

community compile, categorize and qualify the quality of modern and vintage reports. 

With a large database and library on the history and scope of investigations of the Paleozoic 

Basins of Newfoundland and Labrador, our overall scientific and technical understanding of 

practical geology and geophysics of the region will be improved.  Furthermore, and given a large 

reference collection, popular topical areas can be measured against other less documented 

disciplines to identify systemic knowledge gaps that need investigation in support of an idea or 

to pursue new research directions.  

In practice, a systematic catalogue of searchable data and reference material should be viewed as 

an entry to literature describing our present understanding of regional petroleum systems - and 

namely, the correct assembly of source, reservoir and seal in a timely manner that permits 

petroleum to be formed, migrated and trapped. In examining the geology and geophysics of the 

Paleozoic basins on and around Newfoundland and Labrador, logic dictates that coded references 

identified as one or more parts of a petroleum system will assist in placing historical 

accomplishments in context, identifying where weaknesses in petroleum system modelling exist, 

and focusing exploration and research agendas on proof of concept scientific risk (not technical 

or engineering risk) for a successful exploration play.  Basically stated, if an exploration model 

or concept is developed on weak, old or inaccurate science that is locally generated from limited 

measurements or extrapolated from other regions, then that is a scientific, proof of design, risk.  

By creating a compilation of geologically coded and linked reference material, we will have  

produced a hierarchical listing of search terms that identify most of the knowledge describing our 

present level of understanding of petroleum system models for each basin.  This reference base 

should be viewed as a first pass at defining an exploration risk - proof of play - analysis, and one 

that outlines and categorizes real from extrapolated data from each of the basins. Our petroleum 

system summaries will highlight our view on some of the overall body of data, and inform on 
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regions and on topics where explorers may need to ask and to answer more questions. 

GEOGRAPHIC AND GEOLOGIC SCOPE 

This report is directed to the study of Paleozoic basins on and about Newfoundland and 

Labrador.  Specifically, work is aimed at cataloguing relevant literature for the Sydney Basin, 

along the south coast of Newfoundland, the Bay St. George Sub-basin (Magdalen Basin) and the 

Anticosti Basin in the Gulf of St. Lawrence, the onshore Deer Lake Basin in central and western 

Newfoundland, and the St. Anthony Basin off the northeast coast of Newfoundland and 

extending north into coastal Labrador waters.  

Generalized, regional maps for these basins (Figure 1) are available from Provincial and Federal 

government web sites - each has a slightly different focus.  The Provincial Government map 

shows a general outline of the 5 basins in context with one another, with adjacent and overlying 

Mesozoic strata of the Orphan Basin and the Laurentian Basin, and with agreed national (France-

Canada) and provincial (Nova Scotia-Newfoundland and Labrador) territorial and economic 

boundaries.  The Federal Government map is an interpreted geology and geophysics map 

showing the thickness of the Upper Paleozoic strata and the extension of the Sydney Basin 

offshore, beneath Mesozoic and Tertiary cover, and towards the Whale and Jeanne d=arc Basins. 

For our purpose, basin names and geographical boundaries simply serve as a high level search 

term for this literature survey (e.g. search ASydney Basin@ and you should get more than 250 

citations).  Inasmuch as territorial and jurisdictional boundaries are relevant to royalties and 

development, the real geology and geophysics are not constrained by legislation and reach much 

farther afield.  Since reference searches are focussed upon capturing all materials directly 

relevant to Newfoundland and Labrador interests, we have also included non Newfoundland and 

Labrador extra-regional subsets of references that we consider important scientific and technical 

studies.  In particular, strata from Nova Scotia, New Brunswick, Prince Edward Island, and 

Quebec may offer better outcrop exposures and certainly show events on the opposite side of a 

basin.  For strata from Greenland, Ireland, Britain, the United States and elsewhere, there may 

also be direct relationships through comparative conjugate margin studies of rocks, paleontology, 

resource, and facies models. 
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Figure 1: A. Government of Newfoundland and Labrador map illustrating basins, petroleum 

leases, fields and agreed economic boundaries.  B. Federal Government map offering a slightly 

more detailed view of Paleozoic Basin boundaries and depth to dense igneous and metamorphic 

basement. 
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From the searches and informed choices we made, we include bibliographic citations of 

additional science, exploration strategies, successes and failures that either specifically 

acknowledge Newfoundland and Labrador or inform our understanding of the geology and 

geophysics of Newfoundland and Labrador.   

Just as our reference searches are complicated by limits of geography and science, the geological 

boundaries for basins are also difficult to draw.  For instance, the outer margins for the Sydney 

and St Anthony basins are indeterminate features laying beneath thick Mesozoic cover and also 

found as outliers on and around the coasts and large ponds in Newfoundland (Kean and 

Jayasinghe, 1980; Hyde, 1995).  Likewise, the stratigraphy and structure of the eastern margin 

for the Anticosti Basin is extremely complicated and therein not well defined. In many places in 

western Newfoundland obducted oceanic crust lays upon mildly deformed platform rocks.   

Elsewhere, significant tectonism has metamorphosed the Cambrian and Ordovician platform 

creating opportunity for mineral exploration studies.  For completeness of coverage and some 

confirmation of limits for petroleum exploration, we also include small subsets of some of the 

many igneous, structural and metamorphic geology studies of these complicated regions. 

 

LEGAL LIABILITY 
 
Opinions expressed herein are intended for use by Research Development Corporation of 

Newfoundland and Labrador and its partners NALCOR and the Government of Newfoundland 

and Labrador.  If redistributed, used, and published by another person or agency, appropriate 

recognition should be made.  In preparing this report and opinion, the authors and 

OMNICHRON Associates Inc. have relied on input from the Steering Committee and other well 

qualified professionals and with care taken in our own collecting and compiling published and 

unpublished research. 
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PETROLEUM GEOSCIENCE (SCOPING STUDY) DATABASE 

The last few years has witnessed an explosion in the volume of geoscience literature available 

digitally via a wealth of free and subscription-based online databases created by Canadian 

federal and provincial governments and agencies, libraries, geoscience societies and the 

publishing industry. 

In the call for bids, the officially titled RDC - AWestern Newfoundland Petroleum Geoscience 

(Scoping Study) Database@ project was generated from a practical exploration and research 

need.  The general aim is to compile and evaluate all of the literature resource types, along with 

regular non-digitized paper copy and a sample of accessable unpublished material, and to 

identify topic areas where research is scanty.  While geographic provincial and territorial 

boundaries are a starting point, there is also a need to view stratigraphy and structure from the 

original shape and configuration of basins and tectonic plates.  Consequently, and while focussed 

upon Newfoundland and Labrador, this database is distinguished from other compilations by 

specifically respecting the geology and Petroleum Systems of the five Paleozoic sedimentary 

basins and namely the Anticosti, Bay St. George, Deer Lake, Sydney and St. Anthony basins. 

Importantly, this database differs in that it has been custom-indexed from that perspective, 

utilizing petroleum systems terminology and Newfoundland and Labrador geographic and 

geologic terms and formation names.  

The database is comprised of publically accessible data from scientific journals, books and book 

chapters, government and industry reports and maps, conference proceedings (including 

abstracts, posters and PowerPoint presentations), field trip guidebooks, bibliographies, well and 

drill hole data; geophysical maps and data, mineral assessment reports, and a few websites.   

The database stands at some 3330 references.  At least 3,000 of those relate to one or more of the 

western Newfoundland sedimentary basins either entirely or only peripherally.  The remaining 

200 or so, while not mentioning Newfoundland and Labrador directly, were included in the 

database as potentially useful analogues from other distant localities and sometimes beyond 

Quebec or the Maritime provinces.  Some are regional papers covering all or part of eastern 

Canada or USA, Greenland and European conjugate margins.  
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The database is ultimately geared to the furtherance of work in support of and by those engaged 

in the exploration for oil and natural gas in the province, though it may serve as a useful finding 

aid for almost anyone working in the sedimentary basins.  It was designed to consolidate all of 

the literature and materials potentially relevant to the hydrocarbon prospectivity of western 

Newfoundland.  The associated reports, one for each of the basins, summarize the current 

knowledge of the petroleum systems, address the quality and quantity of data available, and 

attempt to identify gaps in the knowledge base.  

It is a given that the complex tectonic history of western Newfoundland bears heavily on the 

potential for the generation of, and more importantly, the preservation of economic hydrocarbon 

volumes.  If any field requires an interdisciplinary approach it is petroleum exploration.  While 

collection effort was concentrated on entries touching on one or more aspects of the hydrocarbon 

system, a liberal approach was taken to the inclusion of papers.  The type of literature captured 

ranges from obscure paleontology papers to oil and gas company drilling reports - with work 

published as long ago as 1703, and as recently as 2014 (official cut-off for searches - April 

2013). 

 

PRIMARY REPOSITORIES AND SOURCES ACCESSED 
Government sites may also contain lists of technical materials from cores, cuttings, geochemical 

and geophysical analyses, and from seismic records and reports.  Access portals for some of this 

material are identified below and with additional instructions for accessing other types of 

provincial and federal government data in Appendix 3. 

$ The Geological Survey Division of the Newfoundland and Labrador Department of 

Natural Resources maintains an on-site library on Elizabeth Avenue in St. John=s.  Its 

website portal GeoScience OnLine, provides links to several databases used in this 

compilation, chief among them the Geofiles search engine, Geological Reports and Maps 

and the Geoscience Atlas Online.  The databases provided access to extensive collections 

of in-house and external scientific publications, geological and geophysical maps and 

data, as well as industry-generated mineral assessment reports.  The Geoscience Atlas 
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incorporates a set of petroleum resource layers with onshore and onshore-to-offshore 

wells, onshore seismic lines, petroleum basins and leases and permits, in addition to 

available literature, bedrock geology and a drill core database.  

$ The Energy Branch of Newfoundland and Labrador Department of Natural Resources= 

website provides links to compilations of petroleum exploration-related publications, 

including well history reports, Call for Bids supporting documents, lists of released 

geological and geophysical reports, and a selection of other scientific publications. 

$ Memorial University of Newfoundland=s Queen Elizabeth II Library and Centre for 

Newfoundland Studies and the Map Room provide access, both on-shelf and digitally, to 

comprehensive Newfoundland and Labrador geoscience collections, including theses.  Of 

course the stacks are freely perusable to anyone, as are many of the digital materials. 

Otherwise, the non-university community may be able to access some Ebooks, EJournals 

and Article Indexes on-site upon obtaining a temporary Labnet account at the Library 

Service desk on any of the Memorial University Campuses in the province  .  

$ To identify relevant theses created and housed outside of the province, academic 

colleagues and university website portals from the Maritime Provinces and elsewhere 

were consulted.  Often these theses are available online in full, or at least as an abstract.  

$ Natural Resources Canada=s (NRCAN=s) GEOSCAN Database, an online search portal 

for in-house and external publications by NRCAN scientists, including those at the 

Geological Survey of Canada (GSC), was extensively consulted.  The GSC Vancouver 

provided on-site access to other geoscience databases and on-shelf collections of GSC 

publications and external journals over a period of several months.  Hard-copy materials 

were reviewed for relevant material not available online.  

$ Geological, geophysical and engineering data relating to oil and gas exploration in 

Canada=s offshore frontier basins is available via NRCAN=s BASIN database. NRCAN 

describes the database as Aboth basic and interpreted information for most petroleum 

industry exploration wells and locational data for a large number of seismic surveys. 

Basic well data has been gathered from well history and drilling reports while 

interpretative data such as formation picks, geochemical analysis, age determinations 

and vitrinite reflection values have been compiled from petroleum industry and 
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government sources.@  BASIN provides links to the relevant federal-provincial or 

provincial boards where the original material is housed. 

$ Data for the Newfoundland and Labrador offshore is under the jurisdiction of the 

Canada-Newfoundland and Labrador Offshore Petroleum Board (C-NLOPB).  As of 

writing, publically-released material, including well reports and seismic data, is available 

upon request, for viewing or reproduction, by appointment, at cost recovery including 

labour, from its Information Resource Centre in downtown St. John=s.  It is hoped that 

this material will soon become more easily and economically accessible, preferably in a 

digital format.  

OTHER REPOSITORIES AND DATABASES 

$ See Appendix 3 for information regarding Canada Nova Scotia Offshore Petroleum 

Board 

$ Quebec=s Oil and Gas Geoscience Information System database (SIGPEG) provides 

access to geological, geophysical and well reports for the province, the well reports 

dating back to 1860. Most of the reports are available for purchase. 

 

USING THE DATABASE 

Fundamental indexing of the database is by author, title, publisher, publishing date, geographic 

area, basin, broad topic areas, formation names and ages.  Permanent link, URL and/or DOI 

information is provided for more than 75% of the files in this database.  Links are not provided 

for files that remain in paper format.  Other web links provided for some documents are unstable 

and may prove fleeting; such is the nature of the web. In the case of commercial publications, the 

links will lead to the publishers= websites where abstracts and purchasing information may be 

available.  With non-digital materials sourced physically in libraries or institutions, finding aids 

such as location and Call Numbers may be provided, though this wasn=t consistently done. 

Beyond the basic indexing, the approximately 700 keywords assigned to citations (Appendix 2) 

enable identification, to a finer level, of materials potentially relevant to the exploration for 



 
 12 

hydrocarbons in Newfoundland and Labrador.  The keywords may be similar to or a subset of 

those supplied by an originating database, if obtained from such a source.  To the extent that 

keyword lists were often not available at all, or not sufficiently detailed to capture the level of 

information thought necessary for the purposes of this database, much of this keyword list was 

custom-generated.  This was accomplished by both visual and computer scans of the abstracts or 

full documents where available.  The latter process is fraught with limitations, but hopefully 

those errors that slipped through the editing process were minimal.   

The user of the database is cautioned on the limitations of the keyword search.  The scope of this 

study did not allow for a detailed indexing of every paper or report, though the more relevant the 

paper to petroleum systems of western Newfoundland, the more detailed the indexing should be, 

assuming the text of the paper or a good pre-existing keyword list was available.  Many were 

not. 

The keywords are designed to be hierarchical.  Not every level of the hierarchy is necessarily 

attached to every reference, although for key papers, that was the aim, if not the result. 

$ Forty-five Brook Formation > Anguille Group > Deer Lake Basin > Maritimes Basin  

$ Hydrogen Index > Rock-Eval > Source Rock > Hydrocarbon System  

$ Seismic data > Geophysics  

Some sample searches: 

$ Reservoir or Porosity + Aguathuna Formation 

$ Oil seeps + Newfoundland and Labrador 

$ salt tectonics/structures + Bay St. George Sub-basin 

$ Structural geology + traps + Anticosti Basin 

$ Thermal Maturation + Deer Lake Basin 

$ Magnetic Anomalies or Magnetic Data 

$ Marine Geology + Gulf of St. Lawrence 

$ Coalbed methane + Sydney Basin 

$ Biostratigraphy or Paleontology + Cow Head Group 

$ Seamus #1 well 
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It is suggested the user be creative in choice of keywords and phrases, and to use them singly or 

in combinations of two or more (Appendix 2). Search results may include papers or reports with 

a mere mention of the word, so additional filtering will likely be necessary once the results are 

obtained. 
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GENERAL AND REGIONAL REVIEW OF DATABASE 

COMPARISONS OF HISTORIC AND MODERN REFERENCE MATERIALS  

In considering the search term Ahistoric@ and modern, December 31, 1959 was selected as a cut-

off date for old versus new references.  Aside from the fact that 1960 is roughly 50 years ago, it 

also stands on the eve of the introduction of the plate tectonic revolution, the way we view the 

planet, and the opening of many new areas of geology and geophysics research in exploration 

and development.  In another light, the separation of Ahistoric@ from modern references also 

shows changes in the levels for current activities in this region. 

To get an appreciation  for the significance of this general time, one must first refer to old 

bibliographies that summarize a clearly defined geographic area - in this case, the island of 

Newfoundland.  To be clear, the data we collected cannot offer such clear and unbiased measure 

of productivity.  Our search mandate is not the same as that presented in older bibliographies.  

Certainly, the trends are seen to be similar between our measures and the older collection 

parameters from early bibliographic surveys, but, the search criteria established for our study are 

not as well constrained by geographic boundaries and definitions; we have offshore studies and 

an interest in relevant extra-regional work.  The decisions made in our selection process are 

based upon geography and opinions on perceived relevance to petroleum studies.  Older studies, 

are entirely delimited by geography and, for the most part, terrestrial studies of the island.   

A simple view on changes in research productivity may be achieved by measuring old versus 

new publications collected from old bibliographies.  The age and quality for older bibliographies 

and the references contained therein is not really in question; they are the products of their time.  

To appreciate the significance of the historic period before 1960, the first three comprehensive  

bibliographic compilations by Betts (1936), Baird et al. (1954) and Butler and Bartlett (1969) are 

proper starting points.  

As a part of the Princeton University contribution to the Geological Survey of Newfoundland, 

Betts (1936) identified 301 papers for all geological topics concerning the island of 

Newfoundland.  Considering that no comprehensive offshore work was ever reported for this 
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time, more than 180 of these papers, and nearly 60% of her database, cover one or more aspects 

of the sedimentary rocks of Newfoundland.  Many of these papers are clearly focused upon coal 

and oil in western Newfoundland (Figure 2).  Nearly 30 years later Baird et al. (1954) have 

another 342 new papers identified for Newfoundland and with 152 (36%) new papers focussed 

upon the island=s sedimentary rocks and their mineral and energy resources - coal, gypsum, salt, 

limestone, sphalerite and galena.  In total, all of the basic geological science research from 1937 

until 1954 amounted to about 20 new papers per year with about 9 papers per year that actually 

address any aspect of the provinces sedimentary and petroleum geology (Figure 3). 

Beginning in  1955 and continuing until 1969, Butler and Bartlett (1969) report 800 new papers 

for the island portion of the province, and with 154 new papers (26%) closely related to 

sedimentary and petroleum geology.  In terms of productivity, this period shows more than a 

100% increase in overall research levels and with about a 60% increase in sedimentary and 

petroleum geology activity (Figure 3; 11 papers per year).  In particular, the 1960's now include 

some  major offshore geophysical studies and drilling.  

Since 1970 and until today the production of geoscience research in Newfoundland and Labrador 

has never been higher, and with more than 20,000 research papers and reports registered with the 

Newfoundland and Labrador government geoscience database.  Across the province, this 

amounts to more than 450 new geoscience papers and reports per year.   To get a sense of the 

numbers of sedimentary and petroleum geology studies available for review, we believe we have 

collected most of the published materials in the government files and beyond, and also sampled a 

subset of the larger and more comprehensive industry reports filed with the government.  In 

comparison with total research productivity for the province, the rate of production for 

sedimentary and petroleum geology papers is at least 66 papers and reports per year (Figure 3).  

Significantly, in onshore areas, exploration has resulted in important hydrocarbon discoveries on 

the Port au Port Peninsula (Cooper et al., 2001).  For offshore regions covered under our report, 

there are a number of large targets that await testing. 

In summary, in 1960 there was little more than 375 papers and reports describing all of the 

sedimentary geology of Newfoundland.  While numbers of papers have certainly increased in the 
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Figure 2: Graph of the production history for sedimentary geology and geophysics publications 

for Newfoundland Island and the total of all geoscience papers. The percent ratio of sedimentary 

and petroleum geology studies to Total publications (now 12%) has declined since the 1950's.  

 

 

 

 

 

 

 

 

 

Figure 3: After about 1960 the rate of research production in Paleozoic basins on and around 

Newfoundland increased to about 66 papers, presentations and reports each year.  
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last 50 years, the rate of production of sedimentary and petroleum geology studies has not kept 

pace with other disciplines in the earth sciences.  Overall the trend in sedimentary and petroleum 

geology research in Newfoundland and Labrador is down (Figure 2). 

 

GEOGRAPHICAL VARIATIONS IN RESEARCH EFFORTS ACROSS BASINS 

Additional important observations on research effort can be seen in a historical analysis of 

activities in comparisons with the sum total of modern (post 1960) studies.  By comparing the 

volume and direction of modern and historic efforts, one can readily see whether significant new 

research has been completed across the discipline or simply focussed in one area of study or 

region. 

In examining the total body of research concerning the Paleozoic basins of Newfoundland and 

Labrador (Figure 4), and this also includes 625 Aregional@ studies, it is very clear that work on 

the Anticosti Basin dominates all other sedimentary and petroleum geology studies.  More than 

half of the total data base (>2000 papers) is material discussing the Anticosti Basin.  In sharp 

contrast, the St Anthony Basin has not many more than 150 papers and other reports.  

The distribution of papers between Ahistoric@ and modern literature offers an excellent proxy for 

the current state and intensity of research.  Regions containing significant volumes of reference 

material that is more than 50 years old may be considered to have a long and extremely well 

documented history, or, more likely, these are  poorly studied areas.   The Anticosti Basin has a 

large number of research papers, and with less than 10% of that material more than 50 years old.   

The geology of this part of Canada is globally recognised as a classic part of the Appalachian 

Orogen and the literature is populated with reports generated from a large and active academic 

research community.   

In comparison, the  St Anthony Basin also has relatively few substantive geological and 

geophysical studies, and yet, older Ahistoric@ publications simply form about 5% of the total 

number of reports from this area (Figure 5).  For this region of the northeast Newfoundland 

coast, this observation should be no surprise.  Until the 1960's, the St Anthony Basin was an 
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Figure 4: The Anticosti Basin with more than 10 times the number of reports than the St. 

Anthony Basin is by far the most intensively studied and documented region examined for this  

study. 

 

Figure 5: Historic publications as a percent fraction of the material available from each basin.   
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unknown and unnamed feature off the Newfoundland coast and where it remains to this day a 

minimally studied region. 

The Sydney Basin, along the south coast of Newfoundland and extending onto the coast of Nova 

Scotia, has 251 research papers and is also seen to have a small number (11) of pre-1960 

research contributions (Figure 5).  Unlike the St. Anthony basin where little research has ever 

been conducted, we believe this reporting anomaly is a function of our own search parameters 

and not a real representation of the facts.  In Nova Scotia, the Sydney basin has a long history as 

a coal mining district.  The Nova Scotia papers identified in our files are specifically selected to 

show our current understanding of the Newfoundland offshore and with a smaller comparative 

sample of old and new material from the Nova Scotia side of this basin. 

A surprising contrast to these earlier examples rests with the fact that old Ahistoric@ vintage  

publications and reports form over 20% of the > 1050 references for the Deer Lake and Bay St 

George Basins (Figure 4 and 5).   Both of these areas are either onshore or nearshore regions of 

western Newfoundland.  The significant volume of older reference material is a clear indication 

that little new research is either being conducted, reported or published on the geology of this 

part of Newfoundland.  A large part of the available reference material was generated in the 

search for coal more than 50 years ago and before the plate tectonics paradigm was conceived.  

In total, it is clear that our knowledge base is very uneven and with some basins receiving 

relatively little attention for more than 50 years.  
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PETROLEUM SYSTEMS ANALYSIS 

SUMMARY OF THE REGIONAL REFERENCE BASE FOR PALEOZOIC 
PETROLEUM SYSTEMS 

The Petroleum System reference base is a first pass at determining where research efforts have 

developed.  It is roughly constructed around a hierarchical succession of search terms and topics 

(Table 1 and Appendix 2) that can be used to identify specific data, papers and reports that show 

one or another component for an active petroleum system in each of the Paleozoic basins.  In 

selecting search terms, we have tried to stay away from common words or phrases that may 

include many or all of the main headings in a petroleum system (e.g. lithostratigraphy). 

Compilations of numbers of reports in one or another petroleum system topic area and for each 

of the basins (Table 2) can provide additional significant insight into the rate and direction 

research has taken in the last 50 years. 

Table 1: Hierarchical listing of some of the search terms used to identify papers and reports that 

describe indicators for the main elements for a petroleum system. 

For each of the basins, the basic components for a petroleum system (Source, Reservoir, Seal, 

Maturation, and Timing) are identified and populated with two numbers, total number of reports, 

and total number of reports minus all of the pre-1960 studies and also without conference and 
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other abstracts that are normally short on details (Table 2a). The immediate impact of these two 

numbers clearly highlights the fact that 27% of the data base (3311 - 2420 = 891) is populated 

with conference abstracts and historic studies (Table 2a).   

With our selected indicators, and under totals for petroleum system reports, the 622 papers 

captured for this survey indicates that about 26% of the total data base has some bearing upon 

the principal parts of a petroleum system.  In the total reports for the Anticosti Basin, and in 

absolute terms, the 338 papers identified as relevant are numerically not that much different from 

the 100-200 papers registered for the other large basins.  Given the significantly larger number of 

reports from the Anticosti Basin (1510 vs 500 for Bay St. George), it must be concluded that less 

emphasis has been placed on the body of research expected for petroleum systems for Anticosti 

Basin (Figure 6).  Additional evidence in support of this observation is presented elsewhere in 

the Basins analysis part of this study and report .  

Under Petroleum System Reports, the Columns in Table 2 illustrate differences in research 

direction and intensity between the different basins.  For Table 2c, the numbers are represented 

as percents .  For instance, in the Anticosti Basin, the total number of papers mentioning source 

rocks is 262 (Table 2a), but when old papers and abstracts are removed, there is only 176 papers 

presenting more substance and detail (Table 2b).  The intensity of this research is very different 

from, say, the St Anthony Basin where in the same period, only 34 modern source rock papers 

make some mention of this basin (Table 2b). The bottom Totals for each column show the actual 

numbers of papers in a topical heading.  For our five basins, there are 307 papers describing or 

discussing Source Rocks and 346 in the entire data base.  Nearly 90% of the total number of 

source rock papers collected for this study are included in this summary; others are spread 

amongst regional papers.  Please note that the numbers in a column will not add up to the total 

for a column (e.g. 307); many papers in a count are reporting data from more than one basin.  

Rows in Table 2 track the mechanisms of a petroleum system showing in a schematic way the 

intensity of research into the parts.  For instance, source rock is an important part of the research 

conducted in the Deer Lake Basin with 80% of the reports either contributing data or 

commenting on this part of the petroleum system.   This is considered as evidence in support of  
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2a 

2b, c 

Table 2: Charts showing pattern of petroleum system reports by basins and studies.  Table 2a 

provides numbers of reports for the total data base and a subset created by removing historic 

(pre-1960) documents and Abstracts from conferences.  Table 2b is the subset of filtered data.  

Table 2c is rendered as percent abundance with Petroleum System parts (e.g. Source) measured 

against Total Rows (e.g. 176/338 x 100).  The percent value for Total Rows (e.g. Anticosti - 338) 

is calculated against the total Anticosti data base (e.g. 338/1510 x 100).    Please note that these 

results are trends and different numbers can be generated from different search terms. 
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 regular and continued research interests (Figure 6).  In comparison, the relative number of 

reports examining timing of events (39%) and seal (22%), are modest and needing additional 

work (Figure 6).  

Reference lists created from the search terms are used to gain an appreciation of the quantity, and 

publication dates for research conducted on the possibility of Paleozoic petroleum systems on 

and around Newfoundland.  This type of reference listing may also be useful for anyone wishing 

to identify and examine data availability for specific topic areas and to improve upon old and 

limited data sets.  It  should also be made clear that having any or all of the basic parts of a 

petroleum system identified does not necessarily reduce exploration risk if data are old, limited 

by geographic coverage, stratigraphic names and correlations, and basic technical analyses for 

properly measuring petrophysical and other properties.  

The most recent word on this subject, and namely a series of papers by a team of Geological 

Survey of Canada scientists (Hu and Dietrich, 2008; 2010; Hu and Lavoie, 2008; Lavoie, 2008; 

Lavoie et al., 2009a; 2009b; 2009c; 2009d; 2009e; 2009f; 2009g; Dietrich et al., 2011; Hannigan 

and Dietrich, 2012)  offer a comprehensive,  reasoned and well researched view on whether 

petroleum systems exist in the Paleozoic basins of Atlantic Canada  and (statistically) under 

appropriate circumstances, how much hydrocarbon might be recovered.   Nevertheless, these 

scientists also recognise limits to data that is available, and the need for significant new efforts if 

this region is to reduce exploration risk.  Our listing of the parts shows all or most of the data and 

analyses that have been completed in advance of the GSC reviews (Figures 6 and 7).  

Disciplines, regions, and topic areas in need of closer examination are visible from this 

compilation.   All of the parts of a hydrocarbon system must be assembled in a manner that 

allows hydrocarbons to form, migrate and become trapped and preserved.  An appropriate 

understanding of stratigraphy, structural geology, and history of basic petrophysical properties is 

critical to reducing this basic form of exploration risk.  
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Figure 6: Table 2 rendered as a Areport card@ using abundances of publications measured against 

Total Rows (Table 2b) and used as an indication of levels for research conducted in this region.  

Those parts of a petroleum system that barely register in total numbers of hydrocarbon system 

publications for a basin are identified as needing work.  Topic areas that regularly find their way 

into reports are seen as representing continuing progress.  So too, all of this should be examined 

with Figure 7 to see that the records for rate for annual production of reports indicates that in 

total very little work on petroleum systems is actually being conducted in 4 of the 5 basins. 

 

 

Figure 7: A >50 year measure of the annual rate of production of reports on any aspect of a 

hydrocarbon system and on any aspect of the geology of the 5 sedimentary basins.  Production of 

reports at fewer than 5 papers per year indicates little progress in understanding the geology.  
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REGIONAL ANALYSIS OF PETROLEUM SYSTEMS 

ANTICOSTI BASIN 

Introduction 

Since the early part of the nineteenth century, Parsons Pond (1812) and Shoal Point (Port au Port 

Peninsula - pre-1874) on the Newfoundland side of the Anticosti Basin figure very prominently 

in the early history of North American oil exploration.   Both areas are well known for oil seeps 

and oil shale, and with a recorded history of exploration and drilling at Parsons Pond beginning 

in 1867 (Fleming, 1970).  For at least 150 years the Anticosti Basin has remained a very large 

and elusive target for petroleum studies and the site for significant and continuing exploration 

and drilling in Quebec and in Newfoundland and Labrador (Cooper et al., 2001; Dietrich et al., 

2011). 

For purposes of this report, Anticosti Basin is viewed as a depositional centre accommodating 

latest Precambrian through lower Paleozoic Laurentian (sedimentary) strata deposited in and 

around the present Gulf of St. Lawrence.  The northern limit for the basin is the Paleozoic 

erosional edge with metamorphic Precambrian rocks, and not far inland from the Quebec and 

Labrador coastline.  The southern limit, not always easily detected, is the ancient margin of 

Laurentia, beneath transported and structurally deformed strata, and where the volcanigenic 

oceanic crust of Iapetus (the Dunnage Zone) becomes the dominant lithology.  This basin 

includes thickened undeformed rocks of the St. Lawrence Platform, the deformed rocks of the 

Humber Zone and thick layers of detritus shed from advancing thrusts.  Bell and Howie (1990) 

suggest that the Anticosti Basin depocentre in the middle of the Gulf of St Lawrence may contain 

as many as 7000 m of lower Paleozoic strata. 

In spite of a lengthy history of research and exploration activity in this basin, virtually all of the 

hydrocarbon drilling is concentrated in three relatively small areas, Anticosti Island, Port au Port 

Peninsula, and Parsons Pond.  With a number of interesting targets identified offshore (Jose and 

Sargent, 2007) exploration of the broader region that presently underlies the Gulf of St Lawrence 

is very much in its infancy.  
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Regional Geology, Tectonics, and Stratigraphy  

The late Precambrian break-up of Rodina, a Neoproterozoic supercontinent, began around 620 

Ma when rift related granitic intrusions and dike swarms developed on what was to become the 

southern margin of Laurentia, the ancient core of North America (Stukas and Reynolds, 1974; 

Williams et al., 1985; Waldron et al., 1998; van Staal et al., 1998).  Rifting, and later spreading 

left the southern coast of this new continent with an irregularly shaped, and faulted, passive 

margin defined by major promontories and reentrants (Thomas, 1977; 2006).  These, in fact, are 

features that define basic basin shape and determine aspects of the sediment fill for the basins of 

the southern Laurentian margin (Miall and Blakey, 2008).    

In the early Cambrian, and as rifting transitioned to spreading, Iapetus, the southern bounding 

sea, gradually covered this stretched, broken and subsiding continental margin, becoming the site 

for deposition of thick deposits of continentally derived shelf sandstone and shale.  Locally, 

across the Quebec, Gulf of St. Lawrence, and western Newfoundland regions,  Ediacaran and 

lower Cambrian rocks are known as the Labrador Group, Curling Group, Penguin Cove, South 

Brook and Blow Me Down Brook formations (Figure 8).  Compositionally, these rocks range 

from immature alluvial and fluvial marginal marine and glauconitic sandstones, marine 

mudstones mature quartzose sandstones, arkosic sandstones and greywacke turbidites.    

Later in the Cambrian, the southern margin of Laurentia (the St Lawrence Platform) developed 

as a vast carbonate shelf with several kilometres of limestone and dolomite of the Port au Port 

and St. George Groups deposited upon a wide continental shelf and facing into a deep marine 

setting.  Onshore, to the north, and inland across the Laurentian craton, thin carbonate deposits of 

an expansive epiric sea, covered the irregular Precambrian surface and filled ancient grabens 

(Salad Hersi et al., 2003; Dix and Salad Hersi, 2004; Ettensohn, 2008). Farther to the south, and 

off the edge of this carbonate shelf, deep marine and pelagic carbonates and clastics of the Cow 

Head and Northern Head Groups are thought to lay upon attenuated continental granitic crust, 

and much farther seaward, oceanic basaltic crust (Figure 8).  If spreading did not happen, it is 

unlikely if any Cow Head and Northern Head strata could be deposited. 

Spreading ended by the beginning of the Middle Ordovician and, with the start of the Taconic 
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Figure 8: Stratigraphic correlation of strata from deep marine slope deposits on the southern 

margin of Laurentia (Bay of Islands - Humber Arm Allochthon) and north onto the St Lawrence 

Platform epiric sea in what is now Anticosti and southwestern Quebec.  Data are compiled and 

interpreted from many sources and including those containing a variety of biostratigraphic 

controls. 
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Orogeny, a lengthy episode of more than 200 Ma of Appalachian mountain building began.  Far 

to the south, mixed and volcanigenic Taconic Aflysch@ was accumulating upon distal Northern 

Head and Cow Head group strata.  Closer to shore and on what is now the Port au Port 

Peninsula, Table Head Group strata record an episode of deformation and basin deepening 

thought to be in response to crustal loading  (Stenzel et al., 1990).  Soon after, Taconic thrusting 

detached and carried large slices of deep marine strata and oceanic crust onto the older shallow 

marine carbonate platform.  

Today, a distinctive structural boundary (the Appalachian Structural Front, and also known as 

Logan=s Line), extends from near Quebec City, down the St Lawrence River, through the Straits 

of Belle Isle and into the North Atlantic (Figure 9).  This separates all of the essentially 

undeformed St Lawrence Platform rocks in the west from their transported, deformed and 

metamorphosed counterparts, and now known as the Humber Zone, farther east (St Julian and 

Hebert, 1975; Williams, 1995).   

From structures and metamorphic gradients, the Humber Zone is divided into External and  

Internal Subzones (Waldron et al., 1998).  The External Humber Zone is unmetamorphosed and 

weakly metamorphosed strata that may, at least in part, remain as a zone of hydrocarbon 

prospectivity.  Farther east, and towards the next adjacent tectonostratigraphic domain, the 

Internal Humber Zone is significantly deformed metamorphic rock of the greenschist and 

amphibolite facies (Waldron et al., 1998).   

The eastern limit of the Humber Zone is a shear zone known as the Baie Verte - Brompton Line 

(Figure 9), and a place where deformed and metamorphosed sedimentary rocks lie adjacent to 

volcanigenic oceanic crust and ophiolites (Williams and St Julien, 1978).  In addition, some of 

these allochthonous rocks, and other ophiolitic successions have become detached from their 

oceanic source to become far travelled thrusts laying upon External Humber Zone and near 

platform carbonates on the shore of the Gulf of St Lawrence.   

Over the course of decades and with involvement of many researchers, the Paleozoic geology of 

mountain building in Newfoundland, in particular, and Atlantic Canada, in general, is now 

divided into 5 major tectonostratigraphic divisions, each representing a part of the Appalachian 
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Figure 9: Regional tectonostratigraphic setting of eastern Canada modified slightly from maps 

published by Lavoie et al. (2003), and Hannigan and Dietrich (2012).  The eastern margin of the 

Anticosti Basin on the coast of Newfoundland is the site for significant petroleum exploration for 

structural and stratigraphic traps in carbonate and clastic strata, hydrothermal dolomite, and 

unconventional shale oil deposits.  Named fault systems on tectonostratigraphic domain 

boundaries may be important controls on Carboniferous petroleum systems. 
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Orogeny (Williams, 1995).  Essentially, flat-lying, undeformed St. Lawrence Platform rocks 

become a part of the deformed and metamorphosed Humber Zone strata, the first of the five 

major tectonostratigraphic divisions defining the Paleozoic Appalachian mountains (Williams, 

1979; 1995).   The remaining four zones, known as Dunnage, Gander, Avalon and Meguma 

physically delineate the suturing of ancient oceanic crust from Iapetus and slices of other 

continents (e.g. Africa, and Avalonia) that are now a part of North America (Figure 9).  

These outlying tectonostratigraphic zones figure prominently in the basic geology and 

development for younger, Carboniferous sedimentary basins discussed elsewhere in this report, 

but, in general, it is the tectonism associated with the movement of the allochthons and suturing 

of Dunnage Zone terrain that plays a larger role in determining the petroleum prospectivity of the 

Anticosti Basin.  A significant amount of the folding and faulting associated with trapping and 

maturing of Paleozoic hydrocarbons can be traced to Taconic, Acadian and Alleghenian 

orogenesis.  These events also pose a considerable risk with respect to metamorphism, 

destruction of hydrocarbons, and to fracturing and destroying the integrity of reservoir seals.  

Data quality and quantity 

There is more than 2000 references captured in our search of all Anticosti Basin geology and 

geophysics studies, and directly or indirectly tied to Newfoundland and Labrador strata.  In this 

number fewer than 10% are historic pre-1960 papers.    

Our collection contains 200 major and final assessment reports filed with the the provincial 

government.  They show significant interest in Pb/Zn exploration, marble, and industrial 

limestone.  A few of the pre-1960 assessment documents are focussed upon hydrocarbons in 

sediments and copper from igneous strata. 

Nearly one-third of the Anticosti reference base (633 reports) and the single largest area of 

research is paleontology and biostratigraphy.  Trilobites (165), graptolites (141) and conodonts 

(140) form more than two thirds of the paleontology reports.  These are the fossils that form the 

worldwide standard for dating and correlating Cambrian and Ordovician strata.  In contrast, 

fewer  than 10% of the paleontology reports address palynology (chitinozoa and acritarchs), an 

otherwise useful proxy for age, environment, source rock quality and thermal maturation 
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analyses for cores and cuttings.   

Structural geology contributes more than 20% of research and applications papers and 

presentations (444), with fewer than 10% as historic documents.  Topic areas cover a spectrum 

of items from plate tectonism to cleavage analyses, and with many generally directed towards 

improving our understanding of the assembly of the tectonic regimes (e.g. Allen et al., 2009).  A 

smaller number of papers address the geology of reservoir size structures (e.g. Knight and 

Boyce, 2000; Gillis et al., 2004; Lavoie and Chi, 2007).  

Very few of the 370 geophysical studies identified in this survey are more than 50 years old.   In 

fact, most of the geophysical data directly related to the Anticosti Basin are less than 30 years 

old.  Specifically, there are 140 reports covering crustal magnetism and including 16 new 

aeromagnetic surveys of the Gulf of St Lawrence adjacent to western Newfoundland (Dumont 

and Jones, 2013a - p).  Resolution achieved in some of these new surveys can be very high, and 

allow beds or other stratigraphic markers to be traced long distances (Waldron et al., 2002).   

There is 52 geophysical reports on gravity analyses of the crust.  Eight of these are Abstracts for 

conference presentations, and 4 others are unpublished thesis studies.  Many of the remaining 

reports are concerned with regional assessments of basement conditions (e.g. Marillier and 

Verhoef, 1989), and a smaller subset of 8 older reports are measuring gravity over ore bodies 

(e.g. Collins et al., 1970). 

Federal Government reports as recent as Pinet et al. (2009) cite more than 40,000 line kilometres 

of Apoor quality@ seismic surveys in the Gulf of St Lawrence.  Some of these seismic lines for the 

Anticosti Basin are summarized in the 200 reports collected for this survey.  A surprising 

observation rests with the knowledge that over 50 of these Aseismic@ reports are simply abstracts 

for papers presented at conferences, and another 8 files are promotional materials from 

government land sales.  

A substantial body of literature exists to describe the petroleum system for this basin and for its 

parts.  There are 257 reports on source rock and 208 on thermal maturation, 288 reports on 

reservoir rocks, 121 on seal rock and 295 on timing.  The critical missing link is recognition and 

measurement of porosity and permeability for transport and storage of hydrocarbons.  Only 70 
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papers with reference to those attributes appeared in our compilation.  

Petroleum System Elements 

Source Rock and Maturation  

This is a broad topic area and one where the combined source and maturation topics generate 286  

distinct  papers that address one or another aspect of Anticosti Basin source rock and thermal 

maturation.  More than 30% of these papers are simply abstracts or historic documents with little 

or no numerical data.  Another 10% are clearly promotional materials from industry and 

government sources and citing other primary research. Other papers addressing source rock and 

maturation may contain a variety of information derived from mineralogy (Azomani et al., 

2013), fluid inclusions (Conliffe et al., 2009), fission tracks (Stockmal et al., 1995a; 1995b), 

organics (Fowler et al., 1995) and fossils (Williams et al., 1998). 

There are two significant episodes of source rock generation in the Anticosti Basin.  The middle 

Cambrian through lower Ordovician Green Point Formation (Fowler et al., 1995) at Cow Head 

and on the Port au Port Peninsula, can be a very rich (>10% TOC)  Type I/II, dark, organic shale, 

laying at the bottom of the oil window and in the zone of gas condensates (Cooper et al., 2001; 

Dietrich et al., 2011).  Elsewhere on the west coast of Newfoundland, correlative beds of the 

Cooks Brook Formation also contain source rocks with more than 2% TOC (Burden et al., 2005). 

The second confirmed source rock interval is middle and upper Ordovician foreland basin shale 

of the Black Cove Formation of western Newfoundland (~1.5% TOC) and in younger rocks of 

the Utica/Macasty formations of Anticosti Island (up to 7.1% TOC) - Dietrich et al. (2011).  To 

date, Winterhouse Formation strata from the Port au Port Peninsula have not shown TOC values 

to indicate any source rocks ever developed in these otherwise correlative rocks of the Utica 

Formation.   

Oil seeps and stain identified from many other Cambro-Ordovician strata from western 

Newfoundland (Hicks, 2009) may yet indicate other source rock beds in the allochthon and 

autochthon (Figure 10).  No comprehensive and systematic study of potential and probable 

source rock has ever been produced for all the Paleozoic basins on and around Newfoundland. 
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Porosity and permeability 

There are 70 reports identified as containing information relating to porosity and permeability.  

Within this number are 17 Abstracts, 5 graduate theses, and 7 promotional summaries from 

industry and government sources.   

For the remaining 40 papers, many of the studies examine the physics and chemistry of dolomite 

as a mineral that may generate porosity (e.g. Lynch and Trollope, 2001; Lavoie et al., 2005).  

Comparatively few of these 40 papers actually address physical measures for porosity and 

permeability or on styles of change for these properties in the subsurface.  Be it primary or 

secondary porosity of fossils and lithoclasts, or brittle fracture porosity from burial and 

tectonism, there is a general lack of knowledge of physical properties for mechanically and 

diagenetically altered clastic and carbonate rock in western Newfoundland.  This is a very real 

exploration risk. 

One small and new contribution to this compilation of research comes from a set of figures from 

the recently completed Nalcor et al. - Finnegan well at Parsons Pond (Table 3).  Rocks from the 

target area are very indurated, and with very low porosity and permeability values.   

Traps, Seals and Reservoirs   

Over 450 papers and reports cover many aspects of the variety of possible traps, seals and 

reservoirs that might exist in this basin.  Under appropriate circumstances, hydrothermal 

dolomitization can generate porous and permeable zones along faults and unconformities 

(Lavoie et al., 2003).    Elsewhere in this basin clastic strata can be their own source, reservoir 

and seal in conventional and unconventional shale hosted deposits (Burden et al., 2005; Hicks et 

al., 2010).  Seals can also be related to faulting during rifting, reactivation of faults during the 

Taconic and younger orogenies, or simply diagenesis from burial.  The limited numbers of 

exploration programmes and tests that have been conducted in this basin can be viewed as an 

opportunity to develop other exploration strategies. 
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Figure 10: Map of hydrocarbon occurrences in western Newfoundland (From Hicks, 2009).  

Many of these stations cannot be correlated to any documented hydrocarbon source. 
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Table 3: Porosity and permeability analyses on sidewall cores from the Nalcor et al. 

Finnegan well and showing tight, impermeable strata (from Provincial Government 

Natural Resources web site). 
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Potential Plays in the Anticosti Basin 

Pinet and Lavoie (2007), Lavoie et al. (2009) and Dietrich et al. (2011) offer 6 petroleum plays 

in or above the St Lawrence Platform and adjacent Humber Zone.  Five of their plays rightly 

belong in the Anticosti Basin; their sixth play in younger foreland basin sandstone and limestone 

may be sourced from hydrocarbons migrating from older strata.  Their petroleum systems events 

chart (Figure 11) and our slightly modified vied of their potential plays (Figure 12) builds upon 

their work and introduces some other possible variants in strategy for this region. 

Cooper et al. (2001) and Lavoie (2009) recognise that significant porosity attributed to secondary 

dissolution of carbonate cements can develop in Hawke Bay Formation and Potsdam Group 

sandstones of the platform successions.  Under appropriate structural conditions, these beds may 

become traps for migrating hydrocarbons. 

Two hydrothermal dolomite plays, and nominally associated with the Tremadoc Boat Harbour 

disconformity and the Floian St George Group unconformity, contain significant porosity and 

permeability (Cooper et al., 2001).  At Garden Hill, the Aguathuna formation is a major 

hydrocarbon discovery for this region. 

Cambrian sandstones of the Laurentian margin, and now a part of the Humber Zone also have 

reservoir potential.  Burden et al. (2005) report oil saturated sandstones from Blow Me Down 

Brook formation turbidites from western Newfoundland outcrops, and with Dietrich et al. (2011) 

reporting gas in Cambro-Ordovician sandstones from Quebec.  

Much younger flyschoid, turbiditic sandstones of the Goose Tickle Group on the Port au Port 

Peninsula can carry a petroliferous odour.  It is unclear whether this is a result of an active 

petroleum system or simply traces carried into these rocks from the Green Point oil shales laying 

a short distance away and beneath these beds.  

In Newfoundland, Winterhouse Formation strata may carry a petroliferous odour in some of the 

fine-grained sandstone beds, but are generally unappealing next to their Quebec equivalents in 
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 Figure 11: Petroleum system chart, as a slightly modified composite of two charts in Lavoie et 

al. (2009), and showing Cambrian clastic and Ordovician dolomite reservoir strata with Cambro-

Ordovician source rocks.  Additional opportunities may yet be found in Cambro-Ordovician 

clastics and carbonates of the allochthon.  A critical feature not addressed is the seal rock. 

 

Figure 12: A modified version of a figure from Pinet and Lavoie (2007) and  Dietrich et al. 

(2012), and meant to schematically show the 6 petroleum plays for the Anticosti Basin.  Our 

modifcation shows additional variation in the deformed parautochthonous platform (4) and the 

allochthon (5) to accommodate multiple sandstones from different settings. 
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the Macasty Formation of Anticosti Island.  For strata beneath the Gulf of St Lawrence, it 

remains to be seen where the organic matter, source rock characteristics become more promising 

Summation 

The body of data for the Anticosti Basin is much larger than that for the other Paleozoic basins in 

this region.  For onshore regions in particular, much is known about the age, sedimentary 

environments, plate tectonic assembly and deformation of the platform and Humber Arm 

Allochthon.  A much smaller quantity of data is available to explain potential hydrocarbon 

systems and to direct exploration programmes. A play strategy involving dolomitic beds on or 

about the St George Unconformity has shown some success on the Port au Port Peninsula.  It is 

still too early to say whether this is a unique play or part of a spectrum of other similar, 

dolomitic, and unconformity bound structures that may be found in other parts of the basin.  

Some Cambrian sandstone does contain significant porosity (Cooper et al., 2001; Lavoie, 2009) 

and may also be oil saturated (Burden et al., 2005).  To date, exploration has not seriously 

addressed the possibility for clastic plays in Cambrian shelf sands or Cambro-Ordovician 

turbiditic flysch.  With land based records as our only comparative data, little is actually known 

of the source rock and potential reservoirs laying beneath the Gulf of St Lawrence.  A 

significant, well known, yet largely unstudied risk for this region rests with determining the 

sealing capacity for cap rock.  
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MAGDALEN BASIN - BAY ST. GEORGE SUB-BASIN 

Introduction 

The Magdalen Basin beneath the Gulf of St Lawrence (Figure 13)  is the central core of the 

Carboniferous and Permian Maritimes Basin, a complex Late Paleozoic tectonostratigraphic 

domain of largely transtensional successor basins covering an area of more than 250,000 km2 

(Giles, 2008; Hu and Dietrich, 2010).  Here, a generally common onshore stratigraphy from New 

Brunswick, Nova Scotia and Prince Edward Island forms a reference for all other regional upper 

Paleozoic studies across Atlantic Canada, and in particular the poorly documented Sydney and St 

Anthony Basins (Figure 14).  In fact, and including other nineteenth century studies of North 

American strata (e.g. Jukes, 1842 - for Newfoundland), this common pattern for sedimentation, 

and namely a thick succession of clastics, carbonates, evaporites, coal and clastics becomes the 

basis for differentiating all lower and upper Carboniferous in western Europe and the 

Mississippian and Pennsylvanian in North America (Gibling et al., 2008).  Across this entire 

trans-Atlantic region these rocks are well known for industrial (halite, gypsum), metallic (Pb, Zn) 

and energy minerals (U), coal deposits and oil and natural gas fields.    

Hydrocarbon exploration activity in the Magdalen Basin in mainland Canada certainly goes back 

to the nineteenth century with attempts at commercializing oil seeps in outcrops and later, oil 

shale deposits from Mount Albert, New Brunswick (Macauley, 1984).  Some modest success 

came in 1909 when conventional oil was discovered and developed at Stoney Creek, New 

Brunswick (Dietrich et al., 1911).  Between then and now, several hundred shallow and 

unsuccessful exploration wells have been drilled across New Brunswick and in the search for oil 

(Lavoie et al., 2009).   

In 2000, and nearly a century after the Stoney Creek discovery, a significant gas discovery (> 1 

Tcf)  led to the development of the McCully gas field in southeastern New Brunswick.   

Subsequent drilling in the same area (South Branch G-36), and cited on the Corridor Resources 

website (2014) as the Caledonia field, suggests the possibility of a large Carboniferous resource 

that may require stimulation before commercial production rates can be achieved.  
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Figure 13: The concept of a Late Paleozoic Maritime Basin (yellow) emerged from isopach 

mapping onshore strata of New Brunswick, Nova Scotia and Prince Edward Island.  The moniker 

has grown to become a regional tectonostratigraphic domain including many Late Paleozoic 

successor basins (labelled) that formed in eastern Canada from plate motions during and 

following the Alleghenian Orogeny. Figure adapted from Lavoie et al. (2009); Hu and Dietrich 

(2010). 
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Figure 14: Summary stratigraphic correlation of sedimentary basins of the Late Paleozoic 

Maritimes Basin Tectonostratigraphic Domain.  Formations of the St Anthony and Sydney 

basins are a mix of formal names from outcrop and informal names derived from inferences from 

limited submarine and subsurface data.  Compiled from Hyde (1982), Knight (1983), Utting 

(1987), Hamblin et al. (1995), Hamblin et al. (1997), Lavoie et al. (2007);  Utting and Giles 

(2008); Giles (2009); Dietrich et al. (2011), with ages from Richards (2013).  
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Offshore exploration and drilling of the Gulf of St Lawrence began in the early 1940's (Dietrich 

et al., 2011).  By the early 1980's, Lavoie et al. (2009) report more than 50,000 km of seismic 

surveys were completed and three rounds of offshore drilling (1965, 1970-74, and 1980-83) 

discovered one large but subeconomic gas deposit in the East Point E-49 well off the coast of 

Prince Edward Island (Figure 15).  While significant as possible analogues for Newfoundland 

geology and exploration models, none of the 15 exploratory holes are in the jurisdiction 

administered by the Canada Newfoundland and Labrador Offshore Petroleum Board. 

In Newfoundland, and throughout the latter half of the nineteenth century and into the middle of 

the twentieth century, our survey of government open files and other reports suggest very little 

petroleum exploration was conducted on Carboniferous strata of the onshore parts of the 

Magdalen Basin (Hayes and Johnson, 1938; Fleming, 1970).   In contrast, mineral exploration 

programmes show a history of significant and continuing interests in exploring Cu/Pb/Zn/ 

deposits in black shales and hydrothermal vein minerals (Knight, 1983; Hyde, 1990).  Proven 

and probable mineral deposits include gypsum, anhydrite, halite, sylvite, barite and celestite. 

In the mid 1950's the Provincial government sponsored a programme to drill and delineate the 

Flat Bay gypsum and anhydrite deposit (McKillop, 1957).  During that work, some of the cores 

collected from the proposed mine site contained fractures leaking oil from evaporitic rocks and 

from conglomerate beneath the gypsum deposit.  By the early 1970's and in conjunction with 

renewed exploration efforts in the Gulf of St Lawrence, Brinex partnered with Union Oil to drill 

a stratigraphic test on the crest of a large anticline in the Anguille Mountains.  At about 2300 m 

when it was plugged and abandoned, the Union Brinex Anguille H-98 well sampled a thick 

section of lithified and indurated red bed sandstones (Harris, 1973)  

Over the last 15 years Vulcan Minerals acquired a mineral and petroleum exploration licence for 

areas near the now abandoned quarry where trace oil was discovered.  Shallow boreholes 

confirmed reports from the 1950's and indicate that some parts of a Carboniferous hydrocarbon 

petroleum system remain (Smith, 2007a; 2007b; 2007c).   Elsewhere in this onshore area, Vulcan 

Minerals recently released basic data on other suspended wells with hydrocarbon shows (Halley, 

2011a; 2011b). 
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Figure 15: Outline of the general shape and fill for basins of the Maritimes Basin 

tectonostratigraphic zone (from Lavoie et al. 2009).  The fan-like system of radiating and 

probably deep seated  faults from the margin of the Moncton Basin in the south and the head of 

St George=s Bay in the north define a part of the basin known as the Maritime Rift and described 

as a zone of strong post orogenic strike-slip faulting in Hall et al. (1998).  These faults tend to be 

in close proximity to major early Paleozoic plate boundaries. 
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Data quality and quantity 

The database for the Bay St George Sub-basin of the Magdalen Basin holds close to 700 

references on geology, geophysics and resources.  A surprisingly large number of these reports 

(> 20% ), and particularly those involving geology, paleontology, coal, and mineral exploration, 

are more than 50 years old. 

In contrast, very few of the 177 geophysical studies reported in this compilation are more than 50 

years old.  About 50 of these geophysical reports directly address or refer to gravity analyses of 

the crust.  These are studies to show anomalies suggesting salt and gypsum deposits for mineral 

and petroleum exploration and for faulting of Paleozoic and older crust (Miller et al., 1990; 

Wiseman and Miller, 1995; Zsamboki, 2012).  In addition, there are nearly 90 research papers 

that address some aspects of magnetometer and EM surveys and with many new maps recently 

published (e.g. Cook and Kilfoil, 2009; Dumont and Jones, 2013a - g); all provide very clear 

indications of strata, basement structures, and tectonic terrain boundaries. 

Seismic lines for St Georges Bay and for onshore regions are summarized in more than 80 

reports.  Shallow seismic (e.g. Hall et al., 1992; Langdon and Hall, 1994) and deep seismic 

studies (e.g. Marillier et al., 1989) clearly show large exploration targets (e.g. Old Harry) in St 

Georges Bay and very thick sediment in the deepest part of the Magdalen Basin.  Elsewhere in 

the area, basement crust, mantle, regional structures, fabrics and plate sutures are seen (Hall et 

al., 1998).  Very little of this seismic data represents any of the onshore regions. 

For our selective review of wells, well reports and drill holes held in Provincial Government 

assessment files and other publications, there are 170 files identified.  In this number, nearly 20% 

are historic, pre-1960 assessments for coal and other industrial minerals.  Other reports 

containing some compiled data from earlier studies are designed to promote exploration 

opportunities in the region (e.g. Fleming, 1970; Enachescu, 2006a; 2006b; Hicks, 2010).  Our 

own sample of some of the longer and more comprehensive front line drilling reports contains 

100 significant references including 59 borehole logs and other analyses of strata (e.g. reports 

describing, coal quality and quantity, memos on oils and seeps, Reid lot exploration 

programmes, and files on uranium, potash, gypsum, and anhydrite claims).   Many of the 
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remaining reports sampled from the Provincial Government files are pure and applied research 

studies with stratigraphic sections, analyses and discussions (e.g. Knight, 1983; Soloman, 1986; 

Rehill, 1996). 

Generalized geological assessments for strata and age include more than 100 published scientific 

studies using paleontology of plants, pollen and spores, conodonts, corals, bryozoans, and 

microbial mounds to offer insight into the age and sedimentary environments; many of these 

reports are more than 50 years old.  Specifically, these works tends to concentrate on areas and 

formations where fossils are more common (e.g. Ship Cove Formation, and muddy, coal bearing 

strata).  Elsewhere across the onshore region, many of the rocks are oxidized terrestrial deposits 

and evaporites and not normally favourable environments for fossil preservation.  Large gaps in 

biostratigraphic coverage in Carboniferous strata in Newfoundland and Labrador affect our 

understanding of sedimentation histories and local and regional correlations.  Any new fossil 

discoveries are likely to be significant. 

There are more than 90 source rock and thermal maturation reports for the onshore St. Georges 

Bay Sub-basin.  Many of these reports are simply parts of other studies and may contain few or 

no original analyses.  Others (>15%) are historic accounts on coal, and offering some 

information on coal grade (Howley, 1917).  Two nearly identical vitrinite reflectance maps from 

Hacquebard and Donaldson (1970) and Rehill (1996) suggest few refinements to the thermal 

maturity work since Knight (1983) Soloman (1986), Utting (1987) and Hyde et al. (1991) 

completed their studies.    A single analysis of mature, undegraded  Flat Bay #1 oil by Fowler 

(1996,) and included as Appendix B in Brett (1997), indicates a Carboniferous lacustrine source. 

Over 100 papers address basic principles of the structural geology of this basin.  While important 

for regional assessments, a great many of these reports have little to do with specifics of a 

petroleum reservoir and the timing for the hydrocarbon charge.  Fewer than 40 reports address 

one or more aspects of sediment diagenesis, porosity and permeability, and traps.  Today, and to 

their credit, some of the exploration companies are routinely conducting porosity and 

permeability assessments on cores (eg. Stuckless, 2012).  This will have significant bearing on 

our understanding petroleum systems, trap location, hydrocarbon charge and recovery strategies. 
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Regional Geology, Tectonics, and Stratigraphy  

In overall shape, the Magdalen Basin is an irregular trapezoid, broadly distributed across the 

Gaspé region of Québec, New Brunswick, Prince Edward Island and Nova Scotia, and narrowing 

to become a more elongated feature beneath the Gulf of St Lawrence and through St George=s 

Bay (Figure 15).   

With local topography and structure as complicating factors, the overall general pattern for 

sedimentation is distinctively asymmetric from the erosional edges in Gaspé, New Brunswick 

and Nova Scotia, and beneath the northwest Gulf of St. Lawrence.  From this unconformity, the 

overlying Carboniferous strata onshore thicken into the Gulf of St Lawrence, becoming more 

than 10 km thick beneath the Magdalen Islands and on into Bay St George where Carboniferous 

strata may be as many as 8 km thick (Figure 15).    Immediately east of the Magdalen Islands and 

on the depositional centre for this basin, the total fill onto what is perhaps Acadian or older 

basement exceeds 12 km  (Durling and Marillier, 1993).   

Major sutures defining lower Paleozoic plate boundaries, and figuring prominently in Taconic 

through Acadian orogenies, form eastern and southern margins to the Magdalen Basin.  In the 

northeast along the west coast of Newfoundland, a network of converging fault systems, 

variously known as the Cabot Fault - Baie Verte Line, clearly differentiate the ancient margin of 

North America (the Humber Zone) from the volcanigenic oceanic crust of Iapetus (the Dunnage 

Zone) to the east.  On the southern boundary for the basin, another major fault, the Cobequid-

Chedabucto Fault, is the suture for the Avalon and Meguma terranes (Figure 16).   

In the late Devonian and early Carboniferous, crustal rifting, and reactivation of old faults on 

early Paleozoic terrain boundaries generated accommodation space for Carboniferous fill and 

networks of new synsedimentary faults.  In total, the zone of thick sediment and faults in the 

eastern half of the Magdalen Basin delimits a feature known as the Maritimes Rift, an area 

considered to be the zone of maximum crustal extension and sag (Belt, 1969; van de Pol et al., 

1995).  Hall et al (1998) illustrate and describe this region as a zone of Astrong post-orogenic 

strike-slip faulting@.   
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Figure 16: Lower and Upper Paleozoic tectonostratigraphic domains and important boundaries.  

Oil (green) and gas (red) fields and undrilled targets (white) are labelled circles (MC - McCully, 

SC - Stoney Creek, EP - East Point E-49, OH - Old Harry).  Modified from maps published by 

Lavoie et al. (2003), and Hannigan and Dietrich (2012) 
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As a focal point for thick sediment deposits, the Maritimes Rift holds massive salt and gypsum 

deposits that have flowed to create salt diapirs and salt withdrawal zones above Horton or 

Anguille Group strata (Figures 17 and 18).  Some of these diapirs have been drilled.  One well, 

East Point E-49, is a large, sub-economic gas discovery.  Another, nicknamed AOld Harry@, is a 

massive salt dome laying off the west coast of Newfoundland.  

The youngest strata of the Magdalen Basin are Late Carboniferous and Early Permian Pictou 

Group, coarse and fine clastics, coal, and red beds, formed in non-marine fluvial-deltaic settings 

and later deformed by minor latest Paleozoic and Jurassic tectonism.  In deeper parts of the basin 

in the Gulf of St Lawrence, these beds can be more than 4 km thick. Hu and Dietrich (2010), 

building upon earlier work by Gibling et al. (2000), Martel and Durling (2002) and Chi et al. 

(2003), indicate that wide ranges in porosity and permeability in these beds might have an impact 

upon reservoirs and seals.  Nevertheless, in their assessment, Hu and Dietrich (2010) suggest that 

Upper Carboniferous strata Amay be the most prospective in the study region@   

Petroleum System Elements 

Source Rock and Maturation 

Under search words Asource rock@ and Athermal maturation@, about 100 papers, reports and 

presentations are identified.  Amongst this number, about 15% are historic documents and 

another 20% are compilations, reviews, and promotional materials that may include data from 

other published or unpublished studies.   

Coal and palynology studies for source rock age, quality and maturity are captured in reports by 

Hayes and Johnson (1938), Hayes (1949), Hacquebard and Donaldson (1970), Solomon and 

Hyde (1985), Soloman (1986), Utting (1987), Hyde et al., (1991), Mossman (1992), Rehill 

(1996), Williams et al. (1998), and Fowler (1996) - in Brett (2001).  In total, there is not a large 

number of analyses described.   Type III, coaly, and gas prone material is dominant over Type I, 

oil prone, lacustrine strata (Mossman, 1992).  A regional maturation map (Figure 19) does not 

differ in any substantive way from work by Hacquebard and Donaldson (1970).  Late 

Mississippian and Pennsylvanian strata on the northern and eastern rim of the basin are 



 
 49 

 

Figure 17: The Maritime Rift zone outlined in in pale blue is a region with very thick 

sedimentary cover significantly deformed by transtensional and transpressional faults.  Evaporite 

deposits in this rifted region are modified as diapirs and salt withdrawal areas.  Well locations on 

or adjacent to salt diapirs are mostly dry and abandoned.  One significant gas discovery (#3 - 

East Point E-49) is subeconomic.  The Old Harry Structure is reported as a promising target for 

up to 5 bcf of natural gas (Bourque, 2004).   Sections A and B are in Figure 18.  Map from 

Dietrich (2009) is derived from Langdon and Hall (1994), and Durling and Martel (2004). 
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B 

 

Figure18: Interpreted seismic lines (A) from Dietrich et al. (2009) and (B) from Durling and 

Marellier (1994) showing thick sediment cover in the Maritime Rift zone tectonically deformed 

and intruded by salt diapirism.  Note the 2X difference in vertical and horizontal exaggeration in 

basin width and depth between A and B. 
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Figure 19: Vitrinite reflectance distribution map for the Magdalen Basin from Lavoie et al. 

(2009) and based upon work by Hacquebard and Donaldson (1970).  In Newfoundland, work by 

Utting (1987) and Burden (unpublished) indicates that rocks at Codroy, and west of the Anguille 

Mountains are overmature and likely in the Gas Window. 
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immature to marginally mature rocks just entering the oil window.  In contrast, and perhaps also 

confirming the limited number of studies for this area, Utting (1987) and Burden (unpublished) 

report darkened spores on the southwest coast of the island, and indicating mature, gas prone 

rocks; Mississippian and Pennsylvanian strata are at or below the bottom of the oil window.  

Across this  region, the major fault systems should also be considered major structural 

boundaries separating distinctive regions with different burial histories and complex regional 

patterns for thermal maturation.  

One other report pointing to additional complexity to the pattern of thermal maturity is found in a 

short report by Fowler (1996) and contained in the well site report for the Flat Bay #1 test hole 

(Brett, 2001).  In it, Fowler describes the chemistry for a Amature, unbiodegraded, lacustrine@, 

Type I oil trapped in upper Anguille conglomerate and sandstone immediately below Codroy 

Group carbonates.   No lacustrine source rocks are directly known from the Flat Bay area.  The 

nearest outcrops for source rocks, on another large structure many kilometres to the south, 

belong to the lower Anguille, Snakes Bight Formation,.  Other source rock beds should be 

present down dip from the Flat Bay site and beneath St Georges Bay. 

Porosity and permeability 

To their credit and in this last round of activities, some of the companies working on the shore of 

St Georges Bay have generated real and synthetic porosity and permeability measurements from 

cores and geophysics.  In addition, industry and government scientists have examined large 

collections of older samples and geophysical well logs from the mainland of Canada and other 

offshore areas.  A key part of this list of assessments is the work of Bibby and Shimeld (2000), a 

massive compilation of porosity and permeability data for Maritimes Basin strata from mainland 

Canada.  Their study and later work by Chi et al. (2003), Lavoie et al. (2009) and  Hu and 

Dietrich (2010) now show general patterns for changes in porosity with depth and can flag 

specific horizons where porosity and permeability are above normal by secondary dissolution of 

calcite cements.  In their summation, Hu and Dietrich (2010) concluded that most of the 

enhanced reservoir quality in the Maritimes Basin wells is likely related to secondary porosity 

development, and with strata from the northern part of the basin being slightly more mature 

(Martel and Durling, 2002). 
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In Newfoundland and Labrador, porosity and permeability measurements are not anywhere near 

as commonly collected.   The values for Flat Bay Test Hole #7 (Figure 20) show some of the 

variability for petroliferous Anguille Group strata in comparison with other wells and formations 

of the Gulf of St Lawrence and the Deer Lake Basin.  In Flat Bay Test Hole #7, porous and 

permeable strata that contain oiled fractures are in many respects similar in physical attributes to 

Pictou Group sandstones found farther offshore and perhaps better than the McCully Gas Field in 

New Brunswick.  With the data reported here, the interval examined at Flat Bay is apparently 

suitable for conventional exploitation.  

Traps and seals  

Late Paleozoic depositional and structural history including strike-slip faulting in wrenched 

foreland basins with subsequent basin inversions provide many opportunities for stratigraphic 

and structural traps to form (Bradley, 1982; Durling and Marillier, 1983; Lavoie et al. 2009). 

Evaporite deposits of the Windsor and Codroy groups are characteristic and widespread deposits 

across much of this region and where they may become effective seals for underlying strata.  In 

the offshore, seismic imaging of salt and gypsum show this to be a common seal in some sub-

evaporite plays.  Sealing capacity does become an issue if salt diapirism compromises the 

integrity of overlying strata that may otherwise be potential targets (e.g. Old Harry).   

The Flat Bay prospect provides some interesting insights into problems and opportunities that 

may only be resolved with more exploration and drilling.  The reports show (a)  the seal at the 

top of this reservoir is tight and impermeable, well cemented,  sandstone and conglomerate 

described as containing calcite and traces of pyrite (Brett, 2001); (b) the underlying slightly more 

porous and permeable reservoir is created from secondary dissolution of calcite, and: (c) the 

reservoir sands apparently thicken to the west and into Bay St George.   At this point little can be 

confirmed  about the local and regional distribution of this porous zone, where the dissolving 

fluids travelled, and whether thicker, more porous horizons are a regional or local attribute of 

sandstones laying beneath evaporites at the head of St Georges Bay.  In this region, seals and 

traps are largely unknown opportunities. 
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Figure 20: Comparison of measured porosity and permeability samples from Flat Bay Test Hole 

No 7 (Stuckless (2012); St Georges Bay Sub-basin – Black star) and Western Adventure No. 1 

(Brooker (2003); Deer Lake Basin – Blue star) with compiled data reported in Lavoie et al. 

(2009) and Dietrich et al. (2009).  Previously published data from the Pictou Group has been 

refigured with symbols to clearly separate stratigraphy and wells.  The Flat Bay and Western 

Adventure rocks apparently fall within strata considered acceptable conventional reservoir rocks.
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Potential Plays in the Magdalen Basin (Bay St. George Sub-basin) 

Lavoie et al. (2009) and Dietrich et al. (2011) suggest clastic and carbonate plays retain 

significant potential for success in this basin.  With the producing Stoney Creek and McCully 

fields as commercial successes, other Horton and Anguille group strata from alluvial, fluvial, and 

lacustrine settings will likewise show significant variations in grain size and matrix with ample 

opportunity for reservoir and seals to form. Calculated porosity-depth plots for Horton Group 

sandstones presently buried up to 4 km show many of these rocks can retain more than 7.5% 

pores, therein indicating strata can be treated as conventional reservoirs (Hu and Dietrich, 2010).   

For charge, lacustrine Type I and II source rocks of the Mount Albert and Snakes Bight 

formations are relatively widespread across many parts of the basin and in diverse settings 

where, according to burial depth, they can generate oil and gas. Structures on and adjacent to the 

Maritime Rift in St George=s Bay may include anticlines and tilted fault blocks generated in 

transpressional and transtensional domains.  However, it is unclear whether much, if any,  

Anguille rock is present at the head of St Georges Bay.  Nevertheless, a promising sign rests with 

the lacustrine signature for oil from shallow holes drilled near the coast (Fowler in Brett, 2001). 

A second exploration strategy indicated by Lavoie et al (2011) offers Mississippian Ship Cove 

Formation carbonates of the Codroy Group as prospective targets that can form biohermal 

structures as much as 5 km in length and 2 km wide.  Evidence in Nova Scotia, provided by 

Giles (1981) shows Mississippian reefs are locally developed upon faulted topographic highs.  In 

western Newfoundland, outcrops of porous and permeable bryozoan reef rock with a strong oily 

smell are located along inversion structures on the shore of Bay St George (Burden pers. 

observ.).  In subsurface settings (offshore?), where folding and faulting can generate traps, the 

development of porous and permeable Ship Cove reservoirs rocks will be sealed with Codroy 

Road Formation halite and gypsum. 

For Newfoundland and Labrador, upper Mississippian and Pennsylvanian sandstone plays are 

likely to be entirely offshore where thick beds of Pictou Group strata lay upon Codroy Group 

evaporites.  Salt diapirs and withdrawal features have generated many structures in the general 

area of Bay St George and the eastern edge of the Gulf of St Lawrence.  Reservoir rocks are 

likely to be fluvial sandstones equivalent to the Cumberland and Pictou groups (Dietrich et al., 
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2011).  One of the larger features, known as AOld Harry@ lies off the southwest coast of 

Newfoundland.  If oil is present, reserve estimates are as much as 2 billion barrels recoverable. 

Summation 

The Bay St George Sub-basin and adjacent St Georges Bay are two distinctive aspects of the 

complex evolution of this part of the Maritimes Basin Tectonostratigraphic Domain.  Early on, in 

the late Devonian or early Mississippian,  rifting and subsidence on and about older Early 

Paleozoic terrain boundaries partitioned what is now Atlantic Canada into new and distinctive,  

intracontinental sedimentary basins.  The Magdalen, Sydney, Deer Lake and St Anthony basins 

each hold broadly similar sedimentary successions (clastics, carbonates, evaporites, coal and 

clastics) determined by their paleo equatorial position but differing through variations in 

connected local and regional tectonic events.  With subsidence and burial some Mississippian 

source rocks of the Mount Albert and Snakes Bight formations gradually approached or entered 

the oil window.  Variations in the intensity of Late Paleozoic rifting, transpression and basin 

inversion across the region, indicates there is no single model for predicting if or how a 

petroleum stystem might operate.  Each of the regional sub-basins, horsts or graben complexes 

has to be addressed separately.  Specifically, the onshore strata in western Newfoundland have a 

different history of formation and inversion from their offshore counterparts.   

Key risks remain in determinations of quality of source rocks and thermal maturity.  Porosity and 

permeability measurements from ongoing exploration programmes in Atlantic Canada indicate 

generally low values for Mississippian strata - sufficient for gas but perhaps requiring enhanced  

fractures and secondary diagenetic dissolution for oil production.  Given the tectonic setting of 

an intermontane transtensional rift system, traps and seals will be complex combination features 

derived from fluvial and lacustrine sedimentary environments, folded and faulted into structures 

formed during Alleghenian orogenesis, and modified by one or more thermally induced 

diagenetic events.  Alternatively, with appropriate engineering for relatively shallow conditions,  

unconventional plays may be possible through secondary stimulation of the mature and 

overmature fine-grained source rock beds.    

Confirmation of hydrocarbons in seeps and fractures in a quarry is useful information for 
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examining the possibilities for a petroleum system remaining active in this region.  Significant 

work is required to address the source and quality of this oil (e.g. primary or degraded) and 

whether it has travelled any significant distance.  However, without continued research, 

exploration, and drilling, to at least offer new materials to correctly formulate a diagenetic 

lithostratigraphy, and to address quantity and extent of porous and permeable strata and source 

rocks, the identification and delineation of traps, seals, and commercial liquid hydrocarbons will 

remain elusive targets.  
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DEER LAKE BASIN 

Introduction 

Amongst the petroliferous basins examined for this summary, the only completely onshore basin, 

the Deer Lake Basin (Figure 21) is by far the smallest feature, and currently covering an area of 

no more than 4000 km2 (<40 x ~100 km).  Onshore, across Newfoundland, the Deer Lake basin 

is the largest of a spectrum of small inliers in or adjacent to structurally bounded, generally 

northeast trending ponds and fiords (e.g.the informally named Shanadithit Brook formation at 

Red Indian Lake (Kean and Jayasinghe; 1980), and the Terranceville, Formation (Bradley, 

1962), Spanish Room Formation (Laracy and Hiscott, 1982), and the Cashel Cove beds (Laracy 

and Hiscott (1982), on the shore of Fortune Bay. 

Located slightly inland from the northeast and west coasts of the island, and centred upon the 

Humber River watershed, this basin merited little attention until the nineteenth century when the 

first official surveys formally identified coal from reconnaissance work (Jukes 1839).   By the 

early part of the twentieth century, oil shale was added to this inventory of prospective rocks, and 

after the Second World War, uranium.  For more than a century, much of the land in the Deer 

Lake Basin has been under coal and petroleum leases, and mineral claims.  The Provincial 

Government database contains many files and assessment reports outlining the history of large 

and small exploration programmes.  A smaller subset of these resource assessments, and that is 

specifically some of the longer reports with information that can be relevant  for petroleum 

exploration (e.g. stratigraphy for long cores, and mineral exploration concepts tied to fluid 

transport in this basin), are captured for this inventory of activities. 

Over the last 35 years a modest amount of hydrocarbon exploration and government and 

university based research was completed (Hyde, 1979; 1995; Gall, 1984; Wright et al., 1996; 

Hamblin et al., 1997; Mukapahydhay, 2009).  Businesses are still active in this area and where 

recently, lands formerly licenced to Deer Lake Oil and Gas were transferred to Black Spruce 

Resources. 
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Figure 21: Geology map for the Deer Lake Basin showing Humber (aka Cormack) and Howley 

sub-basins, Grand Lake - Green Bay bounding fault and other major faults associated with 

development of a major flower structure.  Inset satellite image shows basin as an isolated feature 

on an elevated platform between the Bay St. George and St. Anthony basins.  Geology from 

AGeofiles@, a Government of Newfoundland and Labrador web site. 
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Data quality and quantity 

In our search of Government files and other accessible published materials we identified 

approximately 350 references (search Deer Lake) meeting criteria set out for this compilation.   

In that number, fewer than 10 % explain fossils, age and paleontology.  Given that the age and 

general sedimentary environment relationships are relatively well established from basic 

palynology and other paleontology analyses, these rocks are not otherwise particularly well 

known for any abundance of macrofossils.  Any new discoveries are likely to be scientifically 

significant and relevant for more precise paleoenvironment and facies analyses.   

Quaternary physical geology studies likewise number less than 10% of the total.  For surficial 

materials we have no doubt that more reports can be discovered if Quaternary study parameters 

are expanded to include aspects specific to forestry, local agriculture and hydroelectricity 

industries.  

Nearly 25% of all the files are older pre-1960 Ahistoric@ reports and reflect the significant efforts 

made in the exploration for coal.  So too, about 30 % of the Deer Lake Basin files are post-1960  

mining, economic mineral and exploration geology studies.  Core collected and initially reported 

for uranium mineral deposit studies are important contributions confirming stratigraphy for 

hydrocarbon exploration, and provide a substantial geochemistry in support of our understanding 

fluid flow and hydrodynamics (Hyde, 1979; 1982; Hamblin et al., 1997; Kelly and Burden, 

2011).  In addition to the mineral exploration per se, some of the most modern geophysical 

studies (Cooke and Kilfoil, 2009) use techniques (e.g. airborne EM) commonly found in mineral 

exploration.  Less than 10% of the studies conducted across this region involve seismic 

geophysics for stratigraphy and hydrocarbons.  A very tiny part of this basin has any seismic 

coverage whatsoever. 

For hydrocarbon indicators, approximately 15% of the studies cover one or more aspects of 

Rocky Brook Formation  source rock geology or thermal maturation and diagenesis (e.g. 

Kalkreuth and Macauley, 1989; Hamblin et al., 1997; Langdon and Abrajano, 1999;  Kelly and 

Burden, 2011).  If some of the pre-1960 coal studies are included amongst the modern studies 

(e.g. very basic identifications and physical properties analyses), the relative abundance of 
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(Rocky Brook) source and maturation studies may climb slightly to less than 20%.   

On the other side of petroleum system modelling, and namely trap, seal and timing, about 20% 

of the collected papers are basin studies of general physical geology and structure.  Another 15% 

of the studies are multi regional reports on basin origins and the plate tectonic assembly of 

Atlantic Canada and beyond.  A common feature for nearly all of the older reports rests with a 

general lack of quantified information addressing specific parts of a trap, seal or timing, and 

namely on porosity, permeability, fluid chemistry, cements, diagenesis, faults and fractures, and 

migration paths.  In modern practice, suites of geophysical logs are completed on recently drilled 

oil and gas exploration wells.  These logs do contain indicators for determining porosity, fluid 

chemistry and other rock properties (Brooker, 2010). 

Regional Geology, Tectonics, and Stratigraphy  

The Deer Lake Basin rests on or about lower Paleozoic tectonostratigraphic boundaries 

separating Laurentian Humber Zone strata from the Dashwood Terrane and other Dunnage Zone 

rocks to the south and east. Basement for the basin is Precambrian and lower Paleozoic strata 

that tend to be significantly deformed, by Taconic and Acadian orogenesis, intruded by 

Ordovician and Silurian plutons and locally metamorphosed (Williams, 1979; 1995; Hyde et al., 

1988; Cawood and van Gool, 1993; 1998; Waldron et al, 1998).    

Given that this basin has its origins on the pre-existing tectonostratigraphic boundaries between 

Laurentia and Iapetus, dextral transtensional slip in the Alleghenian Orogeny created a narrow 

zone of accommodation for what today amounts to less than 4 km of (late Devonian?) - 

Carboniferous strata remaining in the Howley Sub-basin (Wright et al., 1996; Hamblin et al., 

1997).  The origins for this slip, be it transtensional downwarps or simple pull-apart basins (see 

Hyde et al., 1988), and the impact of the variety of tectonostratigraphic terrain boundaries along 

the Appalachian front, are not entirely resolved (Lin et al., 1994; van Staal, 2005; Hibbard and 

Waldron 2009). Advanced deformable plate reconstruction models (see for instance Whittaker et 

al., 2011) may soon be able to address some of the large regional questions surrounding basin 

origin and structure and therein help refine architectural parameters for reservoir, seal, heat flow 

and timing for petroleum generation and trapping for Deer Lake and other Carboniferous basins 
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in this region. 

Hyde et al (1988) produced a general review of end-member diagnostic features differentiating 

strike-slip basins formed from transtensional downwarps and simple pull-apart basins.  In 

support of transtension, the Deer Lake Basin contains diverging faults that contribute to a 

complicated pattern of Ashingled@ basin-wide sedimentation modified by formation of flower 

structures exposing and recycling once deeply buried strata.  For pull-apart basins, Hyde et al. 

(1988) report crustal thinning, thermal subsidence, and minor volcanism as significant diagnostic 

characteristics.  Neither end member is particularly appropriate for explaining mechanisms for 

the origin, and architecture for this basin, and both mechanisms may have operated. 

Several significant stratigraphic studies have been conducted in this area in the last 60 years (e.g. 

Belt, 1966a; 1966b; 1968; 1969; Popper, 1970; Fong, 1976; Hyde, 1979; 1983; 1984a; 1984b) 

Basin fill consists almost entirely of Carboniferous sedimentary strata resting upon Silurian and 

older metamorphosed sedimentary and volcanogenic basement.  Rocks are broadly contained 

within two groups, the late Devonian (?) and Tournaisian Anguille Group and the latest Visean 

and Serpukovian Deer Lake Group (Figure 22).  In addition, Hyde (1982) also identifies 

Wigwam Brook and nearby (equivalent?) Wetstone Point formations as fault bounded, orphaned 

formations not explicitly tied to the Anguille or Deer Lake groups and with undefined or poorly 

defined contacts.  Furthermore, and on the east margin of the basin, the late Serpukovian Howley 

Formation is everywhere seen as a fault bounded interval and currently without any observed 

basal contacts. 

All Carboniferous sedimentary strata in the Deer Lake Basin are terrestrial deposits of fluvial and 

lacustrine origins.  Formations are broadly distinguished on the basis of their colour, bedding, the 

relative ratios of conglomerate, sandstone and mudstone fractions, and accessory dolomite and 

limestone beds and concretions (see Hyde, 1982; 1985; 1990 for summaries of lithologic 

characteristics).   The oldest strata of the Anguille Group strata are loosely described as Awell 

cemented, micaceous gray sandstones, siltstones and black mudstones@ (Hyde, 1984a).  In subtle 

contrast, the overlying Deer Lake Group is Apoorly indurated conglomerates and coarse grained 

sandstones, together with finer-grained siliciclastics, limestones, and oil shales@ 
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Figure 22: Stratigraphy and correlation of the Deer Lake sedimentary successions.  Figure 

modelled after Hamblin et al. (1997) with ages for younger beds from Utting and Giles (2008). 
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(Hyde, 1984b).  Howley Formation, the youngest interval in this basin, is mixed sandstone, 

conglomerate, siltstone, black carbonaceous shale and coal (Hyde, 1982).  Be it conglomerate, 

black shale or coal, there are no unique indicators for any of these formations. 

Strata contained in the Anguille and Deer Lake groups tend to show a coarse - fine - coarse 

sequence of sedimentary events on a variety of scales. Blue Gulch Brook,  Gold Cove, and 

Thirty-fifth Brook rocks are likely facies and provenance variants of one another and 

collectively, these reddish sandstones and conglomerates tend to be coarser than the overlying 

strata of the Saltwater Cove Formation, a sandstone and (sometimes dolomitic) siltstone with 

black carbonaceous mudstone interbeds.  On White Bay, the top of the Anguille Group is 

apparently a slightly coarser and redder facies of the Cape Rouge Formation, a stratigraphic 

interval having its type locality much farther north and on the edge of the St Anthony Basin at 

Conche. For Deer Lake Group, the North Brook, Humber Falls and Little Pond Brook formations 

are somewhat more conglomeratic sandstones and relatively easy to differentiate from 

(sometimes dolomitic) siltstones, fine sandstones and dark carbonaceous (oil) shales of the 

Rocky Brook Formation.  

Basically, given their local provenance, it should be no surprise that all of the strata forming 

these groups are lithologically very similar, and simply reflect subtly different tendencies in 

physical and sedimentary environment parameters (i.e. climate, water depth, lake shape and 

profile, water chemistry, organic productivity, etc.).   At times, the basin was underfilled and 

sediments were fluvial or aeolian.  In other times, the basin was filled with fine-grained 

lacustrine sediment.  Some of these beds were organically enriched muds and now carbonaceous 

shale.   

Howley Formation strata are not at all well documented and all of the very old cores have long 

since disappeared.  Written records mention bitumenous sands but there is no clear context on 

whether this is simply coaly detritus in sandstone beds or degraded petroleum stain; an 

illustration in Fowler (2009) shows a degraded, loosely cemented conglomerate with a black 

petroliferous matrix.  One of the last of the old reports suggests that the rocks are sheared and 

therein leaves opportunity to reinterpret the strata as simply repeat sections of the same horizons.  

For age, Haquebard et al. (1960) indicate Bashkirian.  More recently, Utting and Giles (2008) 
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suggest it is correlative with the Searston Formation, latest Serpukovian (Arnsbergian) in age, 

and clearly younger than the early Serpukovian (Pendleian) age for Rocky Brook strata of the 

Deer Lake Group. 

Petroleum System Elements 

Source Rock and Maturation 

Source rocks and thermal maturation data are distributed among more than 40 published and 

unpublished reports (e.g. Hyde et al., 1988; Langdon and Abrajano, 1994;  Hamblin et al. 1997;  

Mukhopadhyay, 2010), and where different methods for measuring change (e.g. clay minerals, 

vitrinite, and carbon isotopes) are examined.  All reports generally agree on the regional pattern 

for change - outcrops of Anguille Group strata are cooked and lie in the dry gas zone (Figure 23), 

but show less consensus on more subtle points  (Kelly and Burden, 2011) - are Rocky Brook 

strata in the Humber Sub-basin above or below the top of the oil window and the zone for peak 

oil generation.  Data and reports from the recently released well Werner-Hatch #1 

(Mukhopadhyay, 2009) clearly shows this situation (Figure 24).  In Rock-Eval analyses, and 

what is likely statistical noise (e.g. from slightly different sample horizons), different laboratories 

will generate slightly different answers.  The spread on the data in this short 400 m hole can be 

attributed to labs, quality of samples, variations in strata, and  fractures carrying hydrothermal 

fluids.  These source rock and maturation details will only be resolved as additional mapping and 

new drilling takes place.  

A less well documented issue concerning maturation rests with a set of anomalous apatite fission 

track ages showing significant heating and annealing of apatite in this basin during and after the 

Carboniferous (Hendricks, 1991).  Hendricks (1991) notes there is no satisfactory solution from 

fission track analysis and suggests an uncharacteristically thick upper Paleozoic sediment cover 

developed in this region.  A second solution may rest with regional examination of hydrothermal 

fluid migration during this time.  Ongoing mineral exploration activities are following leads in 

this area, and Hyde (1984a; 1995) reports basaltic rock in the North Brook Formation.  Long 

overlooked, this volcanic material is now evident from recently published airborne geophysical 
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Figure 23: Vitrinite data from Hyde et al. (1988) showing significant differences in thermal 

maturity between Deer Lake Group and Anguille Group rocks.  In today=s practice, vitrinite is 

further subdivided to separate autochthonous from allochthonous and oil stained particles. 
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Figure 24: Rock-eval Tmax values plotted against burial depth show the Rocky Brook Fm inside 

the oil window but not at the critical point for peak oil generation (Tmax > 450o C).  Differences 

between Weatherford and Chesapeake labs should be viewed as statistical Anoise@ from sample 

variability.  The figured Anguille strata reported in Mukhopadhyay (2010) are not a part of this 

Rocky Brook stratigraphy and are showing the significant differences with strata that are almost 

entirely well outside the oil window. 
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surveys (Cooke and Kilfoil, 2009a).    

In total, there are significant quantities of rich, that is greater than 2% TOC,  Type I and Type II 

source rock mudstones in the basin with values ranging up to about 16% (Hyde et al., 1988; 

Kalkrueth and Macauley, 1989; Hamblin et al., 1997).  Less is known about their overall 

stratigraphic distribution, with Kelly and Burden (2011) suggesting two composite bands of thin 

and thick bedded, rich and lean source rocks in the middle of the lower grey beds and the middle 

of the upper grey beds (Figure 25). 

For organic composition, source rock materials from the Rocky Brook Fm are much more 

thoroughly analysed than their older, more mature cousins in the Anguille Group.  Anguille 

Group beds can show high TOC content and Type I source rock characteristics, but this must be 

viewed in the context of what appears to be anomalously high vitrinite Ro values and well inside 

the zone for gas generation. 

Porosity and permeability 

A small number of porosity and permeability measurements are starting to become available for 

the rocks of the Deer Lake Basin.  In Western Adventure #1, Brooker (2003)  reports a gas 

bearing zone at the top of the North Brook Fm.  Here, sandstone and conglomerate porosities 

range between 7 and 9 % with permeability from 1 to 10 mD and water saturation between 45 

and 65% (Figure 20).  In the Brooker report, porosity and permeability measurements for the 

entire hole are usually in the low single digits with higher permeabilities (10 - 30 mD) as spot 

samples and probably located on small fractures and other areas of secondary porosity 

development.  For Werner-Hatch #1, the gamma log and compression and shear sonic logs 

appear to be imaging fractures that carried radioactive fluids in what are otherwise tight Rocky 

Brook mudstones.  By comparison, correlative strata in the Hare Bay E-21 and Verrazano L-77 

offshore wells reach porosities of up to 15 - 25 % and with permeabilities of up to 100 mD (Hu 

and Dietrich, 2010).  In their summation, Hu and Dietrich (2010) concluded that most of the 

enhanced reservoir quality in the Maritimes Basin wells is likely related to secondary porosity 

development. 
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Figure 25: Weatherford organic richness and hydrocarbon potential logs for Werner Hatch #1 

showing significant source rock development in the upper and lower grey units of the Rocky 

Brook Formation (Data from Brooker, 2010). 
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Traps and seals  

With the overall structural configuration for this basin being that of a narrow elongated 

transtensional and transpressional trough filled with fluvial and lacustrine strata, Carboniferous 

clastic sedimentation and syntectonic deformation has generated many opportunities for 

structural traps to form.  In New Brunswick, two oil and gas fields, McCully and Stoney Creek 

are older but otherwise generally similar analogues for strata beneath the Humber Sub-basin 

(Figure 26).  On the elevated terrain separating the Humber and Howley sub-basins, one of the 

flower structures contains the Western Adventure #1 discovery well, a significant gas showing 

(Figure 26).  Productive strata in the trap belong to sandstones of the North Brook Formation and 

the seal is mudstones of the Rocky Brook Fm. 

Potential Plays in the Deer Lake Basin 

Deer Lake Basin can be divided into two major play strategies (1) unconventional resource plays 

capitalizing upon the now well recognised organic rich mudstones of the Rocky Brook 

Formation and to a lesser extent the older organic mudstones of the Anguille Group, and (2) 

structural plays taking advantage of the flower structures juxtaposing Anguille source beds 

adjacent to North Brook sandstone. Any discussion of plays involving unconventional 

hydrocarbons of the Rocky Brook Formation could run through a range of historic (strip mining) 

through current technologies (fracture enhanced porosity and permeability) and is well outside 

the scope of this review.  

Within the context of the play types identified in Lavoie et al. (2009), the Deer Lake Basin 

clearly fits the regional profile for lower Carboniferous clastic plays.  Here, fluvial and alluvial 

sandstones and conglomerates are overlain by lacustrine mudstones.  Structures generated during 

and after deposition create traps, and migration paths for fluid flow.  Western Adventure #1 and 

the older Claybar and Mills wells confirm proof of concept for a Mississippian clastics petroleum 

play.  Additional targets likely exist but each requires significantly more background geology 

and geophysics to image and define the size for structures, determine potential recoverable 

volumes and reduce financial risk.  
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Figure 26: Simplistic comparison of size and structural elements defining trap and seal from the 

Stoney Creek and McCully fields in New Brunswick and with the Western Adventure #1 gas 

discovery.   In New Brunswick, the Sussex Group (seal) is an important defining character with 

no obvious equivalent in the Deer Lake Basin.  Figures are from Lavoie et al. (2009). 
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Summation 

The Deer Lake Basin is a challenging exploration region characterized by contrasts in quantity 

and quality of specific petroleum system features (e.g. source rocks versus traps and seals).  This 

is a tendency that is in some ways typical for many other ancient lacustrine settings.  In future 

research, geological analogues should be sought from other similar regions in Atlantic Canada, 

the eastern United States, and northern and western Europe. 

A significant exploration risk may be attached to the age and quality of the available reference 

data.  A lack of sustained active research is clearly seen by measuring substantial numbers of 

research papers and other reports that are more than 50 years old.  For new studies, there is a real 

need for many new measurements of basic rock properties (porosity, permeability, geochemistry 

and mineralogy), structures and seismic stratigraphy.   

 In practical terms, the relatively small size for this ancient lake basin is an issue that will 

significantly limit the size and number of commercial developments.  This is partially balanced 

by knowledge of other basically similar oil and gas fields elsewhere in Atlantic Canada (Stoney 

Brook and McCully), and recognising at least two, well developed,  organic-rich, type I and II 

Rocky Brook  mudstones are in the oil window.  In addition, a third rich source rock 

encompasses older, black mudstones of the Tournaisian, Saltwater Cove Fm.  These older beds 

are considered overmature and perhaps retaining some potential for gas.   

Porosity and permeability measurements from ongoing exploration programmes in Atlantic 

Canada indicate generally low values for Mississippian strata - sufficient for gas but perhaps 

requiring enhanced fractures and secondary diagenetic dissolution for oil production.  Given the 

tectonic setting of an intermontane transtensional rift system, traps and seals will be complex 

combination features derived from fluvial and lacustrine sedimentary environments, folded and 

faulted into structures formed during Alleghenian orogenesis, and modified by one or more 

thermally induced diagenetic events.  Alternatively, with appropriate engineering for relatively 

shallow conditions, unconventional plays may be possible through secondary stimulation of the 

mature and overmature fine-grained source rock beds.    

The proof of play concept has been demonstrated from old gas discoveries and more recently, the 
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Western Adventure #1 discovery.  However, without continued research, exploration, and 

drilling, to at least offer new materials to correctly formulate a diagenetic lithostratigraphy, and 

to address quantity and extent of porous and permeable strata and source rocks, the identification 

and delineation of traps, seals, and commercial liquid hydrocarbons will remain elusive targets.  
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ST ANTHONY BASIN  

Introduction 

The St. Anthony Basin is a post-Acadian Carboniferous basin formed on the continental shelf off 

the northeast coast of Newfoundland (Figure 27). It overlies Precambrian/Paleozoic basement 

rocks (Cutt and Laving, 1977) and, in its eastern part, it is overlain by Mesozoic-Cenozoic 

sediments of the modern continental shelf and slope. The area of the basin (sensu Dietrich et al., 

2011) is estimated to be approximately 55,000 square kilometres. For this report, the St. Anthony 

Basin is a correlative, but distinct and separate entity to the Maritimes Basin tectonostratigraphic 

domain, a feature located several hundred kilometres to the west and across a mostly uplifted 

Appalachian orogenic terrain.  Until more drilling takes place in the St. Anthony Basin, the 

Maritime Basin stratigraphy should be considered a nomenclature of descriptive convenience. 

In some reports, the St. Anthony Basin is subdivided into the Notre Dame Sub-basin (Bell and 

Howie, 1990), a north trending feature on the continental shelf off Notre Dame Bay, and the 

Belle Isle Sub-basin (Cutt and Laving, 1977), a northwest trending feature farther offshore and 

closer to the continental slope. The adjacent onshore-offshore White Bay Sub-basin, along the 

axis of White Bay, apparently opens to the northeast and in this study is also included in the St. 

Anthony Basin.  Of all the major Late Paleozoic basins in Atlantic Canada, the St. Anthony 

Basin is the least studied.  Our search located little more than 150 references with some bearing 

upon this region.  Very few of these references (8) are pre-1960 historic works.  For early 

researchers, this offshore region was inaccessible. 

The regional stratigraphic framework for Carboniferous strata of the St. Anthony Basin is almost 

entirely based on work done on the onshore exposures of Maritimes Basin strata in New 

Brunswick and Nova Scotia (Figure 28).  In reality, only two wells have been drilled in the St. 

Anthony Basin B the Verrazano L-77 well, where drilling problems forced abandonment at 460 

m, and the longer Hare Bay E-21 well (~4875 m).  Both wells have been included in a number of 

compilation studies involving the Labrador Shelf and the Orphan Basin.  Reviews are generally 

focussed upon the Cenozoic part of the succession, and with limited discussions on 

Carboniferous strata.  
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Figure 27: Base map, seismic line coverage and red outline for the St. Anthony Basin are from 

the CNLOPB publication Seismic Data Coverage Offshore Newfoundland and Labrador (2010). 

The geographic outline of the St Anthony Basin according to the Geological Survey of Canada 

(yellow; Dietrich et al. (2011)) indicates significant differences in opinions on geographic 

boundaries. Neither the northeast limits for the basin, nor the relationship of the basin to the 

White Bay Sub-basin are well defined.  Hydrocarbon exploration holes Verazanno L-77 and 

Hare Bay E-21 and Short Cores (surficial) are discussed in the text.  The inset map shows the 

basin outlines as illustrated in the call for this RDC Scoping Study (2012). 



 
 76 

 

Figure 28: Table of strata and correlations for St Anthony Basin and with the Deer Lake and 

Maritime Basins to the south and west. 
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Onshore, Carboniferous outcrops in the White Bay area (Conche-Groais Island-Rouge Island) 

have been described by Baird (1966), Hamblin et al. (1995) and Hyde (1995).  In addition, three 

shallow drillholes close to shore also encountered Carboniferous limestones (Haworth et al., 

1976a, 1976b; Jansa et al., 1978; Barss et al., 1979). 

A comprehensive review of biostratigraphic zonations for all of eastern Canada, including the St. 

Anthony Basin, is given in Williams et al. (1990). A compilation of Windsor to Pictou Group 

spore zones, and post-Windsor macrofloral zones for Atlantic Canada is given in Allen et al. 

(2011).  

The Hare Bay E-21 well has been incorporated in reports on the Labrador Sea and the Orphan 

Basin. Most biostratigraphic data from this well deals with the Cenozoic part of the well which 

penetrates approximately 3400 m of Tertiary and Cretaceous strata (D=Iorio 1988 Ph.D. thesis; 

Gradstein and Kaminski, 1989; Gradstein et al., 1975, 1994; Gradstein in Srivastava, 1986). Hu 

and Dietrich (2010) have assigned the 3398-4874 m interval to be equivalent to the Middle 

Pennsylvanian Pictou Group of the Maritimes Basin. 

The Verrazano L-77 well did not reach the targeted Lower Carboniferous play and penetrated 

only Late Carboniferous strata.  Reports by Utting et al. (1976) and Barss et al. (1979) assigned 

samples from Verrazano L-77 a late Visean to early Namurian age. Zonation of the Upper 

Paleozoic basins of eastern Canada by Barss and Hacquebard (1967), Hacquebard (1972) and 

Utting (1980) as reviewed by Williams et al. (1990) shows the entire drilled section in Verrazano 

L-77 to be Visean based on spore ages.  

The three short cores of Windsor Group carbonates recovered by the Bedford Institute (Haworth 

et al., 1976a: 5044.4= N, 5509.9= W; 5044.0= N, 5454.1= W; 5044.1, 5457.1 W) provide 

biostratigraphic information from the western side of the basin. These were studied by Jansa et 

al. (1978) who described the lithology and paleontology (primarily foraminifera and algae) 

recovered from the cores. A Late Visean age was assigned. 

Adjacent to the St. Anthony Basin, outcrop rocks in the Conche area, assigned by Knight (1983) 

to the AWhite Bay Basin@, may be significant for interpretation of the southwestern part of the St. 

Anthony Basin. Early mapping of the region was undertaken by Baird (1966) and the Lower 
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Carboniferous rocks of the Crouse Harbour and Cape Rouge formations (partial equivalents of 

the Anguille/Horton groups) from the Conche, Groais Island and Rouge Island areas were later 

described by Hyde (1995). Hamblin et al. (1995) described the palynology, sedimentology and 

source rock potential of these two formations in the Conche area and assigned the spore 

assemblages a Tournaisian age.  

Interpretations of St. Anthony Basin strata are entirely based on age relationships with strata 

from distant parts of the Maritime Basin, and from immediately adjacent rocks outcropping in 

the nearby White Bay area.  The offshore data amounts to two wells and three short drill cores, 

accompanied by a limited number of seismic lines concentrated mainly in the Belle Isle Sub-

basin. Lithostratigraphic definitions, formation nomenclature, and detailed internal architecture 

for the rocks is, therefore, speculative. 

Data quality and quantity 

The total data base with mentions of the St Anthony Basin amounts to little more than 150 

papers.  As indicated in earlier parts to this report (Figure 7), the quantity of actual data is in fact 

much smaller and indicating fewer than 3 reports a year make any reference to or present data 

from this basin.  For instance, there are 9 papers identified as containing information on porosity 

for the St Anthony Basin.  Two of these papers (Hu and Dietrich, 2009; Lavoie et al., 2009), two 

abstracts (Dietrich et al., 2009; Hu and Dietrich) and one Power Point Presentation (Hicks, 2009) 

are a part of the recently completed regional review conducted by the Geological Survey of 

Canada GEM Programme.  Two older papers (Fogwell, 1966; Fleming, 1970) are Provincial 

Government petroleum assessments, and two other papers (Hamblin et al., 1995 and Hamblin, 

2006) are part of an earlier GSC programme to review petroleum geology in Canada.   

Appendices 1 and 3 of this report describe the extent of seismic information provided by 

federal/provincial government agencies, and offers a brief summary on how to access seismic 

information from government websites. 

The CNLOPB report, Seismic Data Coverage Offshore Newfoundland and Labrador (2010), 

shows the distribution of seismic lines for the St. Anthony Basin (Figure 27). The Geological 

Survey of Canada, East Coast Basin Atlas Series: Seismic coverage, Labrador Sea is a more  
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detailed map of the distribution of seismic lines for the northern part of the St. Anthony Basin. 

Overall, it is evident that there are very few seismic lines crossing the White Bay and Notre 

Dame sub-basins while the eastern part, represented by the Belle Isle Sub-basin, has better 

coverage. 

The two cross-sections based on seismic data from Grant and McAlpine (1990) have 

subsequently formed the basis, in part, for diagrammatic representations in various GSC Open-

File reports, publications and conference presentations (e.g. Lavoie et al., 2009; Dietrich et al., 

2011).  In addition to shallow seismic data, a map of subcrop surface at seismic basement for the 

northern part of the St. Anthony Basin, including the Hare Bay E-21 and Verrazano L-77 wells, 

is available from the Geological Survey of Canada as part of their East Coast Basin Atlas Series 

(Structure, III, Labrador Sea, Seismic Basement and Basement Structure, 1989).  

For physical samples, Appendix 1 offers lists of sample inventory relevant to the study area, 

including available core, sidewall core and cuttings from the following offshore wells in the St. 

Anthony Basin as well as details on the following basement cores: 

$ offshore wells Newfoundland and Labrador: Verrazano L-77, Hare Bay E-21 

$ three short Carboniferous cores (18-20) from the northeast Newfoundland Shelf 

(described in Haworth et al., 1976a; Jansa et al., 1978)  

The locations of these cores and additional short cores from the northeast Newfoundland Shelf 

are shown in Haworth et al. (1976a). No latitude-longitude information for individual cores is 

provided in this article. Information on Carboniferous outcrops in the Conche-Groais Island-

Rouge Island area has been presented in papers by Baird (1966), Jansa et al. (1978), Hamblin et 

al. (1995) and Hyde (1995). 

Regional Geology, Tectonics, and Stratigraphy 

The St. Anthony Basin formed in equatorial latitudes during oblique collision of Laurussia and 

Gondwana during the Alleghenian Orogeny.  This event produced the Maritimes Basin, the 

Central Appalachian Basin, Black Warrior Basin (Alabama, Mississippi) and in a broad way, a 

similar suite of Western European Late Paleozoic basins (summary from Lavoie et al., 2009). 
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The European basins, and, in particular those off the west coast of Ireland, would have been in 

close proximity to the St. Anthony Basin during the Carboniferous.  They too can provide 

models for understanding Carboniferous events in the St. Anthony Basin. 

The framework for interpreting the St. Anthony Basin relies heavily on stratigraphic 

interpretations from the Maritimes Basin, and especially the Magdalen Basin, which has been a 

reference point for correlating the main Late Paleozoic strata in Atlantic Canada. A 

comprehensive description of the developmental history of Atlantic Canada, and including the 

St. Anthony Basin during the Late Paleozoic, is presented in Gibling et al. (2008).  For 

hydrocarbon prospectivity, the geological setting and petroleum resource potential of the 

Paleozoic basins is discussed in Dietrich et al. (2011). 

Detailed structural cross-sections and reconstructions of local events within the offshore St. 

Anthony Basin have, as a function of the limited data from exploration wells, been primarily 

dependent on seismic data. Outcrop information from the White Bay Sub-basin Crouse Harbour 

and Cape Rouge formations demonstrates that rocks which are partial age equivalents of the 

Lower Carboniferous Anguille/Horton groups are present onshore (Hamblin et al., 1995). The 

short cores examined by Jansa et al. (1978) confirm that limestones correlative with Windsor 

Group strata farther west (or Ireland to the east) are on the sea bottom off the eastern shore of the  

Northern Peninsula.  

Deep seismic techniques employed in the geophysical studies of Keen et al. (1986) and Hall et 

al. (1998), were focused on the Appalachian Orogeny.  However, one line, documented by Hall 

et al. (1998, fig. 1-84/2A) is a deep seismic reflection transect WNW to ESE across the St. 

Anthony Basin. 

Shallow seismic interpretations of the Upper Paleozoic sedimentary rocks and immediately 

subjacent basement of the St. Anthony Basin have been presented in a number of studies 

including Haworth et al. (1976a, 1976b), Cutt and Laving (1977), Grant and McAlpine (1990), 

Lavoie et al. (2009), and Hu and Dietrich (2010).  Early reconstructions apparently form the 

basis for later interpretations. The structure of the St. Anthony Basin, as depicted by Bell and 

Howie (1990), has not changed in any appreciable manner for more than 20 years.  Their map 
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shows Pennsylvanian rocks in the middle of the Belle Isle and Notre Dame sub-basins are 

intruded by salt diapirs and surrounded by a rim of Mississippian rocks which extends into the 

White Bay Sub-basin (Figure 29).  

Lavoie et al. (2009) constructed their diagrammatic representation of the SAB from the Grant 

and McAlpine figure. Their cross-section (~ENE-WSW) across the Bell Isle Sub-basin shows 

Windsor salt diapirs disrupting Upper Carboniferous strata and other Cretaceous-Tertiary strata 

on the shelf and shelf margin. The cross-section by Hu and Dietrich through the Verrazano L-77 

and Hare Bay E-21 wells shows fault basins to the WNW and extensive salt diapirism extending 

to the ESE. Neither the Verrazano L-77, nor the Hare Bay E-21 wells intersected the Windsor 

Group at TD. Verrazano L-77 penetrated 250 m of Mississippian, Serpukovian, Mabou 

equivalent strata, whereas Hare Bay E-21, cut through 1476 m of Pennsylvanian, Moscovian and 

Gzhelian, Pictou equivalent rocks.  

The vintage and limited number of seismic lines for the Notre Dame Sub-basin limits the 

resolution of interpretation of local structures (Haworth et al., 1976a, 1976b; Bell and Howie, 

1990). Bell and Howie (1990) show patchy development of salt diapirs in the Pennsylvanian core 

area, and Lavoie et al. (2009) outline a general salt structure area.  Multichannel seismic data 

from the Belle Isle Sub-basin is more comprehensive and allows for delineation of salt diapirs, 

and solution, collapse and withdrawal structures (Cutt and Laving, 1977), such as those 

identified near Hare Bay E-21, where Late Carboniferous strata identified through drilling 

overlie a seismically identified salt-bearing sequence. The Cutt and Laving reconstruction 

proposes a fit to the evaporate sequence of Bailey (1975) described from the west Irish shelf. 

Petroleum System Elements 

Source Rock and Maturation 

Source rocks and thermal maturation data for the offshore Hare Bay E-21 and Verrazano L-77 

wells in the St. Anthony Basin can be accessed through the Natural Resources Canada, Earth 

Sciences Sector, Basin Database (see Appendix 3). Onshore coverage is provided in Hamblin et 

al. (1995), where source rock potential for the White Bay Sub-basin outcrops from the Conche 

area is evaluated. An overview of petroleum system elements for the St. Anthony Basin is  
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A    

            

B 

Figure 29: (A) Geologcal map of the St Anthony Basin (from Bell and Howie, 1990) and derived 

from work first conducted in the early 1970's. (B) Schematic cross-section (from Lavoie et al., 

2009) of Belle Isle Sub-basin from near the Hare Bay E-21 well.  In this area, Carboniferous 

strata remain buried more than 2 km beneath Cretaceous and Tertiary deposits.  
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included in Dietrich et al. (2011) as part of their assessment of the Maritimes Basin. 

Source rock information for the Hare Bay E-21 well is also presented diagrammatically in the 

Geological Survey of Canada, East Coast Basin Atlas Series: Biostratigraphy Maturation data, 

V, Labrador Sea (1989). Here the Carboniferous is coded as Source Rock Type III with 

TOCgenerally <2%, and mostly ~1%, although TOC is higher in the upper half of the Pictou 

Group and just above TD. Total carbon recorded for the Mabou Group in the Verrazano L-77 

well ranges from 0.12-to 0.4% (Natural Resources Canada, Earth Sciences Sector, Basin 

Database: source Geochem Labs, 1977). 

Hamblin et al. (1995) conducted a detailed study of rocks and oil seeps in the White Bay area. 

Their results, (Hamblin et al., 1995) show that organic matter present in the Crouse Harbour and 

Cape Rouge formations is mainly Type I with TOC for the mudstones commonly falling within 

the 1 to 2% range, with a maximum TOC of 1.7% recorded from the Cape Rouge Formation and 

4.6% from the Crouse Harbour Formation. Of significance is recovery of Botryococcus algae 

from some of their samples. These algae can be abundant in fresh to brackish water deposits, and 

according to Chowdhury et al (1991) often are a main component of Type I kerogen source rocks 

associated with lacustrine deposits. Based on the limited data available, TOC is highest in the 

outcrops in the White Bay area and lowest in the Mabou Group in the Verrazano L-77 well.  

Thermal maturation data in the public domain for the Hare Bay E-21 and Verrazano L-77 wells 

is from the Natural Resources Canada, Earth Sciences Sector, Basin Database.  It forms the basis 

for the vitrinite plots in Figure 30. Outcrop values for the White Bay area are from Hamblin et al. 

(1995). 

For the Hare Bay E-21 well, three sets of vitrinite data for the Carboniferous section were 

compiled by Geochem Laboratories, Shell and Robertson Research respectively, with values 

ranging from 1.20 to 2.33 (data from an internal report by M.P. Avery is also available on the 

Basin Database). The Geological Survey of Canada, East Coast Basin Atlas Series: 

Biostratigraphy Maturation data, V, Labrador Sea (1989) gives a different range (>1.2 to 1.7) 

overlapping the lower part of the Geochem Laboratories-Shell-Robertson numbers. Depth to 

0.7% Ro is given as 3451=. Both sets of data for this well, which is a test of a salt structure, show 
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Figure 30: Vitrinite reflectance data for the Hare Bay E-21 and Verrazano L-77 wells from the 

NRC, Earth Sciences Sector, Basin Database. Lithostratigraphic picks for Hare Bay E-21 from 

the NRC Basin Database (CNLOPB Schedule of Wells, 2007). Top of the Banquereau 

Formation estimated from RT and WD values. Lithostratigraphic picks for Verrazano L-77 from 

Hu and Dietrich (2010).  Conche (red diamond) is average of outcrop data from Hamblin et al. 

(1995) and showing older Anguille Group strata onshore remain in the oil window. 



 
 85 

TAI=s ranging from 3+ to 4- (equated with VRo of 1.4 to 1.7%). The two sets of data place this 

well at the upper limit of the oil window (using a cutoff of 1.5) to overmature but within the 

range for gas generation.          

For the White Bay area, the assessment by Hamblin et al. (1995) was that these rocks are high in 

the oil window based on vitrinite readings (1.0 to 1.2% Ro) and TAI's ranging from 2/2+ 

(equivalent VRo = 0.6%) to 2+/3- (equivalent VRo = 1.0%). 

Limited data seems to indicate a gradient from onshore where strata are in the oil window to 

somewhere offshore where strata are gas prone. 

Porosity and Permeability 

Porosity and permeability for the Hare Bay E-21 and Verrazano L-77 wells are calculated from 

well reports and presented graphically in Hu and Dietrich (2010). Hare Bay E-21 sandstones 

reach porosities of up to 15% in the deepest parts of the well up to ~4500 m. Mabou Group 

sandstones in the Verrazano L-77 well have porosity of up to 25 % and permeability of up to 100 

mD. Hu and Dietrich (2010) concluded that most of the enhanced reservoir quality in the 

Maritimes Basin wells is likely related to secondary porosity development. They also noted that 

the two SAB wells did not provide enough data for comparison of average porosity-depth trends 

with other Maritimes Basin wells in the study.  

Their calculated porosity-permeability represents the only significant new information extracted 

for rocks and well records for this basin.  It also shows that there is still a possibility for 

discoveries. 

Traps and Seals 

Traps and seals for the Maritimes Basin have been discussed by Hannigan and Dietrich (2012). 

Of particular relevance to the St Anthony Basin are traps related to salt structures and potential 

seals formed by evaporite deposits in the middle Windsor/Codroy Group and shale intervals in 

the Mabou and Pictou/Morien groups. 

Trap style differs throughout the Carboniferous in the Maritimes Basin. Lower Carboniferous 
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clastic rocks occur in fault sub-basins in which fold and fault-block traps predominate. These 

fault sub-basins have not been identified in the offshore St Anthony Basin sensu stricto (Lavoie 

et al., 2009) but are known from the White Bay area where rocks of the Crouse Harbour and 

Cape Rouge formations (partial equivalents of the Anguille/Horton groups) are exposed in 

outcrop. 

Lower Carboniferous carbonate reef-style traps developed in the lower Windsor Group have not 

yet been identified from the St Anthony Basin. However, slightly older rocks of the Crouse 

Harbour and Cape Rouge formations outcrop on the Great Northern Peninsula (White Bay Sub-

basin). These are partial equivalents of the Horton Group, which underlies Windsor strata 

elsewhere in the Maritimes Basin. Nearby, off the Great Northern Peninsula, Lower 

Carboniferous (Late Visean) Windsor limestones were recovered as short cores, and, in addition, 

Windsor salt structures have been identified seismically in the Belle Isle and Notre Dame sub-

basins.  The presence of a suite of Lower Carboniferous rocks, including marine carbonates, 

suggests there is potential for reefs having been present in the area if water conditions were right. 

Upper MississippianBPennsylvanian salt structure traps are widespread in both the Notre Dame 

and Belle Isle sub-basins. The traps are juxtaposed with clastic rocks which occur next to or 

overlie the salt structures and, throughout much of the basin, underlie Mesozoic strata. Both salt 

diapirs and solution collapse features have been recognized from the Belle Isle Sub-basin 

(Haworth et al., 1976a; Cutt and Laving, 1977). 

Seal rocks such as Windsor evaporites, identified from seismic data, are known to extend 

throughout much of the St Anthony Basin.  These rocks can be effective cap rocks for underlying 

Lower Carboniferous sandstones. Sub-Windsor Carboniferous clastic rocks have not been drilled 

in either of the two offshore wells (Hare Bay E-21, Verrazano L-77), but have been identified 

from outcrops in the White Bay Sub-basin (Crouse Harbour and Cape Rouge formations). Short 

cores from offshore have yielded Windsor limestones, and Windsor evaporites have been 

identified seismically from the both the Notre Dame and Belle Isle sub-basins. The Verrazano F-

77 well, which was intended to test Lower Carboniferous reservoirs, was abandoned after 

reaching TD at 460 m. 
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Younger Carboniferous seals are possibly present in the Belle Isle Sub-basin where Mabou 

(Verrazano F-77) and Pictou (Hare Bay E-21) strata are present. Overlying Mesozoic strata 

(Hare Bay E-21) likewise may provide seals, or potentially even reservoirs which could have 

been charged by migrating Upper Paleozoic hydrocarbons as in the Dutch North Sea. 

Potential plays in the St. Anthony Basin 

Late Paleozoic petroleum plays in the Central Appalachian, Black Warrior and Western 

European basins have been discussed in other sections of this report and will not be detailed 

here. Age equivalent plays elsewhere in the Maritimes Basin will be briefly referenced as the 

study of these plays provides a stratigraphic framework for interpretation of potential source 

rocks in the St Anthony Basin. Details of these plays are taken from Lavoie, et al. (2009, 2012) 

and from an assessment of the Sydney Basin and Orpheus Graben by Hannigan and Dietrich 

(2012). 

Lavoie et al. (2009) identified three conventional plays in in Carboniferous-Permian strata of the 

Maritimes Basin 

$ Lower Carboniferous sandstones *(and Middle Devonian sandstones locally in the 

Sydney Basin: Hannigan and Dietrich, 2012) 

$ Lower Carboniferous carbonate play including a carbonate reef play 

$ Upper Carboniferous sandstones (and an unconventional coal bed methane play). 

The Lower Carboniferous (Mississippian) clastic play 

 Today in the Maritimes Basin this play type is in production in two wells developed in Afault-

bounded extensional or strike-slip sub-basins@ (Lavoie et al. 2009, p.139).  It involves the 

Horton, Windsor and Mabou groups, but is largely confined to the Tournaisian Horton and 

Anguille groups and their age equivalents.  One known exception is  in the Deer Lake Basin, 

where Visean clastic strata are involved. 

Two onshore fields in the Maritimes Basin are currently producing hydrocarbons - the Lower 

Carboniferous Horton Group sandstones of the Stoney Creek oil field and McCully gas field of 
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the Moncton Sub-basin. Other oil and gas discoveries in this field are not in production.  Two 

significant Lower Carboniferous petroleum accumulations occur onshore in Newfoundland - the 

Flat Bay oil show (Bay St. George Basin) and Western Adventure Gas Field (Deer Lake Sub-

basin).  

Lavoie et al. (2009) show this Lower Carboniferous play extending into the White Bay Sub-

basin. This would be in keeping with a 1966 report by Baird in which he described onshore 

Lower Carboniferous rocks of the Horton Group from the Conche-Groais Island area and noted 

there were Apetroliferous with bituminous residues (Baird, 1966, p. 247). However, fault sub-

basins associated with the Lower Carboniferous clastic play have not been identified from 

seismic data in the St Anthony Basin sensu stricto (Lavoie et al., 2009).  The Verrazano L-77 

well, which was drilled to potentially identify this play in the St Anthony Basin, was abandoned 

after encountering Mabou Group rocks between 210 and 460 m. 

The Lower Carboniferous (Middle Mississippian) carbonate play 

 As defined by Lavoie et al. (2009), this play includes all marine carbonate rocks in the Windsor 

Group (and equivalent strata). It includes the carbonate reef play, a Middle Mississippian 

carbonate play developed in the basal Windsor/Codroy Group and is usually dolomitized. It has 

been recognized onshore mainly from mineral exploration drilling  

The Mississippian carbonate play is not shown to extend into the St Anthony Basin or White Bay 

Sub-basin in Figure 22 of Dietrich et al. (2011), although Windsor limestones occur in the area. 

The carbonate reef play also has not been recognized from the St Anthony Basin, but the limits 

of these reefs are poorly constrained for the most part.  Sub-Windsor rocks of the Crouse 

Harbour and Cape Rouge formations occur in outcrop on the Great Northern Peninsula, Visean 

limestones assigned to the Windsor Formation are known from short cores off the Northern 

Peninsula (Jansa et al., 1978), and Windsor diapirs show on seismic in the Notre Dame Sub-

basin (Bell and Howie, 1990).  The potential for carbonate reefs exists but is dependent on 

paleoshoreline, coastal configuration and paleoebathymetry. 

The Upper Carboniferous clastic play 

 (Upper Mississippian-Pennsylvanian: Mabou/Barachois and Pictou/Morien groups) have well 
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recognised  reservoir rocks with greatest thickness in the Bradelle and Cable Head formations. In 

the Gulf of St Lawrence, the offshore East Point E-49 gas discovery in the Cable Head 

Formation (drilled in 1970) is designated a significant discovery but has not been developed.  A 

step-out well was not productive (Hannigan and Dietrich, 2012). Several other wells have shown 

gas at low flow rates in drill-stem tests (Lavoie, et al., 2009, 2012). 

In this play, the main trap type is associated with salt structures B salt-withdrawal anticlines, salt 

pillows and anticlines, and salt overhang and sub-salt structures. Other traps include sandstone 

pinchout structures and unconformities (Dietrich et al., 2011). The Upper Mississippian-

Pennsylvanian sandstone play extends across much of the St Anthony Basin (Lavoie et al., 

2009).  Seal is an unknown  

Summation 

The knowledge base is the single largest risk assigned to the St Anthony Basin.  With little more 

than 150 research reports covering an area of 55,000 km2, that is approximately 2/3 the size of 

Ireland, little more than broad generalizations and trends can be addressed.  Given that simplistic 

overview, specific reports do offer some tangible insights into possibilities once additional 

studies are completed.   Specifically, reports indicating oil and gas prone source rocks laying in 

the oil window and in the productive gas zone do exist, as do indicators for conventional porous 

and permeable rocks.  Without exploration, and drilling, to at least offer new materials to 

correctly formulate a lithostratigraphy, address quantity and extent of porous and permeable 

strata and source rocks, the identification of trap, seal, and commercial hydrocarbon preservation 

will remain open questions.  So too, and while models for the geology for this region are based 

upon other eastern Canadian examples, this basin sits well apart from the Maritimes region and 

may find other appropriate exploration analogues in Ireland and continental Europe.   

A systematic survey of seabed bedrock from dredges and short cores may begin to fill in some of 

the blanks on a very large part of the shelf off the northeast coast of Newfoundland and southeast 

Labrador.  With appropriately preserved samples, baseline conditions on thermal maturity and 

perhaps also source rock quality may be attainable.  
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SYDNEY BASIN 

Introduction 

The Sydney Basin is the eastern extension of the Maritimes Basin region, a system of post-

Acadian Middle Devonian to Carboniferous and earliest Permian infill basins, with extensive 

onshore exposures on Cape Breton Island, small outcrops on the Burin Peninsula, and more 

extensive offshore exposures which lie beneath thin Pleistocene cover off the south coast of 

Newfoundland (Figure 31). The total area of the Sydney Basin (sensu Dietrich et al., 2011) is 

estimated to be at least 100,000 square kilometres, and extends an unknown distance offshore 

beneath Mesozoic cover.  

The basin margins are most clearly defined to the north, west and south (Figure 32).  Strike-slip 

faults of the Cabot Strait fault zones (specifically the Hollow Fault Zone) separate the Sydney 

Basin from the Magdalen Basin to the northwest.  The Proterozoic Scatarie Ridge forms a 

southern boundary, and the island of Newfoundland, a northern boundary (Pascucci, et al.1999; 

2000; Enachescu, 2008).  Pascucci et al. (2000) report that the eastward extent of the basin under 

the Burin Platform and onto the margin of the Grand Banks, is not known; Late Paleozoic strata 

are buried by Mesozoic strata.  In general, interpretation of the structure of the Sydney Basin has 

relied heavily on offshore seismic studies in combination with an extensive onshore database 

derived primarily from a long history of Cape Breton Island coal mining, and a limited number 

of offshore wells. 

Readily recognised as a distinctive part of the Maritimes Basin complex of large lakes and 

marine fingers, the Sydney Basin is one of several conjugate margin analogues for the same 

lacustrine and marine depositional system seen in Ireland.  In offshore Ireland, Carboniferous 

strata are the source rocks for gas trapped in the Triassic reservoir rocks of the Corrib gas field.  

Regionally, in the adjacent Magdalen Basin, the Stoney Creek and McCully fields are in 

production from Horton Group (Albert Formation) sandstones (Hu and Dietrich, 2010), and 

prospects such as the Old Harry structure are thought to have significant potential.  Inasmuch as 

upper Carboniferous strata of the North Sydney F-24 and P-05 wells contain traces of gas, no 

production or significant shows have been located in the offshore Sydney Basin (Enachescu, 
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Figure 31: Upper Paleozoic basins showing locations of the Sydney Basin wells, wells that are 

peripheral to the basin, and shallow bedrock cores in Placentia Bay and around the Avalon 

Peninsula. The basin outlines beneath Mesozoic cover are from Dietrich et al. (2011). The 

seismic lines are taken directly from the CNLOPB publication Seismic Data Coverage Offshore 

Newfoundland and Labrador (2010). The inset map shows a much smaller basin outline from the 

bid for an RDC Scoping Study (2012).  
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Figure 32:  Outline of Sydney Basin, bounding conditions and proposed eastern extension 

(modified from Pascucci et al., 1999).  Cabot Strait is a complex strike-slip fault zone defining 

the western limit to this basin.  In the south, the Scatarie Ridge, in particular, and the Minas 

Geofracture, in general, define southern limits for Upper Paleozoic strata.  Northern limits are 

the faulted and erosional edge of Upper Paleozoic strata on the coast of Newfoundland and on 

the Grand Banks. Spanish Room (S) and Terranceville (T) are prominent Carboniferous outliers 

along the southern coast of Newfoundland.    
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2006a).  Potential exists for unconventional resources, including gas hydrates in surface strata 

and coal bed methane in fractured rocks. Coal bed methane is known to be associated with coal 

measures in the Sydney coalfields of the west Sydney Basin (Grant and Moir, 1992; Hacquebard, 

2002).  It might also occur in southwestern Newfoundland and within the Sydney Basin beneath 

the Cabot Strait (Hannigan and Dietrich, 2012). Pascucci et al. (2000) also noted that coal 

measures overlie basement rocks in Placentia Bay (King et al., 1986), although they do not 

appear to be developed under the Burin Platform (Pascucci et al., 1999).  

Overall, the basin remains a largely unexplored region, and is very often simply called 

Abasement@ beneath Mesozoic cover. 

Data quality and quantity 

The bulk of the petroleum exploration well data has been collected from the Nova Scotia side of 

the Sydney Basin.  Information from the onshore Birch Grove No. 1 well (Cape Breton), the 

North Sydney P-05 and F-24 wells off Cape Breton Island and the St. Paul P-91 well, in the 

transition zone between the Sydney and Magdalen basins, is especially pertinent to 

understanding the structure and petroleum potential of this area.  

On the Newfoundland side of the basin, a small sample suite comes from the Hermine E-94 well 

drilled in the East Sydney Basin, from short bedrock cores from Placentia Bay and southeast of 

the Avalon Peninsula (King et al., 1986), and small outcrops on the Burin Peninsula (Bradley, 

1962; O'Brien et al., 1984; Laracy and Hiscott, 1982; Hyde, 1995).  Farther east of this coastal 

offshore region, there are 5 other wells (Gannet O-54, Sandpiper 2J-77, Phalarope P-62, Murre 

G-67, and  Emerillon E-56) reporting Carboniferous and/or Devonian Abasement@ (Jansa et 

al.,1975; Bell and Howie, 1990).  These wells provide useful information for interpreting the 

structure and eastern extent of the Sydney Basin beneath thick Mesozoic cover. 

Appendices 1 and 3 of this report describe the location and extent of geophysical information 

provided by each government agency, and a brief summary on how to access reports and other 

information from government web sites. 

Seismic coverage of the Sydney Basin which is in the public domain comprises a collection of 
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industry seismic lines, and with many of low quality (Pascucci et al., 2000; Enachescu, 2006a). 

A comprehensive assessment of the available seismic coverage to 2006 for the Sydney Basin was 

assessed by Enachescu (2006a), who evaluated the quality of the available lines and constructed 

a series of seismic profiles for the Newfoundland side of the basin. 

The CNLOPB report, Seismic Data Coverage Offshore Newfoundland and Labrador (2010), 

shows the distribution of seismic lines for the Sydney Basin and forms part of our Figure 31 of 

this report.  

Most of the seismic lines in the public domain were shot before the mid-seventies. In 2010, 

Husky Oil completed a 3005 km 2-D seismic acquisition survey on the Newfoundland side of the 

basin (Husky Exploration license area EL1115 2009-2018).  That area, outlined as a part of  a 

figure in Hannigan and Dietrich (2012), is in an area where strata are more than 9 km thick.  In 

addition to these new collections, some of the old data from industry is being reprocessed, as, for 

instance, by Kendell et al. (2005, abstract) who reprocessed 1800 km of 2D industry seismic 

collected in 1981 and 1983. 

Very little of the released seismic data comes from the central part of the basin, and farther east, 

seismic lines are concentrated in places  where the Late Paleozoic strata are onlapped by 

Mesozoic strata. 

Our sample and core inventory (Appendix 1) contains a list of materials from a number of wells 

in the Sydney Basin and includes details on basement cores from the Newfoundland part of the 

basin: 

$ offshore wells Nova Scotia: North Sydney F-24, North Sydney P-05, St. Paul P-91 

$  offshore wells Newfoundland: Hermine E-94 

$ Newfoundland wells peripheral to the Sydney Basin: Gannet O-54, Sandpiper 2J-77, 

Phalarope P-62, Murre G-67, Emerillon E-56 

$ basement cores from Placentia Bay and southwest of the Avalon Peninsula 
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Information on Carboniferous outcrops from the Burin Peninsula sampled for various purposes is 

provided in the following references: Bradley (1962: Terrenceville area); Smith (1975: 

volcanics), Strong et al. (1978), O'Brien (1979), Laracy and Hiscott (1982: Carboniferous 

redbeds, Spanish Room Point), O'Brien et al. (1984: Terrenceville area), Irving and Strong 

(1985: paleomagnetism) and Hyde (1995).  

Regional Geology, Tectonics, and Stratigraphy 

The general tectonic setting for the evolution of the mid Devonian to Carboniferous/ Permian 

Sydney Basin is covered in more detail in reviews by Bell and Howie (1990), Gibling et al. 

(2008), Lavoie et al. (2009), and others. Only a brief summary specific to the Sydney Basin is 

presented here and relies heavily on the study of the offshore Sydney Basin by Pascucci et al. 

(2000), the Nova Scotia part of the Basin by Boehner and Giles (2008), the Laurentian Channel 

by Hannigan and Dietrich (2012) and the regional studies of Dietrich et al. (2011) and others.  

Early exploration history and geological studies pertinent to the Maritimes Basin, including the 

Sydney Basin, are covered in some detail in Calder (1998). 

The western Sydney Basin, and the traditional focus for coal and oil exploration, is a saucer-

shaped (King and Maclean, 1976) feature, up to 5 km thick, and cut by a series of half-grabens 

which provided sites for early episodes of sedimentation (Hannigan and Dietrich, 2012). 

The Sydney and Magdalen basins are in direct contact along a fault bounded sill that defines the 

western margin of the Sydney Basin. The Cabot Strait area, which geographically forms the 

boundary between the Magdalen and Sydney basins, has been the focus of many deep and 

shallow seismic studies. Two transects across the western part of the Sydney Basin, and 

documented by Hall et al. (1998), show the Cabot Strait area as being "affected significantly by 

late Carboniferous strike-slip faulting" (Hall et al. 1998, p. 1215).  

Interpreting the stratigraphy of the Upper Paleozoic sediments which infill the Sydney Basin has 

relied heavily on shallow seismic data linked to the extensive onshore exposures on the eastern 

part of Cape Breton Island, the more limited exposures on the Burin Peninsula, and the offshore 

Grand Banks wells which intersect Upper Paleozoic Abasement@.  



 
 96 

Figure 32: Stratigraphy of the Sydney Basin showing formation names corresponding with basic 

lithologic characteristics for onshore strata and identifying horizons where source and reservoir 

strata may be found.  The 3-fold tectonostratigraphic division and interpretation of events and 

strata is in part derived from Pascucci et al. (2000).
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Shallow seismic records of the Sydney Basin and environs have been described in a number of 

offshore studies including those by Grant and McAlpine (1990), Grant and Moir (1992), Grant 

(1994), Langdon and Hall (1994), Pascucci et al. (1999; 2000), Lavoie et al. (2009), Hu and 

Dietrich et al. (2010), and Hannigan and Dietrich (2012) and Enachescu (2012).  Biostratigraphic 

correlations are based upon a much more modest set of samples (commonly cuttings) and where 

anomalies may exist between physical and biostratigraphic markers (e.g. Pascucci et al., 1999; 

p.303). 

 The following summary of the sequence of events associated with deposition of sediments of the 

Sydney Basin was proposed by Pascucci et al. (2000) and incorporates comments from 

Enachescu (2006) and Gibling et al. (2008), and others: 

$ Three older extensional and compressional phases created the Basement: Acadian  

basement of Precambrian and Lower Paleozoic rocks form rift related extensional half-

grabens.  

$ Basin fill divided into three seismic megasequences: Units 1-3 (Figure 32). 

$ Unit 1: the areal restricted Middle Devonian McAdams Lake Formation occurs in outcrop 

on Cape Breton Island, and may occur in some of the deep grabens (Enachescu, 2006); 

White and Barr (1998) postulated it could extend to the NE under the Sydney Basin. The 

main depositional episode associated with Unit 1 involves infilling of extensional basins 

by terrestrial lacustrine and alluvial Lower Carboniferous strata of the Late Devonian(?) 

and Tournaisian Horton and Anguille Groups; depositional geometry supports active fault 

zones during deposition of the Horton Group 

$ Unit 2: Visean to early Namurian subsidence resulting from thermal relaxation and 

eustatic sealevel rise provided accommodation space for deposition of marine evaporites 

and carbonates and non-marine clastics of the Windsor/Codroy and Mabou/Barachois 

groups  

$ re-activation of some extensional faults and inversion of some depocentres produced a 

Namurian-Westphalian unconformity during a tectonic episode correlated with the 

Alleghanian Orogeny 
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$ Unit 3: Late Carboniferous subsidence produced an extensive basin with lacustrine 

deposits of the Morien group in the Sydney basin; these were overlain by Stephanian to 

possibly Permian Pictou Group alluvial, fluvial and estuarine clastics.  

$ A post-Carboniferous (probably Permian) compression deformed the coal measures 

Of significance for petroleum exploration are the distribution and mobilization of evaporites, the 

distribution of faults and folds, and the series of exhumations and burial of strata. 

Pascucci et al. (2000) focussed mainly on the west Sydney Basin and noted that, based on the 

available seismic at that time, salt related structures were not evident, except for a diapir north of 

Scatarie Ridge (Webb, 1973) and domal reflector patterns showing on seismic in the northeast 

area and possibly related to diapirs. For the east Sydney Basin they noted that Lower and Upper 

Carboniferous strata, including Windsor diapirs, have been recorded as underlying the Burin 

Platform and the eastern Grand Banks. Hannigan and Dietrich (2012) later discussed the 

petroleum potential of the west and east basin, and observed that salt diapirs were widespread in 

the southeastern part of the basin and also present in the central part, east of Scatarie Ridge, but 

not in the westernmost part, where a complex zone of faults and ridges are predominant 

(Hannigan and Dietrich et al., 2012). They also recorded inversion anticlines as a major structural 

element in the basin. The disparity between the western part of the basin and the eastern part 

means that good seismic resolution across the entire basin is essential for evaluation of potential 

plays and play fairways. 

The polycyclic nature of extension and compression and associated erosion and burial of 

sediments has consequences for hydrocarbon generation, petrophysical characteristics of reservoir 

and seal rocks, and in the creation and unroofing of structural traps. 

Petroleum System Elements 

Source Rock and Maturation 

The source rocks and thermal maturation for the Sydney Basin have been assessed in a number of 

journal articles, industry reports, Open file reports and other publications commissioned by the 

Geological Survey of Canada and the Nova Scotia Departments of Natural Resources and Energy.  

Government reports in the public domain covering TOC and thermal maturation for individual 
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onshore and offshore wells and drill cores can be accessed through the Natural Resources Canada, 

Earth Sciences Sector, Basin Database, the CNSOPB Digital Data Management Centre, and the 

Nova Scotia Departments of Energy and Natural Resources (see Appendix A). Recent GSC 

publications which provide comprehensive evaluations of petroleum system elements include the 

CSPG Bulletin by Dietrich et al. (2011) and Open-file 6953 by Hannigan and Dietrich (2012). 

Source rock assessments include work by Barss et al. (1980), Marchioni et al. (1994; 1996), 

Mossman (1992), and Mukhopadhyay, (2004).  Barss et al. (1980) plotted kerogen data, TOC, 

TAI's, and vitrinite data for the western Sydney Basin (North Sydney P-05), the east Sydney 

Basin (Hermine E-94), and peripheral wells of the Grand Banks (Gannet O-54, Sandpiper 2-J-77, 

Murre G-67).  Table 4 summarizes their results for the Carboniferous/Devonian strata in these 

wells and shows amorphogen to be an important maceral in the marine Windsor Group as would 

be expected. 

Kendall and Altebaumer (1984; proprietary report referenced in Mukhopadhyay, 2004) looked at 

maturity and geochemistry, including TOC, for the St. Paul P-91 well and recorded low TOC for 

the well. A high methane content of >1000 ppm from cuttings (Windsor and Horton Groups) was 

interpreted as possible contamination but three good gas and condensate-prone source rock zones 

were defined in the Pictou Group. 

Mukhopadhyay (2004) analyzed samples from the onshore Sydney Basin and the North Sydney F-

24 and P-05 offshore wells and provided TOC details for 63 samples and Rock-Eval pyrolysis data 

for 41 samples, and summarized in this report as Table 5. 

The high TOC in the McAdams Lake Formation, which is an approximate age equivalent of the 

marine Marcellus Shale, may be significant. This Middle Devonian (late Emsian-early Eifellian) 

formation is known only from the outcrop on Cape Breton Island but could extend to the NE 

under the Sydney Basin (White and Barr, 1998). White and Barr provide additional information 

on this unit, noting that Smith and Naylor (1990) considered the older member to have humic 

rather than algal content while the upper member remained untested at that time. Hannigan and 

Dietrich (2012) list the McAdams Lake Formation as an oil-prone lacustrine and alluvial shale.   
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Table 4: Summary of kerogen and TOC data from Barss et al. (1980).  In the Bujak et al. (1977) 

classification of organic matter: (1) amorphogen is structureless; (2) pyrogen is non-woody plant 

material including palynomorphs; (3) hylogen is derived from woody material; (4)  melanogen is 

opaque. 

  

   Table 5. Summary of TOC by formation and group based on Mukhopadhyay (2004) with 

additional information from White and Barr (1998).   

 

     



 
 101 

Calder et al. (2002) noted it falls within the oil window.The following summary of potential 

source rocks is from Hannigan and Dietrich (2012) who incorporated information from Macauley 

and Ball (1984), Gibling and Kalkreuth (1991), Mukhopadhyay (1991) and Mukhopadhyay 

(2002; 2004), Mossman (1992), and Pascucci et al. (2000).   In the Hannigan and Dietrich (2012) 

compilation, they show the source rock and reservoir intervals on a stratigraphic column for the 

Sydney Basin (see our Figure 32).  Their key points are as follows:  

$ McAdams Lake Formation (Devonian): lacustrine and alluvial shale (oil-prone) 

$ Horton/Anguille Group: lacustrine (oil-prone) fluvio-deltaic shale (gas-prone) TOC of 

black shale frequently >2% and can reach 20% 

$ Windsor/Codroy Group: marine carbonate and shale (oil- and gas-prone) Type II and III 

kerogens, up to 5% TOC 

$ Mabou/Barachois Group: fluvio-deltaic shale and coal (gas-prone) 

$ Pictou/Morien Group: fluvio-deltaic shale (oil- and gas-prone) and coal (gas-prone) coal 

measures: Type II and III organic matter, TOC values of up to 40%. Type III kerogens 

dominant.  

In addition to conventional gas plays, coal measures in the Sydney Basin are widespread and a 

potential source of gas in the form of coal-bed methane. The extent of the coal measures, mapped 

by Grant and Moir (1992), Hacquebard (2002), Masson and Rust (1990), and the potential for 

coal-bed methane is discussed in Hacquebard (2002) and Hannigan and Dietrich (2012). 

Thermal maturation data in the public domain for onshore and offshore wells can be accessed 

through the Natural Resources Canada, Earth Sciences Sector, Basin Database, and forms the 

basis for some of the vitrinite plots used in our compilations. Other sets of vitrinite data generated 

from other non-government sources are presented in other publications including Mukhopadhyay 

(2004) and Mossman (1992). 

Vitrinite data from onshore sources has been presented in numerous publications such as: 

$ the Hacquebard and Donaldson (1970) summary study of coal maturity and hydrocarbon 

prospectivity  in the Atlantic provinces, and including the Sydney Basin 

$ Late Carboniferous carbonaceous limestones and shales of Nova Scotia, immature with 

Ro < 0.5% which is lower than the accompanying coals. (Gibling and Kalkreuth, 1991) 
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$ Horton Group, Nova Scotia, with low TAI (2 to 3) to high TAI (4 to 5?) (Utting and 

Hamblin, 1991). 

Mossman (1992) assessed the source rock potential for the Carboniferous rocks of the western 

Sydney Basin as well as the strata east and south of Newfoundland. The latter were characterized 

as mostly strongly overmature, but based on the recovery of Horton Group strata within the oil 

window in a Grand Banks well, could have some potential for oil generation (see also TAI Gannet 

O-54, Barss et al., 1980). Mossman also postulated that the type I kerogen associated with the 

Horton Group could withstand greater burial depths than other kerogen types and still generate 

hydrocarbons.  

Thermal maturation across the offshore Sydney Basin is variable and this is evident in the plots of 

data from the North Sydney P-05 and F-34 wells, compared with the St. Paul P-91 well at the 

western margin of the basin (Figures 33 and 34), and the Hermine E-94 well in the eastern 

Sydney Basin (Avery, 1987). 

Mukhopadhyay (2004) and Mossman (1992) summarized vitrinite data from a number of reports 

from the onshore and offshore Sydney Basin.   This data shows: 

$ Cumberland Group coal seams: 0.6 to 1.0% Ro for most surface and near-surface coals 

(Avery in unpublished GSC reports 1977-1985 and Mukhopadhyay, 1992); 

$ Horton Group, Macumber Formation, and Cumberland Group: range of 0.73 to 1.16% Ro 

(Mossman, 1992, in a review of Hacquebard, 1986); 

$ North Sydney F-24 and P-05 wells (Figure 33): 0-1000 m rapid increase from 0.5 to 

0.85% Ro, 1000-1700 m very little increase. North Sydney P-05 approaches 1.8% 

(overmature) near TD ( Mukhopadhyay, 2004);    

$ St. Paul P-91 well (Figure 34): vitrinite reflectance 0.97% at 690 m to 3.19% at 2833 m, 

so mostly overmature (Kendall and Altebaumer, 1984 proprietary report referenced in  
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Figure 33:  North Sydney F-24 and P-05 in northwest Sydney Basin and near Cabot Strait remain 
in the oil window .  Figure from Mukhopadhyay (2000). 
 
 

 
Figure 34:  St Paul P-91 on the fault zone separating Sydney and Magdalen basins is overmature 
and well outside the oil window.  Composite figure derived from Mukhopadhyay (2000).
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Mukhopadhyay, 2004); most of the Carboniferous within the gas generation window 

(Hannigan and Dietrich, 2012); 

$ Hermine E-94 well: oil window lost, as Ro jumps from 0.5 to 1.82 at 

Carboniferous/Cretaceous unconformity; peak maturation of Carboniferous strata before 

Mesozoic erosion and sedimentation (Avery, 1987). 

Mukhopadhyay's assessment of 63 samples from the west Sydney Basin onshore and the North 

Sydney wells concluded that vitrinite reflectance showed all samples to be within the " the so-

called oil window (0.5 B 1.35% Ro)" (Mukhopadhyay, 2004). 

Hannigan and Dietrich (2012) provide the following assessment of maturation for the Magdalen 

and Sydney Basins: 

$ Highest maturation (on surface) in onshore basin margins (gas generation window or over-

mature); 

$ Offshore strata are within the oil window (at surface) for most areas; 

$ Peak hydrocarbon generation during late Carboniferous to Permian; 

$ For the Maritimes Basin, maturation models indicate post-Permian uplift and erosion of 

1000-4000 m of strata. 

Pascucci et al. (2000) stress that because of the polycyclic history of the Sydney Basin, strata may 

have passed through several phases of hydrocarbon generation. In addition, the basin fill today is 

at moderate depths as a result of the removal of considerable thickness of strata from the early 

Mesozoic or possibly earlier. 

In summary, an extensive database already exists for the onshore Nova Scotia part of the Sydney 

Basin and the three nearshore wells. The west Sydney Basin wells are within the oil window 

(North Sydney F-24 and P-05) or mostly overmature (St. Paul P-91), but as noted by 

Mukhopadhyay (2004), the North Sydney F-24 and P-05, St. Paul P-91 wells are close to a major 

fault zone and this could influence maturation due to hydrothermal activity along the faults and 

results may not be typical. As is generally the case for the Maritimes Basin, data from the 

offshore is sparse, and in the case of the Sydney Basin, is concentrated on or peripheral to the 

basin margins. In the east Sydney Basin, Carboniferous strata in the Hermine E-94 well have a 
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different burial history from the west basin and are overmature. A complex series of grabens and 

folds and salt diapirs characterize different parts of this polycyclic basin. The general paucity of 

well data from the offshore east basin, and of both well data and seismic data from the central part 

of the basin, sets constraints on high resolution modelling within these areas, especially within the 

area bordering the St. Pierre-Miquelon corridor. 

Traps, Seals and Reservoirs 

In Nova Scotia, reservoir quality for the Sydney Basin was assessed as a part of a comprehensive 

assessment of well porosity and permeability data for the Maritimes Basin (Bibby and Shimeld,  

2000). These authors compiled reservoir data which summarized all public domain data then 

available for the Permian to Carboniferous sandstones of the Maritimes Basin, primarily well logs 

and core samples (cores from 24 onshore/offshore wells and 202 core samples from the Sydney 

Coalfield) as well as two outcrop reservoir studies, and clay mineral analyses, and used the data 

which they considered to be reliable, while excluding the data they deemed questionable from the 

plots. Hu and Dietrich (2008, 2010) among others provide more recent reservoir information for 

the Sydney Basin, and specific information on the North Sydney F-24 and Hermine E-94 wells. 

Specific details of porosity and permeability for Sydney Basin offshore wells are provided in the 

following publications, but are discussed in others: 

$ North Sydney F-24: Hu and Dietrich 2008, 2010; Bibby and Shimeld (2000) core and well 

logs; 

$ North Sydney P-05: *Bibby and Shimeld (2000) well logs; 

$ Hermine E-94: Hu and Dietrich 2010; * Bibby and Shimeld (2000) well logs; 

$ St. Paul P-91: Bibby and Shimeld (2000) core and well logs. 

*Questionable data quality according to Bibby and Shimeld (2000). 

Hu and Dietrich (2010) assessed porosity and permeability for Carboniferous strata from North 

Sydney F-24 and Hermine E-94, expanding on the earlier work of Hu and Dietrich (2008) which 

dealt only with the North Sydney F-24 well for the Sydney Basin.  A summary of sandstone 

porosity for the North Sydney F-24 well is given in Table 7 of Hu and Dietrich (2008: and 

reproduced here as Table 4) while a graphic plot of porosity and permeability for the 
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Carboniferous strata of the North Sydney F-24 and Hermine E-94 wells is given in Fig. 7 of Hu 

and Dietrich (2010), and sandstone porosity depth trends based on these wells are plotted in their 

Figs. 9 to11.  Figures based on these two wells show that porosity spans the 7.5% line between 

conventional and non-conventional porosity in the western part of the Sydney Basin, although it is 

skewed towards conventional figures (North Sydney F-24), while in the eastern Sydney Basin 

(Hermine E-94), where Carboniferous strata are overlain by approximately 1.6 km of Cenozoic 

and Mesozoic strata, the plot lies almost entirely within the range for non-conventional reservoirs, 

except for three intervals of greater porosity, likely reflected secondary porosity. The summary 

assessment of North Sydney F-24 core samples by Hu and Dietrich (2008) states that most 

samples have porosities between 6-12% and permeabilities between 0.01 to 1.0 md. Based on 

well logs, the best quality porosity is 20% and permeability 100 md for this well (Hu and 

Dietrich, 2010). Overall, porosity and permeability decreases with depth in the Sydney Basin (Hu 

and Dietrich, 2010). 

 

 

  

Table 4: North Sydney F-24 well showing percentage of sandstone beds in each formation and 

group with indicated porosity and permeability ranges.  Modal values are highlighted.  Table 

redrawn from Table 7 of Hu and Dietrich (2008).  
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Compared to the Magdalen Basin, Hu and Dietrich (2010) concluded that, based on the studied 

wells, the Sydney Basin had "the poorest reservoir quality, with the lowest average porosity over 

most depth intervals". 

The earlier report by Bibby and Shimeld (2000) included data plots for the two North Sydney 

wells, F-24 and P-05, as well as the St. Paul P-91 well in their reservoir study. As would be 

expected, their plots for the North Sydney wells are comparable to those of Hu and Dietrich for 

North Sydney F-24, with median values of 7.9-10.2 p.u. for both wells from well logs (Bibby and 

Shimeld, 2000). Two cores from North Sydney F-24 plot mostly in the 5-10% porosity range with 

permeability mainly in the 0.001 to just over 0.1md range (Bibby and Shimeld, 2000). 

Based on geophysical logs, they reported generally very low porosities (<5 p.u. effective porosity) 

for the St. Paul P-91 well, with minor streaks of higher porosity (Bibby and Shimeld, 2000, fig. 

17). Two core samples from the Horton Group (2883-2884.75 m) show porosities of  7% and 9%, 

with permeabilities between 0.001 and 0.1 md.  

A general assessment of reservoir potential for the Sydney Basin includes recent studies by 

Enachescu (2006), Hu and Dietrich (2008, 2010), Dietrich et al. (2011), and Hannigan and 

Dietrich (2012). Hannigan and Dietrich (2012, p. 7) considered the main reservoir sandstones to 

represent " lacustrine shoreface, deltaic-fluvial channel fills, alluvial fans, and multi-storied 

fluviatile channels" distributed among the (i.) McAdams Lake Formation; (ii.) Horton/Anguille 

Group; (iii.) Mabou/Barachois Group; and (iv.) Bradelle and Cable Head formations in the 

Pictou/Morien Group and, potentially,( v.) marine carbonate rocks of the Windsor/Codroy Group. 

The distribution of potential petroleum plays is presented diagrammatically in Dietrich et al. 

(2011) and Hannigan and Dietrich (2012).  

Based on the previous discussion, the following are factors to consider in assessing reservoir 

potential in the Sydney Basin: 

$ Porosity and permeability decreases with depth in the western Maritimes Basin sandstones 

(Bibby and Shimeld, 2000; Hu and Dietrich, 2010); 

$ Based on the wells examined  by Hu and Dietrich (2010), the Sydney Basin has the 

poorest reservoir quality;  
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$ The Sydney Basin is complex and laterally variable, and only a limited number of wells 

have provided the data discussed here which may not be representative of the entire basin 

from west to east; the North Sydney and St. Paul P-91 wells, for example, were drilled on 

structural highs (Enachescu, 2006). 

$  Porosity is quite variable across the entire Maritimes Basin, and the tested areas may not 

be representative spatially or stratigraphically; 

$ Since higher porosities occur in other wells in the Maritimes Basin not cited above, 

secondary porosities could be higher in untested parts of the basin (Bibby and Shimeld, 

2000) 

$ Horton and Windsor Group sandstones potentially could be better reservoir rocks (Kendell 

and Harvey, 2006) 

$ Only thin intervals of  Horton and/or Windsor Group strata have been drilled in the North 

Sydney wells; thicker sections have been drilled at the western and eastern limits of the 

Sydney Basin (HG: St. Paul P-91; WG: Hermine E-94) and onshore (H&WG: Birch 

Grove No. 1, no hydrocarbon accumulations or shows; Hannigan and Dietrich, 2012); 

$ Windsor Group carbonates show good porosity onshore on Cape Breton Island and are 

also preserved on the Burin Peninsula of Newfoundland; 

$ The porosity database for the entire Maritimes Basin is skewed towards the Upper 

Carboniferous Morien/Pictou Group (Bibby and Shimeld, 2000) 

Seals and traps were accessed by Hannigan and Dietrich (2012) who noted that there are many 

effective seals over a widespread area. These include: 

$ Thick halite deposits in the middle Windsor/Codroy Group seal reservoirs in the 

McAdams Lake Formation, Horton/Anguille Group and lower Windsor/Codroy Group; 

$ Thick shale intervals in the Mabou and Pictou/Morien groups are potential seals (shale 

seals in the Stoney Creek, McCully, and East Point fields). 

Potential traps described by Enachescu (2008, fig. 5 and summarized in Hannigan et al., 2012) 

include: 

$ faultblocks; 

$ roll-over anticlines, transpressional anticlines; 
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$ salt-diapir structures (central and eastern Sydney Basin); 

$ Windsor Group carbonate reefs; 

$ onlap of sandstone onto basement highs or sub-basin margins; 

$ unconformity truncations. 

Overall, low porosity and permeability is a risk factor for most of the Sydney Basin reservoir 

rocks if only conventional porosity is considered. 

Potential plays in the Sydney Basin 

The three conventional plays identified by Lavoie et al. (2009) in their assessment of petroleum 

potential of the Carboniferous-Permian strata of the Maritimes Basin are all represented in the 

Sydney Basin  and are discussed and presented diagrammatically in Hannigan and Dietrich 

(2012). 

$ Lower Carboniferous (Tournaisian-Visean) sandstones, Horton/Anguille Group, plus 

Middle Devonian sandstones,  McAdams Lake Formation, which occur locally in the 

Sydney Basin. This play is restricted to the west Sydney Basin, offshore Nova Scotia and 

Newfoundland and was not identified in the east Sydney Basin (Hannigan and Dietrich, 

2012). 

$ Lower Carboniferous (Visean) carbonate play, all marine carbonates of Windsor/Codroy 

Group, esp. Gays River bioherms. This play is known only from the west Sydney Basin 

(Hannigan and Dietrich, 2012). 

$ Upper Carboniferous (Namurian)-Early Permian sandstones, Mabou/Barachois and 

Pictou/ Morien groups. This play is known from both the west and east Sydney Basin 

(Hannigan and Dietrich, 2012). 

$ Unconventional coal bed methane play. This play is associated with the coal measures in 

the west Sydney Basin only (Hannigan and Dietrich, 2012), although coal measures are 

also present on the Burin Platform (King et al., 1986). 

Rocks tend to be gas prone type 3 strata with some oil prone type 1 lacustrine algal deposits. 

Plays identified from regional studies include fault blocks and diapirs.  With significant 

uplift and erosion documented, seal rock and trap integrity remain issues. 
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Summation 

The knowledge base for the Sydney Basin is extensive, but is mostly derived from onshore 

studies on Nova Scotia outcrops, drill holes, drill cores and wells. This information is augmented 

by data from three offshore wells on the Nova Scotia side of the basin, a single well off the south 

coast of Newfoundland, and the peripheral wells on the Grand Banks. Much of the onshore and 

offshore information is in the public domain, or, if derived from internal reports, may be 

referenced in published studies. Nonetheless, there are a lot of internal studies which not available 

for general access.  A number of comprehensive studies specific to the Sydney Basin and of a 

more regional nature have addressed many aspects of tectonics, stratigraphy, and petroleum 

potential. The lithostratigraphic and biostratigraphic framework developed primarily from 

onshore studies appears to be robust and applicable to the wells in the offshore Sydney Basin.  

Seismic studies in the public domain are mainly older studies and quality of seismic data is often 

poor. Better quality recent studies such as the Husky Oil study are still confidential but will no 

doubt provide useful information on the structure of the west basin. There is very little available 

seismic data from the central part of the basin. The east basin, except near the eastern margins 

where the Sydney Basin and Mesozoic basins overlap on the Grand Banks, also has poor seismic 

coverage.  High resolution analysis of petroleum systems associated with complex fault systems 

and diapirs in the central and eastern parts of the Sydney Basin is limited in scope given the 

available seismic database. 

Vitrinite data from onshore strata, and from the few offshore wells which have been drilled is 

available through the databases and publications cited earlier. Reservoir studies of porosity and 

permeability are also available for the wells, but again, coverage is peripheral, and most data is 

from the onshore west basin. Variability in thermal maturation apparently occurs across the basin, 

and the details of exhumation and burial for localized fault basins can only be postulated but not 

accessed without good quality seismic data at the least, and well data at best. 

Biostratigraphic zonations for the Sydney Basin and Atlantic region were originally based on 

plant macrofossils, but have been supplemented by zonations based on palynology which are 

readily applied to suitable strata in the subsurface. Numerous publications and open-file reports 
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are in the public domain. These palynostratigraphic zonations have been modified and are still in 

a process of revision but our assessment is that these biostratigraphic units are of good resolution 

and regionally applicable. 
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government agencies.  
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APPENDIX 2  
 

GLOSSARY OF SEARCH WORDS WITH REGIONAL SIGNIFICANCE FOR 
STRATIGRAPHIC AND PETROLEUM GEOLOGY STUDIES, AND WITH 
NUMBERS OF CITATIONS (AHITS@) FOR EACH SEARCH WORD.  



 
 176 

A 

Acadian orogeny 189

Acritarch Alteration Index 6

Acritarcha  33

Aguathuna Formation 77

Albert Formation 37

Algae 73

Alleghanian orogeny 29

Allochthon 612

American Tickle Formation 14

Anguille Group 198

Anguille H-98 well 3

Anhydrite 30

Anticosti Basin 206

Anticosti Island 102

API gravity 16

Appalachian Orogeny 113

Appalachian structural front 51

Appalachian-Caledonian Orogeny  33

Archaeocyatha 28

Arthropoda 67

Assessment Reports 351

Autochthon 119

 

B 

Barachois Group 89

Barite 41

basin analysis 37

Bateau Formation 12

Bay of Islands, Nfld 84

Bay of Islands Ophiolite Complex 89

Bay St. George Sub-basin 698

Beekmantown Group 39

Berry Head Formation  22

Bibliographies 13

Biofacies 33

Biogeography 10

Bioherms 110

Biomarkers 10

Biostratigraphy 296

biostromes  8

Bitumen 64

Bivalvia 10

Black Cove Formation 45

Black River Group 25

black shale 53

Blow Me Down Brook Formation 63

Blue Gulch Formation 6

Boat Harbour Formation 60

Bonne Bay, Nfld 70

Brachiopoda 82

Bradelle Formation 5

Bradelle L-49 well 8

Bradore Formation 71

Breccia 103

Brion Island No. 1 well 9

Bryozoa 24

BSG #1 well 4

burial history 69

 

C 

Cable Head Formation 5
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Cablehead E-95 well 4

Cabot Fault 58

Cabot Strait 42

Calcite 21

Caledonian Orogeny 2

Caledonides 4

Calls for Bids 13

Cambrian 688

Canada Bay 30

Canso Group 14

Cape Breton Island 62

Cape Cormorant Formation 45

Cape Rouge Formation 30

Captain Cook # 1 well 1

carbonate platform 153

carbonate rocks 530

Carboniferous 967

Cathodoluminescence 14

Catoche Formation 106

Celestite 21

Cementation 15

Cephalopoda 9

Chemostratigraphy 11

Chitinozoa 27

Chronostratigraphy 11

Clam Bank Formation 69

clastic rocks 327

clay mineralogy 26

Claybar #1,2,3,4 wells 8

Cloridorme Formation 8

C-NLOPB geology reports 13

C-NLOPB geophysics reports 41

Coal 262

coal measures 33

coal rank 31

coalbed methane 22

Coalification 12

Codroy Group 177

Codroy Road Formation 16

Coelenterata 8

Conche, Nfld 34

condensate zone 10

conglomerates  51

Conodont Alteration Index  40

Conodonts 154

continental margin 40

continental shelf 16

Cooks Brook Formation 45

Corals 25

Cormack Sub-basin 1

Cow Head Group 318

Cow Head, Nfld 14

Crouse Harbour Formation 21

Crustacea 21

Cumberland Group 42

Curling Group 161

 

D 

Daniels Harbour, Nfld 123

Daniels Harbour Member 9

Dashwoods microcontinent 15

debris flow 30
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Deer Lake Basin 347

Deer Lake Group 145

deformation 73

depositional environment 175

Devonian 233

Diagenesis 277

diamond drill hole Iogs 23

diamond drill holes 150

Dolomite 67

Dolomitization 115

Dolostones 71

drill core 75

drill cuttings 3

Drillholes 426

drillstem tests 2

 

E 

e m surveys 28

Eagle Island Formation 10

East Point E-47 well 1

East Point E-49 well 14

Echinodermata 7

economic geology 186

Eddies Cove Formation 3

em surveys 28

Environmental Assessments 8

Esquiman Channel 8

Evaporites 232

exploration history 60

 

F 

facies 317

faults 173

faults, thrust 76

FB2-76 drillhole 3

Field Trip Guidebooks 43

Finnegan #1 well 3

Fischells Brook Member 3

fission track dating 30

Flat Bay Anticline 7

Flat Bay wells 19

flower structures 9

fluid inclusions 64

fluid migration 35

fluid pressure 9

fluorescence analyses 11

Flysch 68

Folds 76

Foraminifera 28

foreland basin 119

Forteau Formation 95

Forty-five Brook Formation 14

fossil fuels 332

Fractures 52

Friars Cove Formation 3

 

G 

Gamma ray surveys 26

Garden Hill South Field 20

gas chromatography 9

Gaspe Peninsula 95

Gastropoda 30
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Geochemistry 470

Geochronology 93

Geophysical well logs 11

geophysics  751

geothermal gradient  36

GIoeocapsomorpha  10

glaciation  29

Gold Cove Formation  5

Goose Tickle Group  128

gradiometer surveys  16

Graptolites  143

gravity anomalies  31

gravity data  131

Great Northern Peninsula  53

Green Point Formation  117

Greenland  16

Gulf of St. Lawrence 246

Gypsum 115

 

H 

Hare Bay Allochthon 48

Hare Bay E-21 well  14

Hawke Bay Formation  80

heat flow  7

Hermine E-94 well  18

Historic (pre-1960)  375

Horton Bluff Formation  6

Horton Group  123

Howe Harbour Member  3

Howley Formation  52

Howley Sub-basin  2

Hughes Brook Formation  12

Humber Arm Allochthon  530

Humber Arm Group  13

Humber Arm Supergroup 25

Humber Falls Formation  65

Humber Zone  547

Hurricane #1,2 wells 2

hydrocarbon exploration  215

hydrocarbon expulsion  13

hydrocarbon generation  123

hydrocarbon geochemistry  22

hydrocarbon inclusions  10

hydrocarbon migration  91

hydrocarbon seeps  95

hydrocarbon shows  75

hydrocarbon system  83

Hydrocarbons  605

hydrothermal dolomite  79

hydrothermal fluids  17

hydrothermal vent  3

 

I 

i p surveys 16

ichnofossils  35

inversion structures  45

Invertebrata  114

Irishtown Formation  40

Irishtown No. 1 well 5

Isotope geochemistry  5

isotopes  173

isotopes, radiogenic  13
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isotopes, stable  85

 

J 

 

K 

karst 68

Kennels Brook Formation  3

kerogen  54

klippen  39

 

L 

Labrador Group 189

lacustrine  24

Laurentian Channel  28

Lighthouse Cove Formation  3

limestones  165

lithofacies  107

lithology  99

LITHOPROBE  51

lithostratigraphy  156

Little Pond Brook Formation  6

Little Port Complex  7

Logan's Line  5

Long Point Group  108

Long Point M-16 well  14

Long Range A-09 well  11

Long Range Fault  12

Lorraine Group  11

Lourdes Formation  34

Lower Head Formation  37

 

M 

Mabou Group 50

Macasty Formation  28

macerals  29

Magdalen Basin  854

Magdalen Islands  21

magnetic anomalies  32

magnetic data  274

magnetic surveys  174

magnetic susceptibility  10

magnetic vertical gradient  2

magnetostratigraphy  6

magnetotelluric data  6

Maiden Point Formation  16

Mainland Formation  24

Man O=War I-42 well  4

Maps 283

marble 26

March Point Formation 50

marine geology 107

Maritimes Basin 130

McCully Field 10

melange 70

Mesozoic  15

metamorphic facies  38

metamorphic grade  8

metamorphic rocks  31

metamorphism  91

microfossils  130

Middle Arm Point Formation  30

Mills #1,2,3 wells  2
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mineralization  104

Mingan Formation  29

Mingan Islands  25

Mississippi Valley type deposits 16

Mississippian  175

Misty Point Formation  13

molasse  2

Mollusca  19

Morien Group  27

mudstone  35

multibeam bathymetry  4

 

N 

Nalco 65-1 well 5

Nappes 3

Naufrage No. 1 well 1

Neoproterozoic  45

New Brunswick  199

Newfoundland and Labrador  301

Newfoundland Shelf  14

North Brook Formation  79

North Sydney F-24 well  7

North Sydney P-05 well  7

Northern Head Group  60

Northumberland Strait  3

Northumberland Strait F-25 well 4

Northwest Arm Formation  8

Nova Scotia  301

 

O 

Oil analyses 9

oil shale  111

Old Harry structure  20

Oldhamia  7

ophiolite  127

Ordovician  973

Organic geochemistry  39

organic petrography  2

organic petrology  32

organic residues  15

orogeny  15

Ostracoda  36

Overfall Brook Member  1

oxygen index  2

 

P 

paleobotany 3

paleoclimate  56

Paleoecology  68

Paleoenvironment  113

Paleogeography  133

Paleomagnetism  60

Paleontology  816

Paleotemperature  8

Palynology  122

Parsons Pond, Nfld 105

Parsons Pond Thrust  12

Parsons Pond wells  11

passive margin  88

Penguin Cove Formation  10

Pennsylvanian  96

permeability  114
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Permian  52

Petit Jardin Formation  57

Petrography  45

petrology  13

petrophysics  6

Pictou Group  51

Pinchqut Lake Group  10

Plantae  50

plate tectonics  225

Pleistocene  7

pockmarks  13

pore fluids  2

pore pressure  2

Porifera  15

porosity  236

Port au Choix, Nfld  45

Port au Port #1 wells  50

Port au Port Bay, Nfld  41

Port au Port Group 140

Port au Port Peninsula, Nfld  364

Port Saunders, Nfld  12

potash  39

potential field data  26

Potsdam Group  15

PowerPoint presentations  48

Precambrian  106

Prince Edward Island  95

Princeton workers  18

Proterozoic  83

Protista  11

pseudobreccia  28

pyrite  43

Pyrobitumen 18

 

Q 

Quaternary 22

Quebec  362

 

R 

radiolaria 20

radiometric dates  77

radiometric surveys   60

Red Brook #1,2 wells  3

Red Island Road Formation  10

reflectance  67

Regional  13

regional geology  100

regional setting  567

regional stratigraphy  27

regional structure  71

regional tectonism  75

Reid Lots  38

Reluctant Head formation  31

reservoir rock  471

resistivity surveys  6

rifting  25

Riversdale Group  15

Robinsons #1 well  2

Robinsons River Formation  13

Rock-Eval  56

Rocky Brook Formation  109

Romaine Formation  46
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Round Head Thrust  37

 

S 

s p surveys 2

Salinian Orogeny  29

salt  143

Salt tectonics/structures  91

Saltwater Cove Formation  18

sandstone  114

scolecodonts  11

sea level change  55

seal rock  100

Seamus #1 well  3

Searston Formation  15

sedimentary facies  8

Sedimentary petrology  90

sedimentary structures  51

sedimentation  96

sedimentology  171

seismic data  327

Seismic stratigraphy  14

seismic surveys  33

sequence stratigraphy  24

shale gas  30

shale oil  11

shales  139

Shallow Bay Formation  36

shear zones  14

shelly fauna  13

Ship Cove Formation  44

Shoal Point #1,2 wells  5

Shoal Point K-39 wells  18

Shoal Point, Nfld 44

side-scan sonar  10

siliciclastics  16

Silurian  107

Skinner Cove Formation  9

Skolithos  7

Snakes Bight Formation  21

Source rock  482

Spanish Room Formation  6

sphalerite  69

Spout Falls Formation  12

St. Anthony Basin  154

St. George Group  435

St. George Unconformity  47

St. George's Bay A-36 well  11

St. George's Bay, Nfld  100

St. Lawrence Lowlands  20

St. Lawrence Platform  491

St. Lawrence Promontory  39

St. Paul P-91 well  2

St. Pauls Inlet, Nfld  55

Stoney Creek Field  20

Storm #1 well 1

Strait of Belle Isle  25

Stratigraphy  802

stromatolites  30

stromatoporoids  2

structural geology  673

Summerside Formation  23

surficial geology  167
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Sydney Basin  251

Sydney Coalfield  15

sylvite  11

 

T 

Table Cove Formation 27

Table Head Group  361

Table Point Formation  60

Taconic allochthons  33

Taconic Orogeny  158

tectonic setting  28

tectonic wedge  16

Tectonics  298

Tectonophysics  29

tectonostratigraphy  49

Terrenceville Formation  8

thermal alteration index  24

thermal history  31

thermal maturation  307

thermochronology  27

Thirty-Fifth Brook Formation  3

thrombolites  23

thrust sheets  10

timing  29

total field magnetics  18

total organic carbon  100

Traps  169

Trenton Group  37

triangle zone  55

Trilobita  167

tubeworms  10

turbidite  38

Two Gut Pond, Nfld  3

 

U 

ultramafic rock 14

unconformities  26

unconventionals  105

uranium  37

Utica Shale Formation  32

 

V 

Vaureal Formation 16

Verrazano L-77 well  9

vitrinite reflectance  85

volcanics  56

 

W 

water saturation 4

Watts Bight Formation  60

Weasel Group  6

well logs  19

well reports  84

wells  303

Werner Hatch #1 well  4

Western Adventure #1,2 wells 4

Wetstone Point Formation  3

White Bay Allochthon  7

White Bay, Nfld  68

Wigwam Brook Formation  3

Windsor Group  129

Winterhouse Formation  27
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Woody Cape Formation  5

 

X 

 

Y 

Young Harry Structure 1

 

Z 

Zinc +/- lead 195
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ACCESSING GOVERNMENT WEB SITES AND REPOSITORIES 
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 ACCESSING WELL, DRILL HOLE AND DRILL CORE SAMPLE DATA 
 

The western Newfoundland Paleozoic basins share international boundaries with France (St. 

Pierre and Miquelon) and provincial boundaries with Nova Scotia and Quebec. Well, drill hole 

and drill core sample data for these basins is archived by both federal and provincial agencies in 

Canada. Onshore and offshore exploratory wells are also administered by different 

administrative bodies. Some duplication of information is inevitable, and a complete record of 

information may require accessing several agency websites. 

 

Appendix 1 of this report lists available core, sidewall core and cuttings from wells drilled in the 

western Newfoundland Paleozoic basins as well as basement cores from Notre Dame Bay, 

Placentia Bay and southwest of the Avalon Peninsula. Information on outcrop sections is not 

included in this Appendix but does form part of the References Database accompanying this 

report (see Appendix 2 – and use keywords for strata). The sections which follow describe the 

type of information provided by each agency and a brief summary of how to access the 

information from each site. 
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The Natural Resources Canada, Earth Sciences Sector, Basin Database 
 

The Natural Resources Canada, Earth Sciences Sector, Basin Database provides a fairly 

comprehensive listing of samples from offshore and onshore wells which have penetrated 

Paleozoic strata in Newfoundland/Labrador and Nova Scotia, in addition to very limited 

information on Quebec wells. It also provides links to pertinent provincial regulatory boards 

(BASIN Database_Data Confidentiality). Well and government links can be accessed at the 

websites listed below. 

 

Well data B http://basin.gdr.nrcan.gc.ca/wells/index_e.php 

Provincial weblinks B http://basin.gdr.nrcan.gc.ca/disclaimer_e.php 

Well data from this site (BASIN Database_Wells) can be searched under the following headings: 

(*the interactive mapping application is unavailable as of 15/08/2013) 

For each well the following categories of information may be available 

 

 

 

 

 

 

Sample data is available in Excel, ASCII text, or Print Version format. The site lists conventional 

core, sidewall core, and cuttings. 
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The Newfoundland and Labrador Department of Natural Resources Database 
 

The Newfoundland and Labrador Department of Natural Resources Database provides 

information on mineral exploration drill cores from the island of Newfoundland. These cores are 

housed in one of the six core storage libraries located at St. John's, Springdale, Buchans, Baie 

Verte, Pasadena and Goose Bay. Information on all core samples in storage, including links to 

available reports, can be accessed through a searchable digital database. Just activate the 

information tool (i) on the interactive map at 

GeoScience OnLine - http://gis.geosurv.gov.nl.ca/resourceatlas/viewer.htm 

 

The Onshore Schedule of Wells  (see Appendix 1) from the NLDNR site is a PDF file providing 

location and other information on onshore wells, but it does not include a list of core or cuttings 

samples. The site does provide links to downloadable final well reports which can include some 

sample information. Selected core samples from onshore wells drilled in Western Newfoundland 

are stored at the Mines Branch Core Storage Library in Pasadena, Newfoundland, and 

information on these wells is available from the Director of Petroleum Resources Development 

Division, Energy Branch. 

 

Onshore Schedule of Wells - http://www.nr.gov.nl.ca/nr/energy/petroleum/onshore/onshore.html 

Final Well reports at Energy_Petroleum_Publications_Petroleum- Onshore_Final Well Reports - 

http://www.nr.gov.nl.ca/nr/publications/energy/final_well_report.html 

 

 Deer Lake Geology and Geophysics data 

Industry reports for petroleum geology and geophysics activities in the Deer Lake Basin are filed 

with the Provincial Government and available online at the following addresses: 

http://www.nr.gov.nl.ca/nr/publications/energy/released_geological_geophysical_reports.html 

http://www.nr.gov.nl.ca/nr/publications/energy/final_well_report.html 

Cores and reports from many mineral exploration programmes in western Newfoundland are also 

identified online. 
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Cores are registered and stored at the Natural Resources building in Pasadena NL: 

Pasadena Core Library  

1A 10th Avenue, Pasadena, NL, A0L 1K0.  

 

Some Petroleum exploration cores and cuttings are currently curated by ..... and housed at 

ccccccccccccc GET ADDRESS FROM LARRY HICKS 
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The Canada Newfoundland and Labrador offshore Petroleum Board (CNLOPB)
 

The Canada Newfoundland and Labrador offshore Petroleum Board (CNLOPB) manages the 

core, drill cuttings, fluid samples, biostratigraphic slides and petrographic slides from over 370 

wells drilled in the Newfoundland and Labrador Offshore Area. These are housed in the Core 

Storage and Research Centre in St. John's, Newfoundland. The following summation of inventory 

is from the Canada Newfoundland and Labrador Core Storage and Research Centre website: 

$ 5000 boxes of cutting samples 

$ 8000 metres of core 

$ 7500 sidewall core samples 

$ 40,000 geological slides 

$ 200 fluid samples 

 

Information on individual wells, including a listing of conventional cores, can be accessed as PDF 

files under Information and Reports_Schedule of Wells at: 

http://www.cnlopb.nl.ca/ 

 

It should be noted that the CNLOPB lists conventional core only, providing depth range and 

percentage recovered for each core unit. This differs from the Natural Resources Canada, Earth 

Sciences Sector, Basin Database which shows lists for sidewall core and cuttings, in addition to 

conventional core, which on the NRC site is described by depth range and amount of core 

recovered. 
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The Canada Nova Scotia Offshore Petroleum Board (CNSOPB) 
 

The Canada Nova Scotia Offshore Petroleum Board (CNSOPB) manages geological samples in 

the form of washed cuttings, unwashed cuttings, sidewall core, conventional core, and well site 

samples as well as micropaleontology and palynology slides and recent fluid samples from 207 

offshore wells drilled in the Nova Scotia Area (to February, 2013). Core and cuttings from the 

Nova Scotia Sydney Basin wells are stored at the CNSOPB Geoscience Research Centre facility 

in Dartmouth, Nova Scotia. 

 

Basic well information (but not sample data) is given in two PDF files. The CNSOPB Data 

Management Centre, does however allow registered users to access available digital data 

including information on cores, cuttings, slides, well reports and seismic data without charge.  

 

The following summation of inventory is from the CNSOPB website 

$ 139,746 bags of unwashed cuttings 

$ 166,182 vials of washed cuttings 

$ 11,549 bags of geochemistry samples 

$ 6,356.68 m of drill core 

$ 14,508 vials of sidewall core 

$ over 432 released geological and geophysical reports. 

 

The CNSOPB site is - http://www.cnsopb.ns.ca/ 

 

Wells are listed  under the Geoscience_Directory of Wells - 

http://www.cnsopb.ns.ca/geoscience/directory-of-wells and with Publications at - 

http://www.cnsopb.ns.ca/geoscience/geoscience-publications/geoscience-reports   

 

Apply for a CNSOPB Digital Data Management Centre Internet Access Account by following the 

link to Visit the Data Management Centre at - http://www.cnsopb.ns.ca/geoscience/data-

management-center  
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The Nova Scotia Department of Natural Resources (NSDNR), Mineral Resources Branch 
(MRB) 
 

The Nova Scotia Department of Natural Resources (NSDNR), Mineral Resources Branch (MRB), 

maintains an extensive database covering most of the onshore drill holes and drill cores from 

Nova Scotia. The drill core is archived in the Nova Scotia Drill Core Library in Stellarton, Nova 

Scotia. Information on accessing these cores, and searching the Drill Hole Database, is provided 

on the NSDNR website. Reference reports, maps, and data files are also archived at their Core 

Library. Digital copies of some of these files are available on the NSDNR website. An interactive 

drill hole map can be downloaded or information can be downloaded in tabular form.  

(Note: For this report, the drill hole map was accessed using the free ArcGIS Explorer application 

on the ARC Explorer website, not  ArcExplorer 2 linked on the NSDMR site)  

 

The Core Library also houses cores and cuttings from most onshore oil, gas and coalbed methane 

wells (from1959), and vials of cuttings samples from 136 offshore wells. 

Information can be accessed by following the links given below or enquires can be addressed to 

the agency. 

 

Drill holes B  http://www.gov.ns.ca/natr/meb/download/dp003.asp 

Drill cores B Nova Scotia Core Library (internal database only at this time) 

Reports, maps, etc. B http://www.gov.ns.ca/natr/meb/pubs/pi_nvscn.asp 

 

The following summation of inventory is from the Nova Scotia Core Library Website: 

$ 650,000 metres of core from about 7500 drill holes (Precambrian to Cretaceous) 

$ cores and cuttings from most onshore oil, gas and coalbed methane wells (from1959) 

$ holes drilled for coal in offshore Cape Breton 

$ approximately 72,600 samples of washed cuttings in vials from136 offshore hydrocarbon 

exploration wells ( 1967-1993)  
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The Nova Scotia Department of Energy 
 

The Nova Scotia Department of Energy provides links to offshore information. In addition, its 

Onshore NS Petroleum Well Database is a PDF file with information on onshore wells (location 

etc.) in Nova Scotia. It does not include a listing of cores or cuttings. The NS Department of 

Energy site may give a slightly different listing for onshore wells (e.g. Sydney Basin) than the 

NRC Basin Database. 

 

Wells - http://www.gov.ns.ca/energy/oil-gas/onshore/well-database.asp 

Publications and reports - http://novascotia.ca/energy/publications-and-reports/ 

 

Ressources Naturelles et Faune Québec 
 

The Ressources Naturelles et Faune Québec maintains a database of core and cuttings from more 

than 800 wells drilled in Quebec, including Anticosti Island. These materials are housed in the 

Core Library in Quebec City, Quebec. Information can be accessed from the Oil and Gas 

Geoscience Information System at the website addresses given below. Reports in digital format 

can be ordered through the site. 

Well data http B sigpeg.mrnf.gouv.qc.ca/gpg/classes/rechercheIGPG?url_retour= 

Reports, maps, etc. B http://sigpeg.mrnf.gouv.qc.ca/gpg/classes/igpg  
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The following table provides information on accessing well, drill hole and drill core sample data 

by basin and agency 

 Natural 
Resources 
Canada, 
Earth 
Sciences 
Sector, 
Basin 
Database 

Newfoundland 
and Labrador 
Department of 
Natural 
Resources  

The Nova Scotia 
(A ) Dept. of 
Natural 
Resources, 
Mineral 
Resources 
Branch 
(B) Dept. of 
Energy 

Canada 
Newfoundland 
and Labrador 
Offshore 
Petroleum 
Board  

Canada Nova 
Scotia 
Offshore 
Petroleum 
Board 

Ressources 
Naturelles et 
Faune 
Québec 

St. Anthony 
Basin (+ White 
Bay Subbasin) 

WELLS_ 
BASIN St. 
Anthony B. 

interactive map 
of mineral 
exploration drill 
cores (online) 

 Schedule of 
Wells NE Nfld 
& Lab. Shelf 

  

Sydney Basin 
onshore Nfld 
(Burin 
Peninsula) 

     

Sydney Basin 
onshore NS 

WELLS_ 
AREA  
Nova Scotia 
(onshore) 

  A. (1) drill holes 
spreadsheet, or 
(2) downloadable 
interactive map  
(3)  internal drill 
cores database. 
 B. (4)  Onshore 
NS Petroleum 
Well Database  

 Directory of 
Wells B  
Other Offshore 
Areas & 
Jurisdictions 
 

 

Sydney Basin 
offshore Nfld 
(+ peripheral 
wells) 

WELLS_ 
AREA  
Grand Banks 
 

  Schedule of 
Wells_Grand 
Banks1 

  

Sydney Basin 
offshore NS 

WELLS_ 
AREA  
Nova Scotia 
(nearshore) 

   (1) Directory 
of Wells - NS 
Offshore Area3 
 (2) access to 
sample data: 
DMC account 

 

Deer Lake Basin  (1) interactive 
map of mineral 
exploration drill 
cores (online) 
(2) Onshore 
Schedule of 
Wells +(3)  
links to well 
reports 

    
Bay St, George 
Basin 

     

Anticosti Basin 
Nfld 

WELLS_ 
BASIN 
Anticosti 
Basin 

 Schedule of 
Wells_Western 
Newfoundland1 

  

Anticosti Basin 
Quebec 

WELLS_ 
BASIN 
Anticosti 
Basin 

    Petroleum & 
Natural Gas 
Information_ 
WELL 

1 

                                                 
1 Lists conventional core 
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 ACCESSING SEISMIC DATA 

The Natural Resources Canada, Earth Sciences Sector, Basin Database 

The Natural Resources Canada, Earth Sciences Sector, Basin Database is an online resource 

providing petroleum exploration data, including location data for seismic surveys conducted 

mainly in offshore northern and eastern Canada. 

http://basin.gdr.nrcan.gc.ca/index_e.php 

Geophysical Surveys lists projects under the headings shown below. The seismic data itself is not 

available online. Coverage of older surveys is incomplete, and coordinates for recent surveys are 

not available. 

 
 
The following information is shown in tabular form: 

Project Company Year Area Status Geophysical Type 

Approx. 
Release 

Date Nav
Digital 
Data Description

 

 

Many projects are hyperlinked to additional details such as maximum-minimum latitude and 

longitude for seismic lines, shotpoint coordinates, an outline map of seismic lines, and project 

contact information. Project information can be saved as a table, coordinates and project lists can 

be exported to Excel, and maps can be saved. 

The Basin Database gives links to the CNLOPB, CNSOPB and National Energy Board websites 

which provide additional data on seismic programs. It also provides information on the 

approximate release data for completed and ongoing projects not yet in the public domain (search 

by Area but not by Coordinates or Map). In this respect it appears to contain a more up to date 
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project list than the 2010 CNLOPB reports list described below The CNLOPB site does, however, 

provide information on completed and ongoing projects not yet in the public, elsewhere on their 

site. 

The Newfoundland and Labrador Department of Natural Resources 

The Newfoundland and Labrador Department of Natural Resources has two downloadable PDF 

files containing onshore seismic information under Petroleum Onshore Maps and Data 

http://www.nr.gov.nl.ca/nr/energy/petroleum/onshore/onshore_maps.html 

Map of western Newfoundland onshore seismic lines B Reflection Seismic Lines 

Table of onshore seismic lines B Reflection Seismic Lines (Table) 

The Canada Newfoundland and Labrador offshore Petroleum Board (CNLOPB) 

The Canada Newfoundland and Labrador offshore Petroleum Board (CNLOPB) has a 

downloadable PDF file - Released Geophysical Reports (2010) - which lists released reports for 

Newfoundland and Labrador to December, 2010. Updates to this file may be available on request. 

Information shown includes maximum-minimum latitude and longitude for seismic lines, km 

acquired, and a brief description of the type of data. A second publication - Seismic Data 

Coverage Offshore Newfoundland and Labrador (2010) B includes maps showing the distribution 

of non-digital and digital seismic lines. For information on these and other reports, contact the 

CNLOPB at  

information@cnlopb.nl.ca 

The CNLOPB also provides online access to seismic project descriptions and other related 

documentation available on the public registry as downloadable PDF files which can be located 

by using the search function on the CNLOPB site. 
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The Canada Nova Scotia Offshore Petroleum Board (CNSOPB) 

The Canada Nova Scotia Offshore Petroleum Board (CNSOPB) Data Management Centre, 

provides registered users with access to available digital seismic data.  

To apply for a CNSOPB Digital Data Management Centre Internet Access Account, follow the 

link to Visit the Data Management Centre at B  

http://www.cnsopb.ns.ca/geoscience/data-management-center 

The Nova Scotia Department of Natural Resources 

The Nova Scotia Department of Natural Resources provides a limited amount of onshore digital 

data in the form of seismic lines and shot locations via the pathway DNR Library_Publications, 

Maps and Digital Products_Digital Products_Seismic Seismic Digital Products – 

 

http://www.gov.ns.ca/natr/meb/pubs/pubs3gpsei.asp 

 

The National Energy Board Frontier Information Office (FIO)  

http://www.neb-one.gc.ca/clf-nsi/rthnb/nrthffshr/frntrnfrmtnff-eng.html 

The National Energy Board Frontier Information Office (FIO) provides onsite access to well and 

geophysical data for frontier lands not regulated by joint federal/provincial accords. It is located at 

444 Seventh Avenue SW, Calgary (5th Floor.). Appointments to view and copy information 

should be booked through the  

FIO Data Coordinator  

(403-292-4800 or 1-800-899-1265 toll-free). 

 


